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Abstract !
This report is the second annual report for contract EY-76-S-05-51597
on thg Hydrocarbon-.-Shale Interaction at Juniata College covering the period
. from October 1, 1977 through Septembér l30,. 1978. - The work vaccolmp!'ished Is
_ reported In detail in progress reports #7,8,9,10 (ORO—5197—7,8,9!,10) . 
Table | and Table Il summarize the data detérmlned for each sample
measured during the year. Table lll is a statistical summary of the averages,
maximum, minimum values of each parameter along wlith 'iﬁelr % variation from
sample to samble. Included also are brief summaries of twoApapers .presented
during the year.
Details regardlﬁg methods of measurement, uncértainty ofvmea‘surement,

along with the text of the full papers, is included in the four quarterly reports

presented over the time period of the contract.
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The Concept of Specific Degasibility and lts Application to Gas Bearing Tight

Formations as Represented by the Devonian Shales of Appalachia.

f
l

This report examines the various possible parameters for reporting the
ability of shales to hold gas and the rate of travel of gas through shale. Permeabili-
ties and porosities are the standard parameters utilized in this regard but these
parameters have shortcomings that limit their appl’ication to shalé.. Itis suggested
that porosity be replaced by the "model free" concept of an isotherm wherein thca//"
reported duantity is the amount of gas sorbed per unit volume of shale per unit
change fn pr;essure. The reason for the suggestion is that the amount of void
space in the shale is not @ measure of the capacity of the shale for methane.

The rate that bulk shale degasses upon undergoing a pressure change is a
~ function both of its permeability and the capacity of the shale for gas according to
the following equation for a step change.

1 d

L
1 _ 28D 2< ) )t-lg
A dt ﬂ? Py = Py

2

where A is the area of the rock, P, is the initial equilibrium pressure, Po is the

final pressure, tis time, D is the diffusion constant, S is the solubility of methane
d. . , ’
in rock, and 3¢ is the rate of production. The suggestion is to compile G =

[Nl

25D
1

.

P

AN

as the quantity and give it a separate name. Various implications of these éuggestions

are explored. For example, the permeability (K) is related to G by K = 12_8_1]

where 1T is the viscosity.
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The Estimation of Reserves in Tight Shales !

The isotherm and degassing properties of shale as measured in a I?abolratory
environment are used to make two estimates of the expected reserves/square
fnlle/] ,900 feet thicknéss of shale. The first estimate Is to use the isotherm proper-
ties of m;.-:-thane in shale in conjunction with estimates of the equlllléri&m pressure
of methane in shale to obtain an estimate of the total gas In place of about
100 x 10 8 MCF/square mile/1,000 feet thicknéss. The second step was a Kinetic 4
calculation wf;uic.h estimated the amount of this gas that would, in fact, be accesslblé.
Assuming an average fracture spacing of 100 feet, fhe_ amount of récoverable gas

would be about 2% of the above value over a 100 year period based on this calculation.



Data Summary

Table |

Explanation of headlngs
Well 1D - EbSP# when possible. Others as follows:
" Brown - Belmont County, Ohlo
Dawson - Richland County, Ohio
Egner - éichla'nd County, Ohio
Romlg - Richland County, Ohio
Warn - Chatauqua County, ‘New York
Density B;Jlk - density measured using toluene as displaclﬁg fiuid.
Isotherm Slope - volume of gas sorbed into rock (STP) per unit volume rock
' per torr pressure. |
‘BET Area - volume of nitrogen (STP) calculated from BET equation r;equlred
G- : Specific degasibility.' Volume of gas (STP) released frqm'a

sq cm of rock surface per (sec)% per torr of discontinuous-

-
e
[

pressure drop.
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Data Summary

Table Il

Explanation of headings
Well I D
Brown - Belmont County, Ohio |
“~  Dawson - Richland County, Ohio
Egner - Richland County, Ohlo - ’
Romig - Richland County, Ohlo | .
Warn - Chatauqua County, New York
D‘lffuslon Constant - calcu Iatgd from degassing data. Expressed in ém?/é_ec.
Denélt’y, Hellum - density found using hellum as the displacing fluid. = |
Net Methane Sof‘pthn - The amount of methane that must i;e in solution In"
kerogen, or adsorbed onto surfaces expressed in volume
sorbed/volume rock/torr pressure.
Permeability - EXpressed in darcies.
Apparent Porosity = Calculated in the standard manner from helium and methane

isotherms. These numbers do not, however, reflect actual void™
. al

_ //
. spaces in the shale. o
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TABLE III.

Parameter

SUMMARY STATISTICAL INFORMATION OF TABLE II ‘

)
\
H

Sigma

Minimum Value Maximum Value Average Value (% of Average)

Bulk Density

Isotherm Slope (Helium)
Isotherm Slope (Methane)
BET

G (Methane)

G (Nitrogen)

Diffusion Constant (Methane)
Density (Helium)

Net Methane Sorption
Permeability (Darcies)
Apparent Porosity (Helium)

Apparent Porosity (Methane)

2

1

.35
.98E-06
.03E-05
.306
.21E-09
.40E-09
.51E-10
43
.91E-06

.00E-13

.83

3.

2.

2

3

2

18

64E-04

.94E-03
.3
.12E-04
.38E-04
.OéE-OA
.20
.88E-03

.43E-06

20.0

223,

14

2.

6

30.

62

.90E-05 '
.96E404'
.11
.08E-06
.60E-06
.38E-06
.76
.31E-04
.77E-08

.25

1

4.44
61.2
93.9
89.4

950. ’
251

661.

109,
822.
61.2

93.9





