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Abstract. The paper presents a method of choosing the design of
horizontal coalbed methane well by estimation of a coal seam permeability
on the results of one-dimensional and two-dimensional geomechanical
modeling. The differences in the preparation of one-dimensional
geomechanical models of coalbed methane fields from models for
conventional oil and gas fields are noted. The results of preparation of one-
dimensional geomechanical model based on data from one of the vertical
exploration coalded methane wells and two-dimensional geomechanical
modeling of coal seam for three common designs are presented. The
obtained results allow us to conclude that geomechanical modeling is a
suitable tool for estimation of coal seam permeability changes and
choosing the most effective well design for the considered mining and
geological conditions. In particular, in the coal seam under study, a
multilateral well can cause the greatest increasing of permeability.

1 Introduction

1.1 Relevance of the study

The gradual depletion of oil, gas and gas condensate reserves is already forcing the industry
to pay attention to those hydrocarbon sources that belong to the category of hard-to-
recover. Thus, the geological history of the formation of coal deposits around the world
shows that the process of coalification is inextricably linked to the generation and
accumulation of gas. Huge resources of gas in unrelieved coal seams and the content of
methane in them more than 98% allow to consider it as an individual mineral resource
suitable for commercial production [1-3].

Commercial production of coalbed methane (CBM) by wells from surface has been
under way in most countries since the 1980s, covering not only fuel requirements, but also
allowing coal deposits to be prepared for subsequent safe coal mining by early degassing.
As for the Russian Federation, the first CBM field was launched in Kuzbass in 2010, and in
2011 CBM was included in the all-Russian classification of minerals and groundwater.

In world practice, CBM production is carried out mainly by vertical and directional
wells, which are not characterized by high gas rates [1]. The need to increase the drainage
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area in order to achieve higher production rates has led the CBM industry to the widespread
use of in-seam horizontal wells [2, 3]. However, the resulting gas rates in the
implementation of various designs of such wells vary significantly in most sources, which
requires some scientific substantiation for their use in the existing mining and geological
conditions.

1.2 Purpose and objectives of the study

In the world experience for determination of target coal seams for drilling of horizontal
wells the statement that low-permeable coal seams with a thickness more than 1 m are
candidates for horizontal drilling is used [1]. But this criterion does not take into account
the fact that the stress-strain state acting in the rock massif can have a significant impact on
the most important parameter of the coal seam, which provides the possibility of extracting
desorbed gas — its permeability [1, 4]. Thus, in order to provide a scientific substantiation
for the use of a particular type of horizontal CBM well, it is undoubtedly necessary to
develop a technique that takes into account the stresses acting in the coal seam.

The purpose of this study is to prepare and test a technique for estimation of
permeability of a coal seam penetrated by a horizontal well, using geomechanical modeling
methods as a common tool for the study of stress-strain state. To achieve this goal, the
following tasks were performed on the example of one of the real exploration CBM wells:

- determination of the stress-strain state of the coal seam in-situ by one-dimensional (1D)
geomechanical modeling;

- two-dimensional (2D) modeling of the coal seam stress-strain state for various horizontal
well designs;

- estimation of the permeability of the coal seam on the results of 2D geomechanical
modeling.

2 The study methodology and input data

2.1 Determination of in situ stresses

The main components of 1D geomechanical models, such as pore pressure, geostatic stress,
minimum horizontal stress, maximum horizontal stress and its orientation in space, are
determined based on the analysis of literature and patent sources. Let us consider the
proposed procedure and features of the model preparation on the basis of a standard set of
tests for CBM wells.

Pore pressure for CBM fields, usually measured only in the intervals of coal seams to
determine its reservoir properties as part of hydrodynamic tests. In this regard, the most
suitable option is to calculate the hydrostatic pressure and determine the average percentage
deviation from the reservoir pressure according to the results of hydrodynamic tests,
followed by the correction of the curve.

The simplest component of the model is geostatic stress, which characterizes the weight
of overlying rocks and is determined by integrating the density of these rocks, determined
by the results of density logging.

On the contrary, the most difficult stage of preparation of the model — the construction
of horizontal stress curves, performed using equation (1) [1, 5, 6]:
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where ¢, — minimum horizontal stress, MPa; v — Poisson ratio; o, — geostatic (vertical)
stress, MPa; a — Biot’s constant of poroelasticity (~1); P — pore pressure, MPa; o; — tectonic
stress, MPa.

On the basis of this equation, without taking into account tectonic stresses, it is
necessary to calculate the profile of the minimum horizontal stress. Then according to the
available pressure values of fractures closure (according to microfracturing or injectivity
tests) to calculate the tectonic stresses in the studied intervals. The resulting trend is quite
suitable for adjusting the initial horizontal stress curves.

As for the maximum horizontal stress, the best option is to determine the anisotropy
coefficient of horizontal stresses according to seismic studies. Also, the results of seismic
studies allow to determine the direction of coal cleats. The fact that the main cleavage of
coal seams extends in the direction of the maximum horizontal stress [1], allows us to
obtain the final data for the construction of 1D geomechanical model — the azimuth of the
maximum horizontal stress.

In Table 1 the obtained values of the parameters of a 1D geomechanical model made for
the target coal seam as part of this study according to the research of one of the vertical
exploration CBM wells are given.

Table 1. Parameters of 1D geomechanical model for target coal seam.

Parameter Unit of Value
measure
Pore pressure P MPa 7.869
Geostatic stress g, MPa 19.195
Minimal horizontal stress oy, MPa 9.269
Maximum horizontal stress oy MPa 11.771
Orientation of maximum horizontal stress degree 317

2.2 Modeling of stress changes

The next step is the implementation of 2D geomechanical modeling of the target coal seam
with different designs of horizontal wells. For Fig. 1 the most common in the world practice
variants of systems of horizontal CBM wells with vertical drainage wells [2, 7, 8] are
presented for modeling as part of this study.

Fig. 1. The considered realization schemes of systems of horizontal CBM wells (from left to right):
U-shaped, U-shaped system, multilateral well (1 — horizontal well, 2 — vertical well, 3 — laterals, 4 —
considered cross-section planes).

The length of the horizontal section in coal seam in all cases adopted 600 m, main
borehole is cased steel perforated liner diameter 0.1143 m. In the case of multilateral well
borehole is not cased. Also for the subsequent modeling the assumption about strictly
horizontal orientation of horizontal wells is accepted, though in practice presence of some
bias towards a vertical well for drainage is required. It was decided to neglect cavernosity
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of the boreholes, the angle between the boreholes of the U-shaped well system was adopted
18 degrees, between the main borehole and the laterals of the multilateral well was adopted
9 degrees.

2D geomechanical modeling is proposed to be carried out in the cross-section planes
perpendicular to the horizontal axis of the considered well systems. As shown by the results
of information retrieval, this approach is successfully used in the study of effective zones of
influence of degassing wells on coal seams [9, 10].

2.3 Estimation of permeability changes

Equation (2) is used for estimation of coal seam permeability changing [4]:

i — e—aCf(a—ao) , (2)
kq

where k/ko — ratio of the permeability of the coal seam at the current stress to the initial
permeability of the coal seam; o — coefficient of sensitivity of the coal seam to stresses
(~3); Cs— coefficient of compressibility of the coal seam (~0,058 MPa™); o — current stress
acting on the coal seam, MPa; gy — initial stress, MPa.

Accordingly, at values k/ko=1 there is no change in permeability, at k/ko<l there is a
decrease in permeability, at k/ko>1 a zone of increased permeability is formed.

3 Results and discussion

For Fig. 2 the obtained pattern of stress distribution in a coal seam with a single U-shaped
horizontal well and the results of its permeability estimation are presented. As can be seen
from the results, significant relieving zones are observed at the side walls of the well. It is
noteworthy that these zones are not adjacent to the horizontal borehole and are separated
from it by a small sealing zone. In this case, taking into account the flat occurrence of the
seam, the results can be extended to the entire horizontal section of the well.
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Fig. 2. Results of geomechanical modeling and estimation of coal seam permeability for U-shaped
horizontal CBM well.

For 2D geomechanical modeling of a coal seam with a system of U-shaped CBM wells
and multilateral CBM well were first selected cross-sectional planes in the areas of the
intersection of the boreholes and, accordingly, the most significant changes of stress-strain
state. Further, the calculation was made in increments of 0.5 m to the limit distance at
which the pattern of stress-strain state distribution changes significantly.

The main results of modeling and estimation of permeability of the variant with the
system of U-shaped CBM wells are presented in Fig. 3. In this case, relieving zone with a
significant spreading area observed in the maximum rapprochement of the wellbore.
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Similarly a single well, this areas is separated from the walls of the wells with compression
area. At a distance of 1 m and further from the plane of junction of the boreholes, this effect
is significantly attenuated due to the formation of a large sealing zone between the

boreholes.

Fig. 3. Results of geomechanical modeling and estimation of coal seam permeability for two U-
shaped horizontal CBM wells in the plane of boreholes junction (top) and after 1 m on the horizontal
axis of the wells system (bottom).
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Finally, Fig. 4 the main results of geomechanical modeling and estimation of
permeability of a coal seam with a multilateral well are presented.
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Fig. 4. Results of geomechanical modeling and estimation of coal seam permeability for multilateral
CBM well in the plane of boreholes cutting-in (top) and after 2,5 m on the axis of the main borehole
(bottom).

Despite the fact that in the plane of the articulation of the boreholes there is a fairly
extensive sealing zone (due to the concentration of stresses in the places of boreholes
junction), after 1 m there is the appearance of significant zones, relieved from stresses,
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confined to the main and additional boreholes. These relieving zones can also be observed
in Fig. 4 (below), which presents the results of modeling the plane through 2.5 m along the
axis of the main borehole from the plane of the boreholes connection.

It is noteworthy that in the case of laterals there is no compression zone adjacent to the
borehole. Most likely, this is due to the absence of casing in the laterals, which in the
opposite case cause rock compaction (which is confirmed by the results of modeling of the
main wells in all the considered variants).

Summarizing the results of geomechanical modeling and estimation of coal seam
permeability changes, it can be concluded that in the studied geological conditions the
greatest increase in permeability will cause the construction of a multilateral well. It can
also be assumed that the increase in the number of laterals will cause additional relieving of
the rock massif from stresses and increase the permeability of the target coal seam.

4 Conclusions

The results of the study show that geomechanical modeling is a suitable tool for estimation
of change in the permeability of the coal seam and choosing the most effective for the
considered geological conditions of the design of a horizontal CBM well. For example, in
the coal seam under study as part of this work, the greatest increase in permeability can be
caused by the construction of a multilateral well. The obtained result is due to the absence
of casing in the laterals, which contributes to the coal seam decompression in these areas. In
the future, it is possible to continue research in the part of geomechanical modeling of a real
horizontal CBM well with subsequent comparison of the results with the parameters of its
production.
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