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Preface

In honor of the opening of China International Conference on Coal Mine Gas Control and
Utilization. we have compiled and now publish papers of all speakers -- The Proceedings of
China International Conference on Coal Mine Gas Control and Utilization, which will represent
the achievements that we poo!l for this event.

Themed “Relying on Technological Innovation to Strengthen Mine Gas Control”, and in
connection with gas-related researches and experiences of Huainan Mining (Group) Co. . Ltd. ,
the conference will facilitate exchange of technologies and achievements from China and abroad
and explore new approaches and methods to solve gas problems. providing support {or enhancing
mine gas control and utilization in China.

We have received more than 20 papers from main coal producing countrics around the world.
which are authored by experts, scholars and executives in the domain of coal mine gas prevention
and control. Focusing on the Conference’s theme, they have expressed their views freely and by
combining theory with practice, raised a lot of thoughtful perspectives and ideas. The papers are
related to the seven aspects as [ollows: mine gas drainage and co-extraction of coal and gas.
monitoring and prevention of coal/gas outburst, technologies of prevention and control of gas/
dust explosion and mine fire, technologies of mine ventilation and gas utilization, mine risk
assessment, mine gas utilization and greenhouse gas reduction and success stories about mine gas
drainage and utilization. Discussion. interpretation and exchange of views on these topics will be
of great value in reference to the enhancement of China’s technology of coal mine gas prevention
and control and the further improvement of China’s cause of coal mine gas control and utilization.

The organizations and individuals involved have been supportive, helpful and caring in the
preparation of these proceedings and have all earned our sincere gratitude. Necessary to say.
however, inadequacies and shortcomings are possible because of our limited knowledge as well as
the short amount of time available to complete these proceedings. Comments and suggestions

from the readership are welcome.

Editorial Committee
October, 2008
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Borehole Drilling in Retained Entry for
Co-extraction of Gas and Coal

Yuan Liang

(Huainan Coal Mining (Group) Co, , Ltd. )

Abstract: A new concept and method for co-extraction of gas and coal is devised to address the
low efficiency and safety problems in mining of deep coal seam groups with high ground stress,
high gas content and low permeability. The paper brings to light the regularity of the dynamic
evolution of fissures in the roof rock in the mining-affected zone and the development of “vertical
fissure zone” in the gob and the regularity of the distribution of air pressure fields and the flow of
pressure-relieved gas in the gob with Y-shaped ventilation, and establishes a new theory and
method for draining pressure-relieved gas through boreholes drilled in the retained entry for co-
extraction of gas and coal in stead of drilling in the upper and lower entries.

Key words: low-permeability coal seams, pillarless, entry retained along gob, borehole drilling in

retained entry, co-extraction of gas and coal
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Borehole Drilling in Retained Entry for Co-extraction of Gas and Coal

1 Introduction

Huainan mining area is typical in Chinese coal mines with complicated geological structure,
high gas emissions, high ground stress and low-gas permeability coal seams. Coal seams in the
province have very high methane content (12~26 m®/t) with high pressure up to 6. 2 Mpa, and
the coal mass is extremely frail ( f=0. 2~0. 8) with a very low gas permeation rate of 0. 001mD.
At present, most of the active mining operations at Huainan Coal Mining Group are located at a
depth of —700~—1 000 m and the mining depth is creasing at an annual rate of 20~25 m with
gas emissions increasing at a rate of 100 m*/min annually and a gas content gradient over 4. 61
m’ /100 m. Most of the initial mining operations in newly-developed mines are located at a depth
of 800 m below the surface. It is expected that, in the following ten years, coal/gas outburst
hazards will continue to increase and problems, such as difficulty in supporting soft rock strata,
high ground pressure on undersize pillars along the gob, etc. , will worsen, thus creating great
technical challenges for deep mining. Coal mine methane (CMM) or coal bed methane (CBM) is a
major hazard in the coal mining in China and yet an important alternative, clean energy source for
the 21* century and also a high-quality chemical material. In recent years, the Chinese
government has updated national energy policies including CMM/CBM as a new, clean energy
source, Therefore, to extract and utilize CMM/CBM is of great importance in fully tapping
underground resources, improving mine safety and economic efficiency, easing the tightness of
conventional oil and gas supply, ensuring the implementation of strategies for sustainable national
economic growth and protecting the atmospheric environment.

In order to implement national energy policy and meet the objective requirement for safe and
efficient coal mining, a new concept of co-extraction of coal and CMM has been developed, based
on the conditions of mining coal seam groups in Huainan mining area, to address the technical
problems of high gas emissions, high ground pressure and low gas permeability of the coal seam
groups in a systems manner: to begin with minning the critical pressure-relieving seam and
mechanically building high-strength supporting structures promptly along the edge of the gob of
the initial working face to retain a production entry to allow pillarless continuous winning under
pressure-relieved conditions; and then to drill upward and downward gas-drainage boreholes in
the retained entry right through into the zone filled with pressure-relieved gas, thus allowing
efficient co-extraction of gas and coal on a industrialized scale, with the gas output of different

concentrations to be ducted separately to the surface for utilization.

2  Theoretic basis for borehole drilling in retained entrys for co-extraction of gas
and coal

2.1 Regularity of dynamic evolution of fissures in roof and floor strata in mining-affected zones
When the critical pressure-relieving seam in a coal seam group is worked out in the first
place, rocks in the caved zone along the gob would pile up irregularly and, along the direction of
face advance, the distribution of voids on the gob side would be in an “O-shape” pattern. CBM is
lighter than air in specific gravity and it is therefore easy to accumulate in the voids in the caved
zone of the retained entry (see Zonel in Fig. 1). The roof rock in the regular caved zone and

fissured zone would expand when pressure is relieved, resulting in a vertical fissure developing
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Fig. 1 Model of “three vertical zones”, “three horizontal zones” and “three fissure zones” of

mining-induced movement of overlying rock

1

zone affected by rib supporting; B——zone of roof separation; C——recompacted zone; c—roof fracturing angle
1

caving zone; II fissure zone; [l sagging zone

A

fissured zone in upper gob;2 vertical fissures in fissured zone;

3

roof separation in distant pressure-relieving seam

zone (see Zone 2 in Fig. 1), where both fissures in the roof separation and vertical fissures from
rock failure have well developed, and vertical fissures cross the horizontal fissures and connect
the irregular caved zone, providing an ample venue to accommodate the pressure-relieved gas from
surrounding rock and gas from the gob of the face in the seam being worked. Coal mass in the
sagging zone expands and deforms, containing mainly fissures in the roof separation, which
causes enhanced gas permeability of the seam. Coal seams in the vertically fissured zone at the
far-end of the sagging zone (see Zone 3 in Fig. 1) are filled with pressure-relieved gas and the
roof separation contains well-developed fissures, which provides a fine passage for gas drainage
under relieved pressure at the far-end. These findings form a theoretic basis for drilling boreholes
for CBM drainage under relieved pressure,
2.2 Distribution of air pressure fields in the gob with Y-shaped ventilation and regularity of
pressure-relieved gas flow

When the critical pressure-relieving seam is worked out, there exists a zone of well developed
vertical fissures along strike above the gob, which provides a passage and space for the high-
concentration gas from the gob and the pressure-relieved gas from the overlying coal/rock
stratum. Gas desorbed from coal left in the gob and pressure-relieved gas from adjacent seams
flow into the gob through mining-induced fissures and accumulates in the gob and the vertical
fissures in the roof, forming a high-concentration gas reservoir. Both the upper and lower entries
of the coal face with Y-shaped ventilation in the entry retained along gob side take in fresh air and
the upper entry corner is located on the intake side of the face, which provides a solution to the
problem of excess gas accumulation at the corner; the actual air quantity on the face is lower than
that in U-shape ventilation, resulting in lower pressure differential between the two ends of the
face, and lower air leakage from the gob with lower gas content in the air leaking from the gob; a
well-sealed zone is formed by compact and tight supporting of the retained entry, which facilitates
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