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STATUS SUMMARY

In addition to the progress reported during this
period, this report also includes the detailed
supporting data for the reports which represented
the quarterly progress for the July 1 - September 30,
1977 period. These reports were presented at the
First Eastern Gas Shales Symposium, Morgantown,

West Virginia, October 17-19, 1977.

Statistical analyses were expanded during this period
to include an analysis of Clinton sands gas flow
data. After the data were appropriately partitioned,
regression model techniques successfully yielded
useful insight into the variables that best improve
gas flow.

Mass spectrometry studies were completed on all
available samples. The hydrocarbon results obtained
during this study generally supported the gas
chromatography results and served as verification
data. The results also indicated that helium

was absent from the samples. The 0./N; results

for the samples were somewhat perplexing and statis-
tical analyses are currently being performed on the
data from these samples.

Clay mineral analyses were performed on samples
from four wells. These analyses indicated that
illite, mixed layer illite-montmorillonite,

and chlorite are present in all the samples, while
kaolinite is present in minor amounts only in the
Martin County, Kentucky samples.

Core samples from five wells were also analyzed
by mass spectrometry for stable carbon isotope values.
The results obtained to date indicate an inverse

relationship when compared to previous carbon isotope
studies.

Detailed hydrocarbon analyses were also completed
on all wells through I-3. These results confirmed
the variability present in both the Illinois and
Appalachian basins. They also indicated that the
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most thermally mature well is the Wise County,
Virginia well. Data obtained in these studies,
were consistent indicators for the results that
were later obtained in the Material Balance Assays.

The Material Balance Assays indicated numerically
averaged oil yields of 1.39 gallons/ton, 4.06
gallons/ton, and 9.04 gallons/ton for the KY-2,
P-1 and I-1 wells, respectively. The oil yields
for the VA-1, I-2 and I-3 wells were low.

Pyrolysis-gas chromatography results in general
verified the Material Balance Assay yields. These
results suggested that pyrolysis is required to
obtain maximum hydrocarbon yields for the samples
examined to date.

Pulsed Nuclear Magnetic Resonance has been used to
determine the fuel content of the shale. As the
data base is expanded, it appears that pulsed NMR
can be a rapid, nondestructive, determination of
fuel content. Correlations have currently been
made with data from the KY-2, I-1, 0-1, P-1, VA-1,
R-109, OH-1 and OH-2 wells.

Dilatometry studies were expanded to include samples
from the VA-1 and I-2 wells. The results for samples
from these wells were consistent with those observed
for the KY-2 samples.

An interactive data management and analysis system

was established for demonstration purposes. This

system is inferactive and has been successfully demon-
strated in the interactive mode. The system is currently

available for immediate implementation in a multi-
user mode.

A study to determine the hydrocarbon gas permeation
in the Devonian shales has been initiated. The
experimental system for this study is currently being
assembled and will eventually be capable of studying
permeation in an in-situ environment.

A study has also been initiated to determine methane
absorption and desorption in Devonian shales. This

ii



UGR File #C051/78Q1
Oct.-Dec. 1977
Mound Facility

study has been designed to determine the effects of
pressure, organic carbon and oil yield on the absorption
of methane by the shales. Currently, samples from the
KY-2 well are being tested at pressures up to 300 psig.

Mechanical testing is also in progress and significant
differences have been noted in the splitting tensile
strength values of samples loaded in the maximum and
minimum stress directions. Gas monitoring of the
fracture experiments has supported other experiments
that indicate that the samples obtained to date release
most of their hydrocarbon gases to the headspace of
their storage containers prior to test.

SEM analysis has been completed on as received samples
from the VA-1, P-1 and I1-2 wells. Pyrite concentrations
in samples from these wells were higher than those
observed in the KY-2 samples. The I1-2 samples also had
high concentrations of calcite present.

A palynological investigation of samples from the O-1,
P-1, KY-2 and VA-1 wells has been completed. Using

a combination of spores and acritarchs, Middle and Upper
Devonian seperations were made. Further subdivisions

in both categories was also possible. A report detailing
this work has been completed and is currently being
printed and assembled.

A preliminary archaeological survey of proposed gas

well locations in Lawrence and Scioto Counties, Ohio

was completed. A subsequent letter requesting deter-
mination of effect was submitted to the Ohio Preservation
Office, which agreed with the results and recommendations
of the survey.

A report detailing the survey is currently being printed
and assembled.
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SAMPLE DESCRIPTION

Tables 1 through 7 identify the specific samples reported
on in this study and their respective depths. The samples
are also cross-referenced with their respective MERC sample
numbers.

STATISTICAL ANALYSIS

Previously from analysis on a 27 observation data set
related to the Kentucky-West Virginia Frac Study, it was
shown that a good regression job could be obtained when
cluster analysis was used to identify natural breaks in
the data for partitioning purposes. While this study did
provide some insight, it was limited by the number of data
points. Nevertheless, the study did clearly indicate that
analysis of an expanded data set would be productive. As
a consequence, a study was initiated on an available
Clinton Sands gas flow data set of 328 values. The
variables examined and their physical significances are
listed in Table 8.

The problem in studying the gas flow is to construct the
best predictive model of gas flow in terms of the well
parameters available as independent variables. For this
purpose, a regression model is appropriate, and the statis-
tical computer package SAS (statistical analysis subroutines)
was utilized. Not only is this convenient for the forward,
backward, and maximum R?> techniques but is also the sta-
tistical package utilized to preprocess and initially manip-
ulate the data.

In the SAS system, the regression analysis subroutine
calculates three criteria which are useful in evaluating
the regression model fit. These are:

(1) R?-coefficient; this is the ratio of the
regression sum of squares to the total sum of
squares, and indicates the goodness of fit of
the regression model; it is desirable that
this criterion be as near unity as possible,
but certainly at least 50% is required before
much confidence can be placed in the model.

(2) s?; this is the mean square error, and is an
estimate of the variance about the regression;
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TABLE 1

Shale Samples from the KY-2 Well
Located in Martin County, Kentucky

MERC Sample No.

KY-2-1

KY-2-2

KY-2-3

KY-2-4

KY-2-5

KY-2-6

KY-2-7

KY-2-8

KY-2-9

KY-2-10
KY-2-11
KY-2-12
KY-2-13
KY-2-14
KY-2-15
KY-2-16
KY-2-17
KY-2-18
KY-2-19
KY-2-20
KY-2-21
KY-2-22
KY-2-23
KY-2-24
KY-2-25
KY-2-26
KY-2-27
KY-2-28
KY-2-29
KY-2-30
KY-2-31
KY-2-32
KY-2-33
KY-2-34
KY-2-35
KY-2-36
KY-2-37

C-336-2444-A
C-336-2444-B
C-336-2474-A
C-336-2474-B
C-336-2504-A
C-336-2504-B
C-336-2534-A
C-336-2534-B
C-336-2555-A
C-336-2555-B
C-336-2597-A
C-336-2597-8
C-336-2627-A
C-336-2627-B
C-336-2657-A
C-336-2657-B
C-336-2687-A
C-336-2687-B
C-336-2715-A
C-336-2715-B
C-336-2745-A
C-336-2745-B
C-336-2773-A
C-336-2773-B
C-336-2803-A
C-336-2803-B
C-336-2833-A
C-336-2833-B
C~336-2861-A
C-336-2861-B
C-336-2890-A
C-336-2890-B
C-336-2921-A
C-336-2921-B
C-336-2947-A
C-336-2947-B
C-336-2977-A

Depth, Ft.

2443 .
2443,
2474,

2474

2503.
2503.
.08/.
.33/
50/.
75/.
.56
.85
.60

2535
2535

2555.
2555.
2597.
.56/
2627.
.60/.
.30/
.67/
2687 .
2687.

2597
2627

2657
2657

2715

2715.
2745.

2745

2773.
2773.
2803.
2803.
2833.

2833

2861.
2861.
2890.
2890.
2921.
2921.
2947.
2947

2977

25/
35/

55/

25/

22/

37/

29/

45/

60/

45/
71/
20/
40/

.35
.60
20/.
.53/.
35/.
.80

53
85
55

33

.60

75
90

85

.67
.85
.57
57/.
.03/.
.66
16/.
.58/.
.60
.85
40/.
58/.
31/.
.50/

88
29

58
69

58
69
50

.65
.71
.88
.40
.65
32/.
50/.
43/.
71/.
.40/ .

50
70
71
92
60
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Table 1 (Cont'd.)

Shale Samples from the KY-2 Well
Located in Martin County, Kentucky

Mound Sample No. MERC Sample No. Depth, Ft.
KY-2-38 C-336-2977-B 2977.60/ .83
KY-2-39 C-336-3005-A 3005.03/.31
KY-2-40 C-336-3005-B 3005.31/.67
KY-2-41 C-336-3035-A 3035.43/.65
KY-2-42 C-336-3035-B 3035.65/.95
KY-2-43 C-336-3054-A 3054.10/.40
KY-2-44 C-336-3054-B 3054.55/.90
KY-2-45 C-336-3085-A 3085.20/.40
KY-2-46 C-336-3085-B 3085.40/.60
KY-2-47 C-336-3113-A 3113.40/.67
KY-2-48 C-336-3113-B 3113.67/.91
KY-2-49 C-336-3143-A 3143.22/.39
KY-2-50 C-336-3143-B 3143.39/.63
KY-2-51 C-336-3171-A 3171.18/.50
KY-2-52 C-336-3171-B 3171.50/.73
KY-2-53 C-336-~3201-A 3201.03/.25
KY-2-54 C-336-3201-B 3201.25/.52
KY-2-55 C-336-~3230-A 3230.27/.50
KY-2-56 C-336-3230-B 3230.50/ .64
KY-2-57 C-336-3260-A 3260.26/ .46
KY-2-58 C-336-3260-B 3260.46/ .68
KY-2-59 C-336-3288-A 3288.10/.23
KY-2-60 C-336-3288-B 3288.23/.50
KY-2-61 C-336-3328-A 3328.30/.56
KY-2-62 C-336-3328-B 3328.56/.86
KY-2-63 C-336-3358-A 3358.05/.56
KY-2-64 C-336-3358-B 3358.56/.76
KY-2-65 C-336-3386-A 3386.10/.35
KY-2-66 C-336-3386-B 3386.35/.70
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TABLE 2

Shale Samples from the I-1 Well
Located in Effingham County, Illinois

Mound Sample No MERC Sample No.
I-1-1 I-1-3023-A
I-1-4 I-1-3044-B
I-1-6 I-1-3057-B
I-1-8 1-1-3075-B
1-1-9 I-1-3099-A

*Not accurately defined.

Depth, Ft.

3023*

3044.25/.60
3057.30/.65
3075.31/.50

3099.30/.51
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TABLE 3

Shale Samples from the O-1 Well
Located in Christian County, Kentucky

Mound Sample No. MERC Sample No. Depth, Ft.
0-1-1 0-1-2184 2183.71/2184.08
0-1-3 0-1-2261 2261.02/.50
0-1-4 0-1-2292 2292.47/.91

0-1-5 0-1-2317 2317.21/ .64



UGR File #C051/7801
Oct.-Dec. 1977
Mound Facility

TABLE 4

Shale Samples from the P-1 Well
Located in Sullivan County, Indiana

Mound Sample MERC Sample No. Depth, Ft.
pP-1-1 P1-2142 A 2492.33/ .83
P-1-2 P1-2521 2521.08/ .33

P-1-3 P1-2549 2549 .25/ .67
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TABLE 5

Shale Samples from the VA-1 Well
Located in Wise County, Virginia

Mound Sample No. MERC Sample No, Depth, Ft.
VA-1-1 C-338-4885-A 4885.13/.40
VA-1-2 C-338-4885-B 4885.40/ .75
VA-1-3 C-338-4915-A 4915.10/.37
VA-1-4 C-338-4915-B 4915.37/.68
VA-1-5 C-338-4945-A 4945 .20/ .43
VA-1-6 C-338-4945-B 4945 .43/ .77
VA-1-7 C-338-4969-A 4969.20/.35

- VA-1-8 C-338-4969-B 4969 .35/.50
VA-1-9 C-338-4969-C 4969.50/.70
VA-1-10 C-338-4975-A 4975.10/.32
VA-1-11 C-338-4975-B 4975.32/.54
VA-1-12 C-338-5229-A 5229.20/.35
VA-1-13 C-338-5229-B 5229.35/.65
VA-1-14 C-338-5259-A 5259.10/.25
VA-1-15 C-338-5259-B 5259.25/.65
VA-1-16 C-338-5289-A 5289.10/.46
VA-1-17 C-338-5289-B 5289.46/.60
VA-1-18 C-338-5319-A 5319.37/.56
VA-1-19 C-338-5319-B 5319.56/.70
VA-1-20 C-338-5348-A 5348.30/.62
VA-1-21 C-338-5348-B 5348 .62/.80
VA-1-22 C-338-5379-A 5379.08/.33
VA-1-23 C-338-5379-B 5379.33/.57
VA-1-24 C-338-5393-A 5393.20/.50
VA-1-25 C-338-5393-B 5393.50/.65
VA-1-26 C-338-5393-C 5393.65/.90
VA-1-27 C-338-5409-A 5409.07/.37
VA-1-28 C-338-5409-B 5409.37/.55
VA-1-29 C-338-5439-A 5439.15/.40
VA-1-30 C-338-5439-B 5439.40/.67
VA-1-31 C-338-5469-A 5469.20/.53
VA-1-32 C-338-5469-B 5469.53/.80
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TABLE 6

Shale Samples from the I-2 Well
Located in Henderson County,

MERC Sample No.

N1-RAR#1 (120' Above Core Point)

N1-RAR#1-1-A
N1-RAR#1-1-B
N1-RAR#1-2-A
N1-RAR#1-2-B
N1-RAR#1-3-A
N1-RAR#1-3-B
N1-RAR#1-4-A
N1-RAR#1-4-B
N1-RAR#1-5-A
N1-RAR#1-5-B
N1-RAR#1-6-A
N1-RAR#1-6-B
N1-RAR#1-7-A
N1-RAR#1-7-B
N1-RAR#1-9-A
N1-RAR#1-9-B
N1-RAR#1-10-A
N1-RAR#1-10-B
N1-RAR#1-11-A
N1-RAR#1-11-B

N1-RAR#1 (120' Below Core Point)

Illinois

Depth, Ft.

190/200

334.
334.
364.

364

394.
394.

425
425

454,
454.
481.
481.
508.
508.
538.
538.
568.
568.
598.

598

25/ .
50/.
10/.
.32/.
15/.
36/.
.33/
.52/.
14/.
40/.
15/.
32/.
.48
48/.
29/.
45/.
40/ .
.80

26/

60/

15/.
30/.

730)740

50
75
32
55
36
60

.52

90
40
65
32
53

70
45
67
60

30
55
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TABLE 7

Shale Samples from the I-3 Well
Located in Tazewell County, Illinois

MERC Sample No.

N2-MAK#1 (120' Above Core Point)

N2-MAK#1-1-A
N2-MAK#1-1-B
N2-MAK#1-1-C
N2-MAK#1-2-B
N2-MAK#1-2-C
N2-MAK#1-3-A
N2-MAK4#1-3-B
N2-MAK#1-3-C
N2-MAK#1-4-B
N2-MAK#1-4-C
N2-MAK#1-5-A
N2-MAK#1-5-B
N2-MAK#1-5-C
N2-MAK#1-6-B
N2-MAK#1-6-C
N2-MAK#1-7-A
N2-MAK#1-7-B
N2-MAK#1-7-C
N2-MAK#1-8-B
N2-MAK#1-8-C

N2-MAK#1 (120' Below Core Point)

Depth, Ft.

7707780

940

940.
940.
969.
969.

995

995.
995.
.22/
43/.
19/.
19/.
39/.
.45
.83
12/.
12/.
.35/.
.01/.

1018

1018.
1048.
1048.
1048.
1078.
1078.
1108.
1108.

1108
1138
1138

1270/1280

.10/.
10/.
33/.
04/ .
27/ .
.08/.
15/.
.85
.43

31/

25/
45/

17/

33
33
75
27
71
27
31

90
39
39
79

35
35
77
17
60
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TABLE 8

List of Variables and Their Physical Significance
of the Clinton Sands Gas Flow Study

Variable Physical Significance
Y, Open Flow, MDFD
Y, Reserves of Well from Onset of Production
(Includes Past Production)
Y, Accumulated Production of Well for 42 Months
Y, Accumulated Production of Well for 60 Months
X, Well Number
X, County (Eastern Ohio)
X, Gross Sand, ft.
X, * Net Sand, ft.
X5 * Porosity, %
Xe Depth to the Perforation; ''Depth of the Well’
). ¢ Rock Pressure, psi
Xs Horse Power
Xq * Injection Rate, bbl/min
Xi0 Breakdown Pressure, psi
X * Average Treating Pressure During Frac Cnerati-:
X2 Instant Shut-In Pressure - '
X,3% Perforation Size
X4 Number of Perforations
X5 Pad Volume, gal
Xie* Treatment Volume, gal
Xi2% Total Water Volume, gal
X8 Total Sand, 1lbs
Xi9% Frac Width; (0.43*% X, + X;,) - X,
X0 6,, Minimum Hor. Stress; ¥i2 + 0.43 Xs
X, Vertical Stress; 1.15*% X
Xy, % 6,, Maximum Hor. Stress; 3% X,, - (0.43% .+ Xi0,
- 0.01% X,* X, + 1460
Xps* X22/X20
X2 A - X /Xy
XZS XIB/XIG
Xae* X20/Xsg
Xyq% X172/ (((0.43% X¢ + X11) - Xz0)* X3)
X28 C.785*% X,.,* X%,
XZg* Xk* XS
) X, + 0.43*% X,
XS! X30/X6

7“'Judgef:l to be important variables, especially variables that are
controllable.
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the best model will generally yield a minimum
s? value,

(3) Feratio; this is an F-statistic calculated from
the data and depends upon the number of wvariables,
the number of observations, and the accepted
risk level; although this F-statistic varies
with these parameters, a F-ratio of about 3.0
or more is generally desirable.

For purposes of reporting results, the R? coefficient and
F-ratio are most useful in indicating the tradeoff between

a measurement of fit and the credibility of that fit,
respectively. The s? criterion is primarily used by the
author in indicating the fewest variables which best explain
the variations in the dependent variable.

To test for a possible blanket fit to the complete data
set, a regression analysis with the dependent variable Y,
and the dependent variables X,-X;, was made. The marginal
quality of the fit can be seen in the following cases:

(1) For the entire 328 data set, a fit of only about
17% (R?) could be obtained (10 variables).

(2) For all points with Y, 23000 MCF/day, a fit of
only about 267 could be obtained for this high
flow data (3 variables).

(3) For all points with Y,$2000 MCF/day, a fit of
only about 237 could be obtained for this low
flow data (8 variables). .

At this phase of the analysis it was decided that fits with
the other dependent variables Y., Y;, and Y, should be
explored because they represent a sum of measurements

taken over a longer period and therefore should be more
stable.

A comparison of the analyses for the dependent variables
Y, Y;, Y;, and Y, ievealed both expected and unexpected
indications. The data given in Table 9 illustrate that Y,
1s inferior to the other dependent variables as expected
and raise some questions about the exprapolation method
used for Y,. However, a surprising quirk is that Y; is a
slightly better variable than Y,, uniformly over all the
data, even though Y, is data accumulated over a longer
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period (60 months rather then 42 months). In a similar
sense Y, is nearly everywhere a considerably better variable
than Y;, even though Y; is summed over 42 months, whereas

Y, was supposedly subject to more errors. The differences
in the quality of the fits are not significant but they

are consistent.

As just shown the quality of an overall fit to the Y, data

is marginal, but good results were obtained for a fit of

Y, data for a tight cluster (CL1) of wells in the region,
CLl 41 .0<LONG<41.2, 81.15<LAT<81.35

These results are:

Variables R? MSE F
* *
X;,X7, X, ., 39.9% 1.887x10% 7.96
*
x23’x27’xal .
*

xS:X7£XIS*XIG; 47 .2% 1.779x10°% 5.45
an»xizsxza,xzu,
XZS,X27,X31

Where the asterisks indicate those wvariables most desirable
from the point of view of control of the process. These
findings indicated an expanded analysis of cluster CL1
using variable Y,, as well as inclusion of clusters:

CL2 40.1<LONG<40.5 , 81.30<LAT<81.55
(a well-defined cluster, but not as tight as (CL1)

CL3 LONG<40.2 LAT>81.45
(a sparse scattering of data in this region)

A longitude-latitude plot of the data shows that clusters
CLl, CL2, and CL3 lie along a straight line.

The studies of clusters CLl, CL2, and CL3 using variable

Y., show that if all the data in each cluster are to be fit,
the tighter clusters generally yield better results. That
is, CL1 is a better fit than CL2 or CL3. Interpretation

for CL2 and CL3 is less clear, as shown in Tables 10 and

11, but only the fit for CLl is really acceptable. A better
fit is obtained for CL3 than CL2, but the confidence level
in this fit is considerably lower than the fit for CL2.

It should be pointed out, however, that more careful
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scrutiny might be given these clusters because this is just
a first step toward refinement. For example, CL2 might
be constdered as three subclusters.

Even though analyses based on high/low flow data from the
overall data set did not provide acceptable results,
analyses based on high/low flow data was made for cluster
data CLl. A surprisingly good fit is obtained for both
the high and low flow data, so similar analyses were per-
formed for clusters CL2 and CL3.

The high flow analyses for CLl, CL2, and CL3 are given in
Table 12. The best fit is definitely obtained for data
within cluster CLl, with about 60% fit and good confidence
in that fit. The fits CL2 and CL3 are not as good, but

are quite encouraging, and again warrant further study.

The low flow analyses were even more surprising because
fits were totally lacking for the Kentucky-West Virginia
low flow data. As indicated in Table 13 some of the fits
aie incredibly good, which should prompt further investiga-
tion.

For cluster CLl1 the low flow data are fit to over 65%

with very good confidence, and to over 50% with only five
variables. The low flow data of cluster CL2 have the
poorest fit characteristics, with less than 50% fit as

well as low confidence. But there is still more than enough
evidence to encourage further investigative fits of CLZ.

The most unusual fit is for the low flow data for CL3,

which can be fit to essentially 100%. There is no question
that part of this is due to the few observations in this
data set (N=23), but a good fit is achieved with only two,
three, four, or five variables. So the fit is due to more
than just a small data set. As shown in Table 13, the
effect of the small data set becomes apparent when fitting
with about eight variables, when the confidence F ratio
starts rising abruptly and the mean square error criterion
drops precipitously. To assess to what extent this is a
good fit more work needs to be done, especially if more data
can be obtained for this region.

For these analyses it should be stated that the high and
low flow threshold of 100,000 MCF/60 MOS for Y, was
chosen more or less arbitrarily. A better choice might
provide still better results. Likewise variables Y, or
Y, might be preferable to Y. for this fit.

To more directly compare this analysis with the Kentucky-
West Virginia Frac Study, cluster CLl, CL2, and CL3 data

16
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points were rerun with Y, as the dependent variable

rather than Y,. A comparison of data given in Tables

11 and 14 shows that one cannot simply conclude that

the Y, data is preferable to the Y, data because uniformly
berter fits are not obtained using one dependent variable
over the other. We can observe that the fits for clusters
CL1 and CL3 are comparable for Yj;and Y,. However, a
substantially improved fit at 387 with a high confidence
for Y, is obtained for cluster CL2, whereas only a fit

. of 28% 1s obtained using Y, data.

High flow observations within the three clusters for

the variables Y, and Y, were compared in a similar

manner. The results are given in Tables 15 and 12
respectively. The fit for the high flow data within
cluster CLl are actually somewhat inferior to that obtained
for Y., but they are comparable, except that a lower
confidence is associated with the Y, fit. However,

the fits for high flow data for clusters CL2 and CL3

using variable Y, are substantially better (with higher
confidences) than achieved using variable Y., with improve-
ment for cluster CL2 being the most dramatic,

Again it should be emphasized that the thresholds of

Y, 2 100,000 MCF/60 MOS and Y, > 2000 MCF/day were chosen
somewhat arbitrarily in order to partition the data at

a nominal middle flow range and in order to achieve
reasonable cluster sizes. A more systematic assessment
of these thresholds might yield even better results.

To illustrate, compare the data in Table 16 for high flow
in cluster CLl1 to that given in Tables 12 and 15. 1In
Table 16, for Y, a threshold of 2500 MCF/day was used,
and a much better fit was obtained than even that achieved
using Y, data.

The threshold of 2000 MCF/day was selected in order to
increase the higher flow subset from the 21 observations
associated with the 2500 MCF/day threshold. Nevertheless,
as shown in Table 9, the excellent fit is obtained long
before the effect of having only 21 observations comes
into play.

The results for the low flow observations within the
three clusters for the variables Y, and Y, are listed in
Tables 17 and 13 respectively. Although the low flow
results for cluster CL1 are comparable for variables Y,
and Y,, in general Y, does not show up as good a variable
as Y,. The excellent fit of CL3 low flow data using Y,
is not achieved at all using variable Y,. Possibly the
effect of the threshold of Y, g 2000 MCF/day being too

20



UGR File #C051/78Q1

Oct.=Dec.

1977

Mound Facility

68"

91

1t

8¢t

¢S

l

"

¢

‘9

L

78°8

06°¢1

96

A

Bl

0T

s01

s01

¢O0T

s01

¢01

¢01

o 01

X 88°

dSKH

%66t

YAZRA

%6°61

%8 8¢

LYy 8¢t

HLTLE

%Y 8¢

%6 6€

.wa .m—x .:~x .%m—x
‘Tly ‘x®X 'YX '¢X

yhmwx .mﬁx .:—x
.*mx .hx .wx .*nx

*me ‘m—x .hx .ox

*mwx 8Ty ‘siy EED'¢
.*n—x .emx .*h~x..*o—x
.m~x .*n—x .*mx .hx .nx

¥0Nx .QNN .me
.*wa .¥0~x .Qﬁx .*wnx
.*m~x .*mx .hx .mx

x8%X
.ch -me .*Nux .onx
.¥0~x -*n~x .mx .hx
*nwx .OAx .*m—x .sx

x .*th
‘xECX TxflX X ‘x"X

s9TqEIaEBA
juapuadapug

Ix arqetraep 3ugsq

6L

A

6L

sjujod eaeqd
jo xaqumny

€10 PUe ‘Z7ID ‘11D §123SnI) Ul eleq JO STSATRUY

91 F19VL

€10

¢'10

110

1238Nn1)



/78Q1

Mound Facility

60°

oL-

7y

90"

AS

SC’

19°

LT

AN

X vt

X 89°

dSKH

[

W

%l
%C”

%8

%9
%S

1L

9

£G

2

A9

Sy

1%

6¢

06

9¢

.*wﬂx .¥m~x .*mx

M SEFAA SRR SRS Sl

*max .*wnx .*n—x .hx
omx

.*me .ONx .v.hhmx .:Nx
.onx -mﬂx .*m—x .*mx
‘OX ‘xSX 'x "X ‘X

*mwx -QNx -%wa .:Nx
.eux .m—x .*:x .mx

me
-:Nx .mnx .:ﬂx .N—x

*mmx .mwx ~:—x .-x

¥0Nx .:mx .-x

*me .*th .me
.*0~x .:ﬁx .%:x .nx

PERS (
.me .:NN .mﬂx .:—x

enx .*hmx .mux

S91qeTIBA
Juspuadapug

AVA/dOK 000°7 < smold 'x 103
€710 pue ‘gD ‘1710 sidlsnip uy eieq 'A 30 stsA1euy

¢1 318Vl

L1 ¢ 101IH

L ¢'TO0IH

9¢ 110IH
sjujod ®IEd 193SNT)

Jo 1aqumy

22



UGR File #C051/78Q1

Oct.-Dec. 1977

Mound Facility

91

t

68°¢

A

19°

=

T

1

90T X 6C°1 %9 LS
90T X 0% 1 %1 6%
90T X 06°1 %C 9¢
90T X 68°1 %L CC

ASH <4

Aed/40W 006G ‘T <

*th -:Nx
.*mﬁx -OAx .*hnx .mx

me
.th .:Nx .mnx .hnx

*th .aNx .m~x .ox

*hmx .nnx .ux ﬂN

sjuiog eaeq
Jo aaquny

CERCLA LY
juapuadapul

X Yarm 11D 103 eleq 'x Jo sIsdfeuy

91 d14V.L

TTOIH

133sn1)

23



1977

~Dec.

GR File #C(51/78Ql

ct
Mound Facility

g

R

0T X %01 %6 6T Sty vy xflx X

mwx .*mux .m~x .*h—x

0T X %0°'1 %522 VRS SIS ‘SIS (OIS '

mwuﬁ

0T X L0°1 w8 L1 “xEEX ‘xt'X OC4X X
0T X 011 %€l ST ‘xfiY ‘X 801 21001

sTY

.&.NN% .e~x .._gx .¥-um

sOT X 8€°1 %L %S LD SRAD ' GED GIFAD G (

mux .*wa .c—x .*wax

] ¢ & L PR3

0T X 8Y°1 %T 6% "TY 'x X X X
0T X €671 % " YY Ty "X x®x fx ‘X €S 110071
ASH Y CENC R E LT sjutoq eleq I23sny)

ju9puadapug Jo aaqumy

£e@/40W 000°Z > mOTd 'A 103
¢'iu pPue ‘z7o ‘171D sIdisny) ul eaeq 'x JO sEsLjeuy

LT d719VL



ile #C051/78Q1
«=Dec. 1977
Mound Facility

UGR F
Oct

89°1 0T X 26°¢ %L 8T ‘x°X ‘°X ‘°X ‘X
. *n«N
VTAK/ 0T X (ST %LLT VERS SRR GRS GIF"L) (
AR s0T X §S°¢ %St "IX X ‘xSX
68°¢ s0T X 6S°¢ YAREA "X %X 8§ £1001
E oSN i Juspusdapur "o zoquay T3

AeQ/4DH 000°'C > mOoTd 'x 103
€10 Pue ‘Z7I0 ‘170 S183Isni) uf eieq 'X Jo sIysdreuy

('pP,3u0)) (1 A19VL

25



UGR File #C051/78Q1
Oct.-Dec. 1977
Mound Facility

large comes into play here, as indicated by the consider-
ably larger size for CL2 and CL3 and Y; dsta for the
corresponding Y., data.

Further examination of these clusters and threshold

values for Y;, Y;, or Y, should provide even better
results. It might be necessary to use different thresholds
for high and low flows in order to obtain good flows across
different clusters. For these data and at this stage of
the analysis it is felt that no new insight will be

gained by using a non-linear model. Nevertheless these
findings support characterization and development of
regional parameters as constrasted to global parameters.
For example, the net sand and perforation are indicated

as key parameters.

The overall objective of the study was to identify those
ermmtrollable variables to best improve gas flow, and to develog
strategies to obtain such flow improvement. For example,

for the 19 high flow data points with Y, > 3000 MCF/day

in cluster CL1, the following fit was obtained:

VARIABLES
IN MODEL R?2 F-RATIO
D SR I0 PELID FEL 48.7% 4.74

Note that nearly a 50% fit is obtained with good confidence
using only three variables, and all correspond to important
well parameters.

In summary, the regression model techniques have proven
sufficiently successful after the data is partitioned
appropriately that this approach should yield useful
insights into improved gas well operation. In addition,
these techniques could be applied to any other similar data
from other regions which should become available and also

data from other geological gas producing sources such as
Eastern Gas Shales.

MASS SPECTROMETRY

Prior to the use of the shale core samples for the various
physicochemical tests, the sealed container is opened in

a special test fixture. The composition of the gases in the
sealed container are determined by mass spectrometry, and
the internal pressure of the container is monitored by means
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of an automatic pressure recording device. The results for
the varfous wells examined to date are listed in Tables 18
through 23. The hydrocarbon results are generally supporta-
tive of the gas chromatography results and serve as verifi-
cation data. The results for the wells also indicate that
helium is absent from the shale gases.

The nitrogen-oxygen results are somewhat perplexing. The
ratio of these gases (U,/N,) for normal air is approximately
0.27, An examination of the results, however, shows that
this ratio is not always present in the container upon
opening. One of the first explanations for these types of
results would be the oxidation of the interior walls of the
container, but this effect has not been observed when the
containers are examined after opening. The next most
logical explanation is the oxidation of the shale core.

This is a feasible explanation because as the oxygen con-
centration decreases, the CO, concentration increases.

In a test to better preserve the core and protect it from
oxidation several samples from the VA-1 (Wise County, Virginia)
core were wrapped in plastic and aluminum foil in the field
and these samples were stored under water to minimize their
air exposure. The samples, however, become wet. Once the
water contacted the shale it reacted with the pyrite

present in the shale and a mild acid, formed from this
reaction, reacted with the aluminum foil wrapper and hydrogen
was liberated. The reaction did liberate significant
quantities of hydrogen as illustrated for the specific
results of samples VA-1-8, VA-1-9 and VA-1-24,

Initially it was thought htat the type of kerogen present
in the shale core influenced the depletion of oxygen and
in-growth of CO; in the samples. The observation was made
because the samples from the KY-2 Well (Martin County,
Kentucky) that were basically woody-coaly had a faster
oxygen depletion rate than those that were herbaceous.
This observation, however, has not been that consistent

in the samples from the other wells. Because the cause of
this effect has not been clearly defined, statistical
analyses are currently in progress to determine the inter-
dependence of the characteristics of the shale with the
0:/N. ratios of the head space gas present in the sample
containers,
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CLAY MINERALOGY

Core samples from the I-1, P-1, KY-2 and VA-1 wells have
been analyzed for clay mineral content.

Three patterns were made for each sample: untreated,
ethylene glycol, and 300°C. Illite, mixed-laver illite-
montmorillonite, and chlorite are present.

Minor amounts of siderite, dolomite, and feldspar are
present in some samples. Kaolinite is present in minor
amounts only in the KY-2 well. This may be due to a differ-
ence in source material or to the shallow depth of burial
(low temperature). In the KY-2 well, haolinite decreases
with depth; however, the mixed layer clay tends to increase
suggesting that these trends are depositional. In the VA-1
well, the mixed layer clay decreases with depth as the
illite content increases. This may be due to burial
diogenesis as the sharpness ratio increases and the
crystallinity index decreases with depth. As the illite
peaks become narrower (due to increased crystallinity,
increased grain size or loss of expanded layers) the

sharpness ratio (S.R. = 10A ) increases and the crystal
index (C.I. = width at half-height in mm) decreases.

Regionally, the clay mineral suite is relatively uniform
except for the kaolinite in the KY-2 well and a relatively
low mixed-layer value for the I-1 well. The specific

data are listed in Tables 24 through 27 and Figure 1 shows
the average results of the present study in contrast with
Weaver's (Geochim et Cosmochim, Acta, 31, 2181-2196, 1967)
estimate of the clay mineral composition of North America
versus time. The data are too limited to make any strati-
graphic interpretations at this time.

The S.R. for the VA-1 well averages 4.0l and for the KY-2
well averages 4.28. The C.I. values average 1.82 and 1.65
respectively. The differences are probably not statis-
tically significant. The P-1 well samples have a higher
S.R. (5.15) and lower C.I. (1.5) than those from the VA-1
and KY-2 wells. The I-1 well has a lower S.R. (3.34) and
a similar C.I. (1.68). Though the values are too few to
be significant, the data indicate that the P-1 well samples
have probably been exposed to higher temperatures than
those in the other three wells.

38



e - (RPN A
1977
Mound Facility

UGR - ..

Oct.-Dec.

(49

L' ¢

0°¢

£l
LL

1869

C1-C-A%

[AA

s

£ 1

£t
09

1 L29C

€1-¢-xA

98

1°s

¢'1

19 ¢
£l

1 L66¢

11+2~4

L6 Zot 8¢ 0L 6% IYy3rey Mqead yot
€S 1S 'Y €€ 8¢ o13ey ssaudaeyg
B | L1 9'1 81 €1 £3yutiTeasda)

by S S o 9 931FI0TY)

1) € 71 Vi S a3TuULTORY

€€ L1 6 91 L1 13feT-paxXTIH

09 6L 4 GL 41 231111

93 FUOTT FIOWIUOKW
UuoTINQIIISTQ IUdDI3g
16662 \GEST +%06T VSLYT LA TA yadaqg
6-C-A1 8-7-XA 9-2-XA ¥=T-KX C-¢-XA ‘ON a@1dweg punoy
=K1 TI3M - 3uajuo) Aey)d

®C T19VL

39



UGR File #C051/78Q1

Oct.~Dec.

1977

Mound Facility

801

6°¢t

8'1

01

(X
89

 168¢

TAREAD .|

(4

€'t

0'¢

Gt
LS

1 £88¢

6C-C-AA

91

€9

(AN

91
€L

1 C98¢C

IXASAD N |

(11

A

L1

91
(4

1 08¢

6¢-2-x4

88
9'Y

L1

0¢
cL

LT

¥Z-C-X1

10T €9
A L€
S 1 61

S 9

€ v

6 81

€8 et
SYLT  (9TLT

8Y

VAN

8'1

1¢
L9

.wwww

T2-¢-X 0C-7-XM 81-T-AA

Z-XX T1@M - 3usjuo) AeT)

('p,3u0)) vz 14Vl

Y3719 Neaq ¥o1
oTley ssaudaeyg

A3jurrieasLxn

23F10TYD
93TuUtIoEy
X9Ae -paxXTIN
231111

93 TUOT T TXOWIUOK

UOTINQGIIISTQ IUIDI3J

yadaq

"oN 971dweg punoy

40



UGR File #C051/78Q1

1977

Mound Facility

Oct.-Dec.

L6

9°¢t

81

Lc
99

WTTE

L9-C-XA

19

t'Yy

¢'1

ot

€1
LL

1 680¢

SY-T-X4

SS

S°S

€1

ct
29

1 660€

[AY

€Y

L1

91
LL

1 980¢

18

¢y

61

te
19

1 900€

VALEADS BENALIAIS BNV A Y.

8

Y

L1

8¢
%9

84617

L6

¢

8'1

(A%
29

18%6¢

LS

8¢

€1

A

6¢
£9

1 2062

8€-7-XM GE~C-AX %E-7-xA

'(P,3U0)) Z-XM 1T13M - 3uajuo) £erd

('p,3u0)) 47 A4Vl

41

IY31aH ead yot
orley ssaudareys

A3tuyriieasda)

93T10TYD
ajfurtory
13Ke7-paxXIN
237111

393 TUOT [ TI0oWIUOK

uotTINGIIISTQ IUSDIJ
yadaq

"oN 91dweg punol



UGR File #C051/78Ql
1977

Oct.-Dec.
Mound Facility

42

oL A LTt GET 002 €€T LTl 91 IY3TeH ¥E3d YOT
vy 8¢ 0% rAlY g8 Y 0°€ 0'Y 6" € otaley ssaudiwys
L1 %1 0°¢ L1 9°'1 A/ 81 12 L3yurrieasfa)
6 8 11 €1 €1 01 01 8 93TI0TYD
0 0 0 0 € 0 Y Z 931TUITORYy
91 81 €C 81 01 LT €1 %4 19Le -paxXTH
L vl 99 69 9/ . €9 . €L 9 AT
93 TUOT T TI0WIUOK
UOTINGFIISTF IUdII3g
., 98€¢€ , 8GEE ,6CEE . 882¢€ , 192¢€ , 0€CE .102¢€ JILTE JYYIE yadaqg
99-7-AM €9-7-AM T9-7-AX 09=7-AM 86=7=XM 6S=T-AA ¥%S-Z-AX TG6-Z-AM 0S-7-XA ‘oN o1dweg punoy

(P,3u0d} z-XA TT13M 3uaiuo) 4ei)

('P,3u0)) 4z 414VL



1977

UGR File #C051/78Q1
Mound Facility

Oct.=Dec.

€ 0°¢ 1°¢€ 0'Yy 6°¢ ofaiey ssaudaeyg
L1 8°'1 71 ¢'1 0'¢ Katuriieasda)
Al S1 L1 €1 A 2311071YD
0 Y 0 0 0 s3TUTTORY
[A4 £1 o1 01 LT 13£8-PIXTH
99 rAA £l L8 TL 237111
93TUOT T FIOWIUOK

{UOTINQTIISTQ IUIDIIAJ

1660¢ 1 SL0E 1 LS0€ +7%70¢€ 1£20¢ yadag

6-1-1 8-1-1 9-1-1 %-1-1 1-1-1 "ON 97dweg punoy

1-1 TI®M - 3Jua3uo0) AeI)

GC JdTdVL

43



FARIER.

1977

Mound Facility

Oct.-Dec.

A4

Sy

L1

<1

S1
tL

1 6%5C

€-1-d

1€

<9

S 1

71
L

1126

¢c-1-d

991

LY

€1

[A%
66

r06%¢

1-1-d

Iy3yey Awed Y01

o13ey ssaudieys

Lyjurgieasda)

93T710TYD
23TUTTO®Yy
13Le-poxXTH
237111

93 TUOT T TIOWIUOK

uoTINGFIISTA IUIDAJ

yadaq

‘oN 91dweg punop

T-d 1I°M - 3Ua3u0)

gz Jd19VL

AB1D

iy



UGR File #C051/78Q1

Oct.-Dec.

1977

Mound Facility

(AN

€'t

0'¢

01

€T
LL

16876

L1-T-VA

G8

9°C

£ ¢

A
0s

16626

ST-T1-VA

80T

T°¢

0°¢

ot
19

6225

€1-1-VA

(A4}

9°¢

8°1

11

8¢
19

SL6Y

TI-T-VA

601
6°¢C

A

1¢
cL

« SY6Y

9-1-VA

09

L't

L1

ot
99

1 ST6Y

-T1-VA

I-VA TIT2M - 3ua23uo0) Aey)H

(7 d19V1

8¢

't

AN/

(A
18

1 G88Y

¢-T-VA

IYSTaH Nead vot
ofaey ssaudaeyg
Laturrieasda)

23FI0TYD
23TuTvey
22Le7-paxXTH
23ITT1L
93TUOT1TIOWIUOR

UuoTINQTAISTQ IJU30134
yadaq

"ON 91dweg punop

45



UGR File #C051/78QL

Oct.-Dec.

1977

Mound Facility

88

€9

6'1

16996

CeE-1-VA

GG 611
£°s (AR
€1 £ 1

8 0t

0 0

91 11

9L 6L

16E96 1 80%S

62-1-VA [Z-1-VA 92~T1-VA SGT-T-VA CT-1-VA 1C-T-VA

GS

9%

L1

01
€8

E6ES

86

0%y

LT

€1
6L

1£686

vAY

'Y

L1

8T
6L

16LES

98

0'%

S'1

61
€L

' 8YES

T-VA T12M -~ 3uajuo) AeY)D

¢p

ju0))

L7 F19VL

%01 IY313H Aead Noa
€'Y o11vy ssaudaeys
6'1 L3juriieasda)

01 231T20TYD

0 23yurtoey

VA 19£e]-PIXTH

9L 9ITTITI

23 TUOT T TIOWIUOK

UOTINQIIISTJ IJua2a3g

1 6TES

81~1-VA

yadaq

"ON @1dweg punoy

46



1977

UGR File #C051/78Ql
Mound Facility

Oct.-Dec.

PERCENT

100

LR}
LY

z l‘lll
e

- —yg3Av 1 - Q3IXIW

3 LIHOTHD

—

TERTIARY
CRETACEQUS
JURASSIC
TRIASSIC
PERMIAN
PENNSYLVANIAN

U MISSISSIPPIAN

L. MISSISSIPPIAN

DEVONIAN

SILURIAN

ORDOVIC!A

N

CAMBRIAN

PRECAMBRIAN

VA-1
P

1

KY-2

CLAY MINERALOGY RESULTS

FIGURE 1

47



UGR File #C051/78Q1
Oct.-Dec., 1977
Mound Facility

The amount of mixed-layer clay is calculated using the
height of the lOﬁ peak of the ethylene glycol treated

sample and the 10K peak of the sample heated to 300°C.

The increase in peak height after heating is assumed to be
due to the collapse of expanded layers in the mixed-layer
clay. In the untreated samples, the mixed-layer peak occurs
as a shoulder on the low angle side of the 10A illite
peak. Its apex appears to be in the range of 10.5 to 1llA
or less; on glycolation there is little change in the peak
positton. The mixed-layer clay apparently contains 10

to 20% expanded layers.

The presence of this mixed layer clay suggests the shaée has
not been heated to temperatures higher than 200 to 250°C.

If sufficient potassium is available, ghe mixed-layer phase
should convert to illite at 200 to 250°C. 1If the mixed
layer (4:1) clay originally had a higher content of ex-
panded layers, it has probablg been exposed to temperatures
higher than approximately 100°C. Unfortunately, little is
known about the effects of time on clay diagenesis. Time
should tend to lower both the temperature values given above.

Figure 2 is a plot of 10A peak height vs. percent organic
carbon for all samples. As expected, there is a good
inverse linear relation for most samples. At this time,
there is no apparent reason why five samples fall off the
trend. The samples from the I-1 well were not plotted as
they were run on a different x-ray machine, and the intensi-
ties are not comparable.

Figure 3 contains plots showing the relation of the C.I.
and percent mixed-layer clay with depth in the Ky-2 well.
There is a large amount of scatter. The mixed-layer
content appears to increase and the crystallinity decrease
(C.T. increase) with depth. The interval is so short and
the depth so shallow that major diagenetic effects are not
apparent. Figure 4 contains a plot of the sharpness ratio
vs. depth for the KY-2 well. Also shown is a three point
moving average plot of the S.R. values. The S.R. appears
to decrease slightly with depth.

This study is still in progress and should identify, as
more data becomes available, the quantitative relationship
between burial diagenesis of clay minerals and the hydro-
carbon generation.
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STABLE CARBON ISOTOPE GEOCHEMISTRY

Samples of shale core from five wells have been analyzed

by mass spectrometry for stable carbon isotope values.

Prior to analysis, the inorganic carbon was removed by
acidification. The total organic carbon was converted to

CC, gnd its delta!’C was measured relative to PDB. The
delta’®C results show a strong correlation to the organic
matter type. In general, the samples classified as

gas prone, restricted marine or nonmarine are characterized
by delta!®C values ranging from -24.6 to about -28. The

0oil prone, more marine type of organic matter composed mostly
of herbaceous and amorphous kerogen is characterized by
isotopically lighter delta'!®C values (-27 to-31). Four of
the five wells have been exposed to a similar thermal history.
The organic matter from the VA-1 is more thermally mature
(Table 28). Delta!3C values from the nonmarine shales

(gas prone) from VA-1 appear to be isotopically lighter

than the nonmarine shales in the other four wells. Increasing
thermal maturation on kerogens of similar type usually
produces a kerogen which becomes increasingly heavier
relative to !'®C/!'2C. The data indicate that the opposite
effect has taken place, namely the organic matter has become
slightly lighter. Previous studies performed on crude

0ils and kerogens have shown that delta'’C values of -23

to -29 are indicative of marine derived organic matter.
Values of -29 to -33 usually indicate marine organic matter.
The initial results obtained on selected Eastern gas shales
seems to show an inverse relationship when compared to
previous carbon isotope studies

More samples from other wells will be analyzed to establish
if this inverse relationship does exist and why it does
occur.

DETAILED HYDROCARBON ANALYSIS

The detailed hydrocarbon analyses have been completed on
all wells through I-3. There analyses included C,-C;
hydrocarbon analyses, detailed C,-C; Lydrocarbons, soxhlet
extraction and liquid chromatography of C,s + bitumen, gas
chromatography of C,s + paraffin-naphthene hydrocarbons,
lithologic description, vitrinite reflectance, organic
carbon and detailed kerogen composition.
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VIV B AVRVION

Mound
S le
Well Number Depth
KY-2 KY-2-2 2443
KY-2-8 2535"
KY-2-20 2715"
KY-2-45 3085
KY-2-60 3288
VA-1 VA-1-2 4885"
VA-1-6 4945"
VA-1-18 5319°
VA-1-26  5393¢
VA-1-32 5469°
P-1 P-1-1 2492
P-1-3 2549
0-1 0-1-1 2184
0-1-5 2317"'
I-1. I-1-4 3044
I-1-8 3075"

* Organic Matter Type

Marine
Marine

Restricted Marine

Nonmarine
Nonmarine

C)i}ﬂis-ﬁ;

TABLE 28

Organic
Matter Type*

H;Am;W(C)
W-C;H; -
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g e we

-e wa
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Algal

Woody
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L0 REETNE

- |:z
’
(@]
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g4
1 N
(@]

BB

g

=
N
~’

Amorphous
Herbaceous

Coaly (Inertinite)

Delta13
Organic
in Whol

C PDB of
Carton
e Rock

-30.
-27.
-30.
-28.
-26.

-27.
-25.
-28.
-29.
-28.

-24.
-28.

-31.
-30.

-29.
-28.
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Tables 29 through 42 list the balance of the C,-C;

Previously reported data can be found in MLM-ML-7743-0002
and MLM-ML-77-46-0001, the two earlier reports in this
series. Total C,-C; data for five of the wells examined
to date are presented in Figure 5.

Gas and gasoline-range hydrocarbons are generated from
organic matter at different levels of thermal maturity.
Initially, at low temperature, microbial degradation forms
methane or '"dry'" gas. With increasing time, temperature,
and depth of burial, heavier hydrocarbons are generated.
In the early stages of petroleum formation, gas-oil range
hydrocarbons predominate with associated amounts of "wet"
gas (C2-C, hvdrocarbons) and gasoline-range hydrocarbons.
The content and distribution of C;-C; hydrocarbons is
primarily dependent on three geochemical parameters;
namely, the organic richness, the type of organic matter,
and its level of thermal maturity.

Shales from most of the wells analyzed to date contained
large quantities of C,-C, hydrocarbons, on a relative
basis this was not true for the I-2 and I-3 wells. For the
I-1, 0-1, P-1, VA-1 and I-3 wells, the dry gas, wet gas
and gasoline-range hydrocarbons were uniformaily distri-
buted. The gasoline-range hydrocarbons in the VA-1 well
are exceptionally low, but the lithalogy of the samples
from this well indicated that coal was present in most of
the samples. In the I-2 well, a variation was noted

in the sample at 508 feet. The reason for this variance
is not obvious at the present time. In the KY-2 well, the
hydrocarbons varied significantly throughout the entire
well profile. This is apparently the result of a rich
organic facies being interbedded in a lean organic facies.

The data also indicate that for the most part the majority
of the C,-C; hydrocarbons are released to the headspace

of the sample canisters. The lowest values of release are
recorded for the three Illinois basin wells 0-1, I-2

and I-3. The samples from well O-1 retain the most gas

in the matrix and other investigators (Thomas and Frost,
Third ERDA Symposium on Enhoused 0il and Gas Recovery and
Improved Drilling Methods, Tulsa, August, 1977) have
indicated that samples from the O-1 well contain ultra-
microporous networks which inhibit the diffusiom of
hydrocarbon gases from the material.

The hydrocarbon concentrations that have been reported
are minimum values because the core samples are exposed
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UGR, File #C051/78Ql
TABLEQJY, _pec. 1977
Mound Facility

Detailed C,-C, Hydrocarbon Analyses

Mound Sample No. P-1-1 P-1-2

+d
'

—
[}

(V3]

Isobutane 0
n-Butane 2
Isopentane )
n-Pentane 8
2, 2-Dimethylbutane 0
Cyclopentane 1
2, 3-Dimethylbutane 0
2-Methylpentane 5
3-Methylpentane 3
n-Hexane 13.
4
0
1
0
0
1
0
0

=

-

OWUVMHOOPRPNONMHOMFEOOMAOODOOOOOWNHYOMNO -

- N
OO W
O MNMURNNOAONENSEHHNOFROUNWORANNWNDNWNWL®E

Methylcyclopentane

2, 2-Dimethylpentane

Benzene

2, 4-Dimethylpentane

2, 2, 3-Trimethylbutane

Cyclohexane

3, 3-Dimethylpentane

1, l1-Dimethylcyclopentane

- 2-Methylhexane 4
2, 3-Dimethylpentane 2
1-cis-3-Dimethylcyclopentane 2
3-Methylhexane 7
1 trans-3-Dimethylcyclopentane 2
1 trans-2-Dimethylcyclopentane 4
3-Ethylpentane 1
n-Heptane 15
1, cis-2-Dimethylcyclopentane 1
Methylcyclohexane 5
Toluene 4

OO\HOODNONHOOO\JOOOOO\ONNH\IO

63510.

H
~
o
o))
w

C.-C, Hydrocarbon Content (ppm¥*) 536.

2-methylpentane/3-methylpentane
isopentane/n-pentane
cyclohexane/methylcyclopentane
methylcyclopentane/methyleyclohexane

.73
.50
41
.07

OO O
(O8]
w

N O WO
=~ 0
0

W OO

*ppm values are expressed as volumes of gas per million volumes of
cuttings.
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to the atmosphere for various periods of time prior to
being placed in the sample containers. This exposure

time allows a significant amount of hydrocarbon gases

to diffuse from the core. Although for most samples,

the maximum exposure time is hours, the P-1 samples were
exposed to air for several weeks prior to canning for geo-
chemical analyses.

The organic carbon content of fine-grained argillaceous
sediments such as the Devonian shales is an indicator

of organic richness. Organic matter comprised mostly of
organic detritus is preserved by rapid burial. Alteration
processes such as microbial degradation and thermal
diagenesis transform the organic matter to the complex
heterogeneous material called 'kerogen." Kerogen is
presumed to be the major precursor for oil and gas. As
the sediments become thermally matured, oil and gas are
generated. The amount.of kerogen, expressed as the organic
carbon content, shows the abundance of organic matter which
may be altered to form hydrocarbons. The lower limit of
organic carbon in shales from productive basims is 0.4
percent. The worldwide average of organic carbon in shales
and siltstones is 1.14 percent.

The amount of organic carbon in Devonian shales varies
from location to location (Figure6, Tables 43 through 46).
In general the average organic carbon content of sediments
from the I-1, 0-1, P-1, KY-2, VA-1, I-3 and I-2 wells is
6.77, 8.75, 4.73, 2.04, 1.96, 1.35 and 0.88 percent,
respectively. The organic matter appears to be more
uniformily distributed in the I-1, O-1 and P-1 wells.

The other wells have a significant variation of organic
carbon along their profiles.

Tables 43 through 46 also list the lithologic descriptions
for several of the wells. The P-1 well is described as
being consistently 1007 Argillite, while the VA-1 well is
Shale interspersed with Argillite, the I-2 well is Shale
with a consistent interval of claystone; and the I-3

well interval 1is consistently shale.

Core material was extracted with organic solvent to yield
the C;s+ extraédt or '"bitumen." The bitumen is composed

of hydrocarbon and nonhydrocarbon material. The bitumen

in recent sediments is impoverished in hydrocarbons and
contains mostly nonhydrocarbon material. As the sediments
become thermally matured, increasing amounts of hydrocarbons
are formed. The average worldwide concentrations of hydro-
carbons in shales was found to be 96 ppm.
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Shales from six of the wells were found to contain bitumen
composed mostly of hydrocarbons. The distribution of
hydrocarbons and nonhydrocarbon material extracted from the
Devonian shales of five wells is shown in Figure 7. Tables
47 through 66 list the detailed results not previously
reported. The hydrocarbon portion consists of paraffin-
naphthene (P-N) and aromatic (AROM) fractions. The
nonhydrocarbon material is seperated into asphaltene

(ASPH) and nitrogen-sulfur-oxygen containing compounds
(NSO's). 1In the I-1, 0-1, P-1, I-2 and I-3 wells, the
average hydrocarbon content was 2159 ppm, 2463 ppm, 3332
ppm, 503 ppm and 712 ppm, respectively. The average
hydrocarbon content was 1469 ppm for the KY-2 shales and
approximately zero fro the VA-1 shales. The hydrocarbon
content appears to be related to the organic carbon content
and the kerogen type. In general, shales characterized by
herbaceous-amorphous kerogen, and a high organic carbon
content contain abundant C,s4 hydrocarbons. Sediments
with low organic carbon content and primary or secondary
amounts of woody-coaly kerogen contain low amounts of

Cis+ hydrocarbons. Also evident in these data and
supported by other data is the fact that the western edge

of the Illinois basin is not as rich as the central portion.

In order to assess the hydrocarbon generating capacity

of potential source rocks, the thermal history and its
diagentic effect on petroleum generation must be evaluated.
Vitrinite reflectance (Ro) was used to measure the degree
of thermal alteration of the Devonian shales. This tech-
nique has several advantages over other thermal maturation
classifications. It is an absolute measurement; it is a
rigorous analytical evaluation; and it is a universally
accepted technique. R, values ranging from 0.2 to 0.6
indicate that the sediments are too immature for oil
generation. The zone of petroleum generation is usually
interpreted to range from 0.6 to 1.2. R, from 1.2 to 3.0
indicate a thermal history sufficient to form wet gas and
methane. The severely altered or metamorphised organic
matter represented by R, values greater than 3.0 is consid-
ered as a nonsource for hydrocarbons.

Tables 67 through 70 list the R, values for the P-1, VA-1,
I-2 and I-3 wells. The mean average vitrinite reflectance
value for the P-1 well is 0.71. This value is rather mis-
leading, however, in that the actual values indicate a much
higher average value (0.97) for the shallower sample while
the deeper samples have an average value of 0.46. For the
VA-1 well the average value approached 1 and was fairly
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TABLE 351

Saturate Hydrocarbon Analyses

Normalized Paraffin Distribucion

Mound
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Saturate Hydrocarbon Analyses

Normalized Parsaffin Distribution
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TABLE 61

Saturate Hydrocarbon Analyses

Normalirzed Paraffin Distribution

Mound

%
nCl%

) 3 % 1 ) 3 ) A % % 1 % % ) 3 % 1 1 3 % % % A % %
nClé nCl? 1pl9 nCl3 1p20 nCl9 nC20 nC2l nC22 nC2) nC24 nC25 nC26 nC27 nc28 nC29 nCiO a3l nCl)2 nCi3 nC¥

%

%

Incerval nCl5
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TABLE 66

Saturate Hydrocarbon Analyses

Normalized Paraffin Discribution

Mound

%

Well
Interval nCl5 nClé6 nCl)

Smole

nC32 nC3l} nCl4 nCl5
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nC2?
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nC2) nClé nC25

ip20 nCl9 nC20 nC21 nC22

nCl8
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Number
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consistent downhole. The average value for the I-2 well

is 0.40, while that for the I-3 well is 0.46. These values
are consistent with the previously determined values of

the I-1 and 0-1 wells. 1In both wells the average value

was 0.45. The previously determined value for the KY-2 well
was 0.52. These data tend to indicate that the VA-1

well is the more mature of those examined to date.

Detailed elemental analysis of the kerogen material from
the wells is currently being performed. This analysis
determines the specific carbon, hydrogen, nitrogen, and
oxygen content of the sample. The analytical results
are used to confirm the basic structure of the kerogen
and can also be used to assess the hydrocarbon potential
of the material

The results for the P-1, VA-1, I-2 and I-3 wells are
listed in Tables 71 through 74, respectively. The atomic
H to C ratio for the VA-1 is much lower than those for the
other wells, this would indicate that cracking has occured
and an enrichment of the residue in carbon has resulted.

This is supportative evidence for the fact that the VA-1 well
is more mature.

Currently, all of the detailed kerogen data are being
statistically evaluated in the manner set forth by Tissot
and Foscolos. This evaluation includes the integration
of the kerogen data with other organic and inorganic
geochemical data to statistically evaluate the degree of
diagenesis of the Devonian shales in both the Appalachian
and Illinois basins.

MATERIAL BALANCE ASSAY

Material Balance Assays (MBA's) are being performed on all
the geochemical samples. For the assays approximately

100 grams of well-riffled, representative 4 to 8 mesh
material are heated and degtructively distilled at a
maximum temperature of 500°C, The assay is performed in a
closed system and either helium or nitrogen is used as the
flush gas. O0il and water are condensed in a centrifuge
tube and noncondensable gases flow into an evacuated
receiver. Following the pyrolysis process, the products
are weighed and further analyzed.
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The analyses performed on the pyrolysis products include
oil, gas and water yield; gas compositional analysis;
detailed oil and water analysis; percent post-assay organic
carbon; and percent ash. These studies are designed to
correlate the geochemical analyses with pyrolysis yield.

The MBA product yeilds obtained to date are listed in
Tables 75 through 89. The data in Table 75 show the same
variation as observed in every other geochemical analysis
on the KY-2 well samples. This variation is also observed
in the data listed in Tables 81 and 87. Numerically
averaged, however, the data for the Ky-2 well would indicate
a pyrolysis oil yield of 1.39 gallons per ton of shale,

a carbon transfer ratio of 26.62 and a hydrocarbon gas
yield of 35.67 cubic feet per ton of shale. This gas is
predominantly methane and ethane. The nonhydrocarbon gas
was essentially bimodal distribution, either predominantly

hydrogen sulfide or carbon dioxide or a uniform mixture
of both.

The yield for the P-1 well averaged out to 4.06 gallons

of o0il per ton of shale and 73.35 cubic feet of hydrocarbon
gas per ton of shale. The I-1 well yielded an average of
9.04 gallons of oil per ton of shale and a hydrocarbon gas
yield of 159.7 cubic feet per ton. The oil and gas yields
for the VA-1, I-2 and 1I-3 wells were low.

The nonhydrocarbon gas analyzed after the retorting of the
samples from the 0-1 and I-1 wells was predominantly
hydrogen sulfide. '

In general the material balance assay results are supporta-
tive of previously determined geochemical data.

One of the analysis not yet reported is the elemental
composition of the pyrolysis oil. These data have not been
reported because some discrepancies exist in the determin-
ation of a standard sample. Currently, a sample of oil
analyzed by the National Bureau of Standards and Mound
yielded results statistically different from those obtained
by MERC. Samples of the oil are currently being analyzed

by Mound using several different techniques to determine

the influence of the analytical method on results. Personnel

from our Design and Experimental group are evaluating the
methods and results.
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PYROLYSIS-GAS CHROMATOGRAPHY

Analyses are also being performed on tne bulk organic
constituents of the shale. To date core samples from

the KY-2, P-1, I-1, I-2 and I-3 have been completely
analyzed by pyrolysis gas chromatography. Approximately
100 mg of powdered sample are heated under helium fro%
ambient temperature to 550 °C at a constant rate of 30°C/
minute. The heating of the organic matter in the shale
produces hydrocarbons which are swept by the carrier gas

to a flame ionization detector. The amount of hydrocarbons
generated versus the temperature of generation is displayed
on a recorder. The areas under the curve are computed

by a digital integrator.

Tables 90 through 94 list current results. The calculated
percent value is a measure of convertability of organic
matter to hydrocarbons upon pyrolysis. The Peak II
Maximum Temperature is the temperature at which the maximum
pyrolysis of solid organic matter occurs.

An evaluation of the data indicates the hydrocarbon yields
of 58%, 477, 36%, 36% and 35% for the I-1, P-1, KY-2,

I-3 and I-2 wells, respectively. This means that more of
the organic matter can be converted to hydrocarbons in the
I-1 well and these results are consistent to those
observed in the material balance assays.

The results to date would indicate that in order to
obtain optimum hydrocarbon yields during gas production
of these samples, a heating process will be required not
only for extraction, but also for pyrolytic cracking.

PULSED NMR

The main purpose of the pulsed nuclear magnetic resonance
(NMR) study of Eastern Gas Shales is the development of

a rapid, nondestructive, determination of their fuel
content. This analytical method is base on the fact that
the initial amplitude of the pulsed NMR free induction
decay (FID) signal is directly proportional to the number
of atoms of a particular element or isotope of an element
in the sample.
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Proton pulsed NMR of shale yields the total hydrogen content

of the shale. Any component of shale containing hydrogen

will contribute to the free induction decay signal of proton
pulsed NMR. Thus, hydrogen bonded to carbon atoms in the
organic species, water hydrogen, and other inorganic hydrogen
will contribute to the total NMR signal. Based on the assump-
tion that for a given type of shale the water content is constant,
then the pulsed NMR signal should be directly proportional

to the oil yield or organic content of the shale. 0il yield

is obtained along with total gas effluent directly from the
Material Balance Assay of the shale. Organic carbon is obtained
from wet chemistry and elemental analysis.

Correlations of Material Balance Assay oil yield, organic
carbon content, and hydrocarbon gas yield with proton NMR
spin-counts were performed for 75 samples from the KY-2,
I-1, 0-1, P-1, VA-1, R-109, OH-1 (Glen Gerry), and OH-2
(Logan County) wells.

The data (gal. of oil per ton, % by wt. organic carbon, and
cm® of hydrocarbon gas per gram) are plotted as a function
of proton NMR spin-counts per gram of shale for each well
and collectively in Figures 8 through 10. The correlations
are positive in the sense that the data and NMR spin-counts
increase together. The correlations vary from good (corr.
coeff 0.5-0.9) to excellent (>0.9).

Scatter of the data about the predicted line is mostly
attributed to the variation in water content of the samples.
To minimize this scatter, experiments are in progress to
minimize the contribution of the water protons to the total
spin-count. For example, shale samples are being ground to

a fine powder and heated at low temperatures (100-150°C) to
release water of crystallization and absorbed water. Losses
of volatile organic shale constituents during the grinding and
heating processes do not significantly alter the proton
spin-count correlated with the fuel yield, which is mainly

derived from the relatively thermostable kerogen component
of the shale.

The NMR results have shown in a simple and rapid fashion
that the water content of shales from different samples and
wells is highly variable (indicators are the scatter of
proton spin-counts about predicted correlation lines and
the positive intercepts of the lines).
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The impact of the artifact of the end point scatter on the
actual correlations of the lines is also being assessed.

While systemmatic trends tend not to uncouple the correlation,
large random errors will strongly decouple it.

The NMR results apparently are providing useful information
and show promise for improving the degree of correlation
for more accurate estimates of fuel-yield from NMR spin-
counts for Devonian shales.
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DILATOMETRY

To determine the effects of fracturing and drilling

fluids on the shale, test specimens are being core

drilled from large samples using an air cooled diamond

core drill. The specimens are restrained under load

(~112 psi) in the axial direction, and they are placed

in intimate contact with the various fluids. The

linear expansion is measured by means of an LVDT (Linear
Variable Differential Transducer), which has been
calibrated over the full range needed for these experiments.

The output signal from the LVDT is amplified and contin-
uously recorded and converted to a digital signal, which
can be used to monitor linear displacement as a function
of time.

Typical results from this experiment are presented in
Figures 11 through 13. As the results indicate, samples
exposed to water exhibit the greatest expansion, and those
exposed to kerosene exhibit the least amount of expansion.
The unexpected result was that the shale exposed to

Water and 30% Methanol and 27, KC% expanded more than the
shale exposed to only Water and 2% KCL&.

The basic clay composition of the shale is illite which
adsorbs water when an imbalance occurs between the concen-
tration of ions held at the clay surface and the solute
content of the contacting liquid. The degree of hydration
can theoretically be controlled by reducing the amount

of water base and increasing the electrolyte content of
the fluid. The fluid with the KC{ addition should inhibit
swelling by increasing the ionic level. The fluid with
the KC2 and Methanol additions should further inhibit
swelling by slowing down water transfer. Since the KC&
and Methanol additions have not inhibited swelling as much
as the KC2 addition alone additional studies are being
performed in an attempt to identify this anomaly which

has been consistent in all samples tested to date.

One of the first follow-up studies which was performed

was an examination of the residue which settled out during
testing. Figure 14 shows typical results from this inves-
tigation. Figure 14A is the normal secondary image of the
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residue. Figure 14 B shows the x-ray map for potassium,
and Figure 14C shows the x-ray map for chlorine. A
comparison of these two maps shows some mismatches in
concentration. When a x-ray map was generated for sulfur
(Figure 14D) the pattern matched that of the chlorine
mismatch, indicating a sulfur-chlorine combination, a
corresponding x-ray map for iron explained the potassium
mismatch. These results indicate that a possible reaction
is occurring with the pyrite which is present in the
sample and perhaps this reaction affects the swelling
characteristics of the shale. This type of elemental
combination was not observed in the Water and 2% KC2
residue. This has been the first post-test difference

noted between the samples, and it has been consistent in
the samples examined to date.
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INTERACTIVE DATA MANAGEMENT AND ANALYSIS SYSTEM

To collate the voluminous data that will be generated
during the term of the EGS Program, and to effectively
use and efficiently distribute the data, an interactive
data management and analysis system is required. Some
attributes of such a system are described.

In conjunction with MERC, a prototype data management system
(DMS) which includes the capabilities of data storage,
retrieval, and processing was established for demonstration
purposes. This interactive system contains some of Mound's
Eastern Gas Shale data in a technical data base and is
currently available for on-line demonstrations. Both on-
line and in the batch mode, the system provided browsing
and recursive .search capabilities needed to scan large
volumes of data and to conveniently present data for
analysis and interpretability. In part, these features

are provided through logical, boolean, and arithmetic
expressions which allow the user to modify, rephrase

or narrow his search criterion without restart, so that

a redirected search need not include a retrace of previous
paths. There is no practical restrictions on the size of
the data base. The system allows users to manipulate

their data with the basic system and then to interface

user selected portions of the data with specialized
routines linked with DMA to perform special calculations

or manipulations. The system is easy to use because the
entire two-way ''conversation' between the user and the

DMS is in English. (Mastery of a complex protocol language
is not needed!) For the infrequent user, the system offers
a practical convenience through an on-call instructional
tutorial which is stylized to the user's preferences and
background.

Often, at the inception of a major program, detailed
specifications on format requirements and input media may
not exist. Using the flexibility of the data system,
input routines can be easily generated to convert data
collected prior to completed specifications into selected
DMS input formats. Although the system can interact with
an array of input formats, all are processed through a
common utility program. The system can be used to generate
a variety of reporting formats, each tailored to specific
report needs for various contractors or users. Consequently,
the user is not required to adhere to a rigid format. 1In
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a similar manner, accomodations can be made for unplanned
or unforseen requirements with minimal economic impact.

By use of the computational features of the system,

many important sums, differences, and ratios can be
provided for interpretative purposes. For example, the
prototype system calculated total C;-C,, total C,-C., %
gas wetness (C,-C,/C,-C4), and the iC./nCs ratios.
Furthermore, these computations also minimize data entry
effort, both in a time and dollar sense. Other ratios and
percents provided by the prototype are:

2-methylpentane/3-methylpentane
isopentane/n-pentane
cyclohexane/methylcyclopentane
methylcyclopentane/methylcyclohexane
% paraffin-naphthene (PN)

% aromatic (A)

" hydrocarbon

PN/A

The latter four items are associated with the C; s+ Bitumen
Extract. Collectively, the first four items provide
insight into the maturity of the hydrocarbons.

Many of the data elements in the prototype Eastern Gas
Shale data base require arithmetic manipulations. By

use of arithmetic operators (greater than, less than, equal
to, etc.), the DMS allows searching over ranges of data
magnitudes. This arithmetic manipulation facilitates the
interface of DMS with specialized oytput subroutines in
higher level languages such as FORTRAN. Use of the FORTRAN
Encode/Decode features is supported through use of the
necessary FORTRAN compiler.

The statistical and modelling implications of the Eastern
Gas Shale Program suggest the use of statistical packages
such as SAS and BMD. These can be provided through the
host langua%e (e.g., FORTRAN) extension facility. Other
mathematical packages that provide simple optimization,
data filters, cluster analysis, trend analysis, and plotting
capabilities can be provided without severe economic
impact. All the mathematical resources can be shared

with all the various contractors involved in the program,
at least to the degree that they may choose. These statis-
tical and mathematical software packages can be used to

tie the characterization data with logging data.
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As an example, an extension to the interpretative
capabilities of the data is a system called GEOLOG.
GEOLOG is a synergistic log system that will accurately
integrate the log data on file from the A to D conver-
sion and the geochemical data for the same well. This
system ties together the well log and experimental data
to provide a more accurate representation of the well.

These inputs will serve to produce an accurate synergistic
log system that can be used in future applications with
well log data.

The system equally supports project management and text
files.

For project management files, a variety of search are
available. Some key examples are:

Contractor
Contractor's Address
Principal Investigator
Associate Investigator
Technique/Technology Used
Technical Objectives
Approach

Status

Budget Code

Project Title

Start Date

Funding Agency
Procurement Method
Completed Milestones
Contractor Performance

Through the arithmetic features, annualized budgets
can be divided into a monthly allocation; spending
rates can be computed, projected, and monitored for
under or overrun; monthly expenditure values can be
inserted; weekly, monthly, or yearly updates can be
made; year-to-date information can be provided; mile-
stones can be monitored; and variance flags can be set.
Other provisions also are available for assessment of
contractor performances in an objective manner.

A highly useful feature for a test or report file is

the capability to search on a word without knowing the
complete spelling. The user can specify the first three
or four letters or characters and then fill out the word
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with a default character such as an asterick. A pre-
determined dictionary is not necessary, because each work
entered into the text file becomes part of the dictionary.
Another convenience provided by the system is a display
function that allows the key-word to be read in context
with words highlighted on both sides of the key word. As
a result key-word searches are more rapidly and accurately
executed.

Remote data emtry through cassettes, and/or cartridges,
and remote terminals also is provided by the system.
The data on a cassette or cartridge can be transmitted
over a telephone line or mailed to an entry station.
Entry also can be made via magnetic typewriter cards.
This mode would be particularly useful for a report or
text file. '

In summary, a prototype data base system has been designed,

tested, and implemented. The system provides the flex-
ibility to meet changing and future needs that inevitably
evolve with new programs. The system has already
accommodated a request for format change that came after
an initial format was fixed. It provides enhanced statis-
tical capability for interpretation of characterization
data through logical, boolean, and arithmetic searches

that can be complemented by extensions to higher programming

languages such as FORTRAN. These capabilities can be
readily extended to text and project management files,
including budgeting functions. Security keys are provided
down to the word level. This interactive system contains
some of Mound's Eastern Gas Shale data in a technical

data base, both the technical data base and the project
management base have been demonstrated in the interactive
mode and are currently available for immediate implem-
tation in a multi-user mode.

HYDROCARBON GAS PERMEATION IN DEVONIAN SHALES

In order to provide a meaningful evaluation of Devonian
shale as a gas source for energy generation a study of
the mobility of gases in the shale is necessary. A study
of the permeation of gas through the shale will not only
provide an accurate assessment of inherent gas flow
properties of the shale but eventually should assist in
identifying practical stimulation techniques.
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This study, defined by a series of experimental tasks
will characterize the permeation of hydrocarbon gases in

shale.

1.)

These tasks include the following:

Anisotropic characterization of the permeation will
be determined by taking samples parallel and perpen-
dicular to the bedding planes.

Flow rate data will be determined as a function
of the pressure differential across the sample.

The temperature of the shale will be varied in an
effort to measure activation energies which can
provide insight into the flow mechanisms and
subsequently the stimulation techniques.

Permeation of gas mixtures will be studied. The
resulting data would also include data relating
to sorption and effects of stimulating techniques.

The permeation will be looked at on both the micro-
and macro-scale. Large samples in principle

should give data reflecting the overall permeation
of the shale. However, small samples from properly
sampled areas will be used for homogeneity checks
and for detection of flaws in large samples.

Effects of compressive stresses will be determined
when the testing apparatus is upgraded to stimulate
the in-situ hydrostatic compressive forces present
in the shale.

If the permeation mechanism is molecular, diffusion
coefficients will be measured. Both time-lag and
fast pump down methods will be used to determine
diffusion.

The study also includes computational tasks. For example:

1.)

2.)

3.)

Relationships between the shale structure and
permeability will be investigated by comparing flow
characteristics with SEM analysis of the structure.
Regression and other correlation techniques will

be used.

Analysis of the permeation rates will be made to
provide insight into the permeation mechanisms.

Inhomogeneity variances will be computed.
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The overall method that will be used to measure the
permeability will be to pressurize one side of the shale
with the gas of interest and monitor the concentration

of the gas on the opposite side of the shale. Figures

15 and 16 show the initial test set-up. A cylindrical
sample of shale will be placed in the fixture shown in
Figure 15. The flat sides of the sample will be sealed
against the fixture by two O-rings. After the sample is
in the fixture a sleeve will be used in conjunction with
plastic to seal the edges of the sample. The sample
assembly will be positioned in the test apparatus shown

in Figure 16. After the sample assembly is in place,

both sides of the test apparatus will be evacuated. Puri-
fied gas will be supplied to the reservoir at a pressure
measured by a capacitance monometer. After both sides of
the sample have been evacuated the high pressure side of
the sample will be pressurized with the gas from the
reservoir while the vacuum is maintained on the low
pressure side. The low pressure side of the sample will
be continually monitored with a quadruple mass spectrometer
(@MS) for the gas or gases present on the pressurized

side of the sample. Permeation rate (8) will be determined
by the increase in concentration of the gas or gases above
the background levels (s). Calibration of the quadruple
mass spectrometer will be accomplished by standard leaks.

The magnitude of the gas flow will determine how the
vacuum is maintained on the low pressure side of the

sample and in what manner the QMS will monitor the exit
gas. If the resulting gas flow is too large for operations
of the ion pump, the diffusion pump for the high pressure
side of the sample will take over and the ion pump will
back up the QMS which will monitor the emitted gas

* through capillary tubing.

The design of the initial test set-up has been completed
and the present effort is concentrated on assembling the
testing system.

To ensure continuity in the generation of a data base for
this study, an effective measurement control program is
necessary. A control program will be utilized to determine
whether observed deviations are due to systematic or

gross random effects. The spacing of measurements with
respect to time, temperature, and other relevant parameters
will be calculated from experimental design models. 1In
this manner maximum information can be extracted from the
experimental data, especially with data required to

compute rate values and activation energies.
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METHANE ABSORPTION IN DEVONIAN SHALES

A study has been initiated to determine methane absorp-
tion and desorption in Devonian shales. This study has
been designed to determine the effects of pressure,
organic carbon and oil yield on the absorption of methane
by the shales.

The initial experiments will concentrate on samples from

the KY-2 well. The details of these samples are listed
in Table 95.

The experimental procedures that are being used in this
study are essentially identical to those described by
Matta et.al. (BM-RI8243). Four measuring stations have
been assembled for the study. The general arrangement
of the experimental apparatus is shown in Figure 17.

Measurements have been completed at 100 and 200 psig,
and charging is in progress for the 300 psig run.

All data are considered preliminary. No corrections for
barometric pressure variations or room temperature flucua-
tions have been applied. The lost gas, that portion lost
during the pressure release part of the measurement, has
not yet been evaluated.

All corrections are expected to be small except the lost

gas correction which will be significant. It is believed
this factor will be best estimated when all measurements

are completed.

The data for the 100 and 200 psig runs are plotted in
Figures 18 through 21 for the four shale samples and a
composite plot of gas released versus organic carbon

content is given in Figure 22. The change in rate observed

in Figures 18 through 21 is consistent. The reason for
this change has not been established at this time.

Currently, the 300 psig runs are being completed. These
runs will then be repeated and gas samples will be
collected at different time intervals during the runs to

evaluate the composition of the gas being released from
the shale.
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FIGURE 17

Methane Absorption is determined
using this typical experimental
set up.

164



e s ¥

Uct.=Dec., .97/
‘Mound Facility

Gas Release, cm®/gm

bt = = by = - w s
0.8 3 B e L] g g -
"xxx
Sample KY-2-2
Y3 <
* =
P =
> *
b x
2!.“ x x
Y.
x »
>
*
4g.ag+ * >
P
Y
-
i
3 " "
3
* P
62 .29+
< x
» b
¢ x
x >
80.9@¢ S | o
»n N b 8
'8 g
[T /]
o > 00
x
198, gad >
FIGURE 18

165



UGR File #C051/78Ql
- Oct.-Dec. 1977
Mound Facility

Gas Release, cm’/g

= = = o = m = oy
3.2 2 & & 5 2 g
R
3 % Sample KY-2-9
&
x X
x X
x X
b b9
20. 281 x 5
x
X
Y
Py
y@.88¢ x X
.
et >
N
Zl x X
=]
)
; x X
&8d.8d+
x x
* b4
b
o *X
xN
o
4 > =
83.88 gl
)
x P
x
S
x S
» T
/5]
H~
192.3m x T°

FIGURE 19

166



e 4B B0

28.88¢

v

v

184, aa-
.

O ST B tUN - LU IR O
Oct.-Dec. 1877
Mound Facility

Gas Release, cm®/g

aLe

= - - = o =
5 ¥ ¥ & @
)is%i Sample KY-2-34
%%
> X
x X
x X
> >
>
x
>
>
> >
>
>
b%4 >
b 4
x >
X x
S
X.U x
[/,]
g b
>
N
o
x O
x5
H.
xUQ
FIGURE 20

167



UGR File #C051/78Q1
.Oct.-Dec. 1977
Mound Facility

Release, cm?/g

; = i - M sa o=
? "82& > + L
!
|
Sample KY-2-51
) > >
1 x x
Y x x
‘, 28.88¢ < x
| >
N x x

! b4
) b 4
ya.gas x
x
. > '
m-l
x
g >
=
L > >
63.208+
> b4
b b 4
* *
b
o
5 g 284 *x o x
‘ 3
: X - >
o
X3
o
g
73]
> -
| =
190, 8a+ *
FIGURE 21

168



UGR File #CQ51/78Q1
Qct.<Dec. 1977
mouna Pacility

Specific Gas Release, cm’/g

Specimen No. Ky-2
-9 -51 -34 -2
1.067

PSIG

(e |

;,200

0.564

100

0.00 S.U' 16.0

Percent Organic Carbon

FIGURE 22
GAS RELEASE VERSUS ORGANIC CARBON CONTENT

169



UGR File #C051/78Q1
Oct.-Dec. 1977
Mound Facility

Although some good model fits have been attained, it is
premature at this time to assign a rate mechanism. The

data at 300 psig, now in progress, will help resolve the
mechanism.

MECHANICAL TESTING

Mechanical testing of the available samples from wells
KY-2, VA-1, I-1 and I-2 has been completed. The avail-
ability of integral samples of the proper size still
remains a problem. Many of the samples received for
physical testing are not the proper size nor are they
integral. Some of these samples have been received

" in as many as six irregular pieces. Because of the lack
of proper samples it has not been possible to perform
detailed studies on the samples.

The mechanical testing results for the samples from
wells KY-2, O-1 and I-1 are listed in Table 96. No
specific trends have evolved from these data. The
results for the samples from the VA-1 well are listed
in Table 97. Some of the samples from this well were
of sufficient size and consequently point load tests
and splitting tensile tests in both the maximum and
minimum stress directions were possible. The results

of these tests showed significant differences in breaking
tensile strength.

The samples from the I-2 well were of sufficient size

to provide for point load tests and splitting tensile
tests in the maximum stress direction. As shown in

Table 98, testing in the maximum stress direction resulted
in low splitting tensile strength values.

The data from the mechanical tests are currently being
statistically analyzed to determine if any relationships
with the companion geochemical data evolve.

The samples from the I-3 well are of sufficient size to
permit multiple tests. These tests are currently in
progress. They censist of sonic velocity, point load
and splitting tensile tests. As part of this series of
tests, the effect of sample geometry on the sonic
velocity results is being evaluated. In this evaluation,
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TABLE 96

1977

Splitting Tensile

Data for the KY-2, 0-1 and I-1 Wells

Well Mound Sample No. Shore Hardness (§h) Strength (M Pa)
KY-2 KY-2-1 19.00 3.265
: KY-2-3 16.30 2.031
KY-2-5 15.40 1.166
KY-2-10 13.40 1.523
KY-2-12 15.88 3.493
¥Y-2-17 15.20 1.133
KY-2-22 10.65 1.384
KY-2-30 8.58 0.849
KY-2-43 15.50 1.614
0-1 0-1-2 22.20 3.574
I-1 I-1-3 17.85 2.175
I-1-10 17.90 1.624
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TABLE 97
Mechanical Test Data for the VA-1 Well

Splitting Tensile

Mound Sample No. Shore Hardness (Sp) Strength (M Pa)
VA-1-1A% 9.80 1.518
- VA-1-1B* 9.80 2.277
VA-1-3A 12.30 0.785
VA-1-3B 12.30 2.911
VA-1-5 8.35 2.847
VA-1-7 14.50 3.105
VA-1-9 11.60 1.214
VA-1-10 9.50 1.008
VA-1-14 14.00 2.613
VA-1-16 15.70 1.937
VA-1-19 7.80 1.641
VA-1-19R** 7.80 1.681
VA-1-20 9.95 1.243
VA-1-28A 8.15 0.548
VA-1-28B 8.15 0.722
VA-1-31A 19.85 1.631
VA-1-31B 19.85 3.035

*A designates sample tested in maximum stress direction.
B designates sample tested in minimum stress direction.

** Duplicate sample tested in same direction.
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TABLE 98

Mechanical Test Data for the 1-22 Well

Splitting Tensile

Mound Sample No. Shore Hardness (éhlA Strength (M Pa)
1-2-1 10.35 0.744
1-2-4 11.55 1.160
1-2-13 9.60 0.851
1-2-15 9.65 1.070
I-2-17 9.40 0.994
I-2-19 13.45 0.713

All samples were tested in the maximum stress direction.
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the results obtained from round, disc-type specimens
are being compared to those obtained from specimens
that have sides that have been machined flat. The flat
surface provides good detector contact and is the most
ideal for sonic velocity measurements. The results
from this study will provide insight into the accuracy
and precision of data obtained from the normally tested
round specimens.

The gases released from the samples during the splitting
tensile tests are being monitored using a quadrupole
mass spectrometer. Typical results for the samples

from the KY-2 well are shown in Figures 23 through 29.
In these figures, the solid spectrum overlayed on the
line trace spectrum represents system background,

while the line trace spectrum represents the gases
present immediately upon fracturing. The predominant
trends observed in these samples were either no gas
release or the release of nitrogen, water vapor and
trace quantities of oxygen. These Observations were
supportative of the gas release data determined in

other experiments. These data indicated that the
significant quantities of hydrocarbon gases were already
released to the head space volume of the sample
containers. Sample KY-2-43 (Figure 29) was somewhat
different in that higher order hydrocarbon gases were
released upon sample fracturing.

Typical results for the samples from the VA-1 well are
shown in Figures 30 through 36. These results are pre-
sented in line trace spectrum format because there was
essentially no change in spectra when the samples were
fractured. The only changes which were observed were
for helium and water; the background traces of these
species are indicated by solid spectrum traces. The
significant quantities of helium which were observed

in the spectra were the direct result of sample handling.
All the VA-1 samples were maintained in a helium atmos-

phere prior to test and obviously the helium was absorbed

by the samples during storage and sample preparation and,
consequently, was released during fracture.

Sample spectra for the I-2 samples are shown in Figures
37 through 40. The A spectra present the system back-

ground, while the B spectra represent the spectra obtained
during fracture. For Sample I-2-1, there was a very little

change in spectra, while the other samples indicated a
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dramatic shift from what had been observed in previous
samples. This shift indicated that at fracture,
nitrogen and oxygen were absorbed by the sample and
water vapor was outgassed. This observation is being
investigated further especially in light of the data
that were obtained during the mass spectrometer analysis
of the sample container headspace gas.

Another experiment that is in progress is one in which
the effects of moisture on the mechanical properties

are being evaluated. The first test conducted in this
experiment involved sample KY-2-1. This sample was cut
into three specimens. The first was tested in the

normal nammer, while the second was exposed to a relative
humidity of 44.4% for a period of six weeks prior to
test. The third sample was exposed to 100% relative
humidity for the same period of time. The mechanical
test results for these samples are shown in Table 99.
These results indicate that the sample exposed to 44.47%
relative humidity had an increase in splitting tensile
strength, while the one exposed to 100% relative humidity
suffered a significant decrease in splitting tensile
strength. The Shore hardness values of both samples
decreased to approximately the same value (Table 100).
The sample exposed to the 100% relative humidity increased
in weight, while the one exposed to 44.47% relative
humidity decreased in weight. )

These preliminary results show that moisture exposure
significantly affects the mechanical properties of the
samples and as larger samples become available this
study will be pursued further to better characterize
these effects.

SEM ANALYSIS

As-received samples from the VA-1, P-1 and I-2 wells

have been examined. Pyrite was again found in several
forms as illustrated in Figures 41 through 44. The pyrite
concentration for all three wells was much greater than
that previously observed in the KY-2 samples.

The fracture surfaces of the VA-1 and I-2 samples are
fibrous and loosely packed (Figures 45 and 46).

1
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TABLE 99

Mechanical Test Results for
Samples Exposed to Moisture

Splitting Tensile

Sample Relative Humidity Strength (M Pa)
KY-2-1 Control 3.265
KY-2-1A 44 .47 3.792
KY-2-1B 100% 2.201
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FIGURE 41

High concentrations of small loosely packed
euhedral grains of pyrite were deposited in
natural fractures in the samples from the

I1-2 well. Spherical agglomerations of pyrite
were also interspersed in the pyrite matrix.
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FIGURE 42

Large euhedral grains of pyrite were also
tightly embedded in the matrix material of
the I-2 samples.
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FIGURE 43

High concentrations of small euhedral grains
of pyrite were also found in the natural
fractures of samples from the VA-1 well.
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Larger, isolated euhédral grains of pyrite
were also loosely embedded in the matrix

material of the VA-1 well.
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FIGURE 45

The matrix of the VA-1 samples was predominantly
fibrous in nature.
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FIGURE 46

The matrix of the I-2 samples was also
predominantly fibrous in nature.
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L ol PN P IO S T

ine samples from the I-2 well possessed calcite
concentrations. The most significant concentration
was observed in Sample I-2-19. A large concentratic.
of calcite crystals was embedded in the sample matrix
(Figure 47). The crystals had a wide size range dis
tribution (Figure 48) and were well formed (Figure 4-).

BIOSTRATIGRAPHY

A palynological investigation was carried out on 55
samples of core material from the 0-1, P-1, KY-2, and
VA-1 wells. Using a combination of spores and acritar h
it was possible to divide the Middle Devonian from the
Upper Devonian and to make subdivisions within the Middle
and Upper Devonian.

A completé report of this study has been prepared and
is currently being printed and assembled.

ARCHAEOLOGICAL SURVEY

A preliminary archaeological survey of proposed gas

well locations in Green Township, Scioto County, and
Elizabeth Township, Lawrence County, Ohio, was completed.
A letter requesting a determination of effect was sub-
sequently submitted to the Ohio Historical Preservation
Office which agreed with the results and recommendations
of the survey.

The complete report of the survey has been prepared and
is currently being printed and assembled.
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FIGURE 47

L'A high concentration of calcite crystals
was embedded in the matrix of Sample I-2-19.
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FIGURE 48

The calcite crystals found in sample I-2-19
were randomly distributed in size. The
large crystals had numerous fractures.
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FIGURE 49

The calcite crystals were extremely well defined.
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