Proceedings of the 1993 International

Coalbed Methane Symposium

The University of Alabama/Tuscaloosa
May 17-21, 1993 '

9361

Amoco Production Company

Effective Cleat Porosity & Cleat Geometry
from Wood’s Metal Porosimetry

L.J. Pyrak-Nolte, G. M. Haley, University of Notre Dame; and B. W. Gash,

= " MaY 1721, 1993
BIRMINGHAM, ALABANA

1 ABSTRACT

The cleat porosities of two coal cores from the San
Juan Basin were investigated using several different
techniques among several different laboratories. The
coal cores were drilled along two orientations:
perpendicular to the bedding planes, and parallel to the
bedding planes (parallel to the face cleat). For these two
coal cores, we found that the effective cleat porosity,
defined as the percent volume of interconnected voids,
depended on the orientation of the coal core. The
orientationally-dependent porosity is a consequence of
the direction of flow, chosen to be parallel to the axis of
the core. The porosity was greater for the core drilled

that effective cleat porosities for these coal cores were
much less than 1%. The core parallel to the bedding
plane had a lower porosity but a higher permeability
than the perpendicular core. This apparent paradox
was explained using a Woods Metal injection
technique. - We found that 72% of the effective cleat
porosity in the parallel core was contained in cleats
with relatively large apertures greater than 2 microns.
In the perpendicular core, only 36% of the effective cleat
porosity was contained'in apertures greater than 2
microns. The flow paths consisting of the largest
apertures dominate and control the flow through the
sample.

INTRODUCTION

Coal seams contain some of the richest known
reserves of potentially recoverable natural gas.
Evaluating the potential yield of gas from coal seam
reservoirs requires an accurate determination of the
effective cleat porosity of the coal. Absolute porosity of
a porous material is defined as the percent of the bulk
volume of the material occupied by voids,i.e., the ratio
of void space to total bulk volume. Effective porosity,
by contrast, is the percent of bulk volume-occupied by
interconnected pores. While porosity is an intrinsic
property of a rock, effective cleat porosity will be an

perpendicular to the bedding planes. Overall, we found |’

- measurements of coal porosity have been made on

extrinsic property of the coal because the direction of
flow will determine which pores are interconnected to
the inlet and the outlet. Effective cleat porosity is
important for determining the relative permeability of
gas and brines that are often present in coalbeds, While
the absolute porosity of coal ranges between 4.1% and
23.2% [1] the effective porosity from the network of
cleats in coal is expected to be much lower [2]. Most

powdered or crushed samples which do not retain any
of the features of the cleat network. The porosity of coal
is usually determined using techniques such as gas
adsorption (nitrogen, carbon dioxide}, helium
displacement, or mercury penetration. The values of
porosity determined by these techniques vary because
the measured porosity depends on several factors.
These factors include: the particle size of the coal, the
range of pore diameters in the coal particles, the
molecular dimensions of the penetrant fluid, the
degree of interaction between the penetrant fluid and
the coal (i.e., swelling and surface effects}, and the time
allowed for fluid penetration. Discrimination between
micro- and macro- porosity of the coal is possible by the
proper choice of penetrant fluid (e.g., nitrogen versus
mercury), However, because these methods are not
generally applied to coal drill cores, not much is known
about the porosity of the cleat network.

Gash's work [1, 2] on several coal cores from the San
Juan Basin uging the unsteady-state method (USM) has
yielded effective cleat porosities ranging between 0.19%
to 0.59% depending on the effective pressure the core
was subjected to and on the orientation of the core
relative to the bedding planes {Table 1). Standard
techniques for porosity determination in conventional
core analysis [4, 5] include techniques such as
gravimetric measurements and gas expansion
techniques. Traditional techniques, such as helium
displacement, are unreliable when applied to coal drill |
cores because the experimental error is of the same
order of magnitude (+ 0.2%) as the values of.effective
cleat porosity. In addition, helium porosimetry
methods yield the total porosity of the coal core because
the helium can access all the voids in the coal core, not |
just the voids in the cleats.
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