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Abstract: In order to prevent gas hazards, thousands of upward cross-seam boreholes for gas pre-drainage are
widely used in underground coal mines. Their construction quality directly determines whether coal gas
accidents happen and touches miners” lives closely. However, the quality 1s difficult to be guaranteed, because
of the hostile underground environment, complicated spatial calculation, sightless strata reserves and little
digitalized supporting. Based on the vector algebra theory, a novel algorithm is proposed which abstracts
boreholes as a set of vectors and calculates their parameters step by step. The algorithm consists of three parts
that are borehole path calculation, the computation of boreholes group distribution and additional boreholes
designing. Then an algorithm-based design and simulation software system is developed which follows a strict
logical flow and implements five functions, namely importing basic data, the 1st designing, storing construction
data, rendering virtual scene and appending additional boreholes. At last, through application case m (Qinan
coal mine, the system 1s proved to be objective, effective and helpful to simplify design effort and improve

visualization.
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INTRODUCTION

With the coal exploitation extending to depth rapidly
i China, lugh geo-stress, high gas, high inhomogeneous,
low permeability and low coal mass strength, namely the
phenomenon of “three high and two low”, makes the
problem of coal and gas outburst becoming more and
more outstanding. To avoid touching outburst coal seam
closely, the gas pre-drainage technology by upward
cross-seam boreholes has been widely researched and
utilized from a variety of aspects (Cheng et al,, 2009), such
as grid drilling to the protected coal layer, intensively
drilling to the single coal seam, drilling m the rock
cross-cut coal uncovering, etc. (SAWS, 2009).

However, a huge number of cross-seam boreholes
have to be designed and constructed manually. In the
hostile underground environment, complicated spatial
relationship and sightless strata reserves facilitate various
mistakes and the construction quality is difficult to be
guaranteed. The nhomogeneous coverage and numerous
blank zones give rise to gas power phenomenon easily,
even gas outburst accidents. Meanwhile, the high quality
construction of cross-seam boreholes is imposable to be

accomplished in one time and the mmers often have to
append a mass of additional boreholes which malke the
manual desighing work more and more cumbersome and
incapable.

Recent years, mformation and automation techniques
were integrated with coal industry (Scoble, 1995;
Kaufmann and Martin, 2008, Wu et al., 2012; Zhu et al.,
2006, 2012) and a lot of software systems have
sprung up (Zhang et al, 2010), such as Micromine
(Samal and Sarangi, 2001 ), Minesight32D (Cai et al., 2001),
Surpac, DataMine, AMSKAN, PENDM (Xiong et al.,
2012), etc. In them, coal reserves calculating, production
plarming, material and financial management was well
supported (Duskey, 2006, Trenczek and
Wasilewslki, 2008). However, all of them lacked the ability
of computer aided design for upward cross-seam
boreholes of gas extraction.

Therefore, it is necessary and wurgent to build a
comprehensive and easy-to-use software system which
can design cross-seam boreholes rationally, manage
relevant data normatively and append additional
boreholes simply. In this study, adopting vector algebra
and information technology, the expected system is
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developed in VS.Net 2010 and relevant parameters are
stored n SQL Server 2008 To mnprove the perspective
ability of numerous boreholes, XNA technology is used
torender the virtual scene of constructed boreholes.

COMPUTATIONAL ALGORITHM

Calculation of borehole path: According to regional coal
gas prevention techniques (SAWS, 2009), the upward
cross-seam boreholes are opened at the drill field on side
of floor readway which is located about 20-30 m under
coal seam. Under 1ideal condition, boreholes paths
traverse coal seam at least 0.5 m and their bottoms form a
regular grid distribution. But in practice, the effect is
difficult to reach and boreholes designing, constructing
and management are a repeated process of improvement.

In geographic space, the coal seam and drill field can
be respectively described as a planate cube and a small
cube; the upward cross-seam borehole is a slender
cylinder determined by three parts that are digging
position, path direction and cross-section size, as shown
mFig 1.

In Fig.1, each borehole path can be abstracted to a
vector, remembered as & which start point lies in the top
or front plane of the drill field and end point lies in the
parallel plane of the coal seam roof:

B:SA‘T:{lexn,ﬁ’Yle*Zn} (1)

where, S is the start point (%,,¥5,%), 1 i the end point
(X1,¥1:20)-

Cross-seam borehol e bottom

Serving for construction, the design parameters
of each borehole include seven items: Name (n), offset
to drill field floor (o/m); offset to drill field left wall
(0,/m), azimuth angle (c/degree, mnegative when
digging left, positive when digging right and 0 when
digging front); inclination angle (p/degree), path length
(I/m); borehole diameter (@/mm), described as
following:

d = (nﬂ Ol) OZ) o, B: 13 (P) (2)

In view of the control range, S and T points
described in (1) can be determined and parameters in (2)
is our computation goal. Then the design algorithm is a
calculation procedure from (1) to (2).

Based on the analysis shown in Fig.2, the calculation
procedure consists of five steps:

Step 1: The length of borehole path is the module of
vector b

1:|B‘:’QI(XI’Xn)zJr(5’1’5’0)2+(711’zn)2 G)
Step 2: Calculating two auxiliary vectors named as m
and n. They start at point S; m is the unit
vector along Y axis; n is the projection vector of
b in plane XOY, described as following:

m ={0,1,0} (4)

n={x, — X, ¥, ~ ¥, ~Zg}

Control range boundary

Diging position

The parallel plane of
coal seam roof

Drill field on side of floor roadway

Fig. 1: Schematic diagram of gas pre-drainage technology by upward cross-seam boreholes
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Fig. 2: Spatial relations between the control range, drill field and boreholes

Step3: « and P describe the intersection angles
between m and n, b and n. They can be easily
gained by the following expressions:

R s)

Step 4: Borehole diameter ¢ is determined by boring
crown, usually 90 or 100 mm

The rest parameters n, o,, 0, are used to arrange
the grid distribution of boreholes” bottoms will
be discussed subsequently

Step 5:

Boreholes group distribution computation: According to
the control range, there are a group of boreholes to be
designed and constructed in each drill field. In order to
homogenously pre-extract coal gas, the positions of those
boreholes’ bottoms should lie in grid and cover the whole
control range. For construction convenience, the digging
positions are also designed in a miniature mesh
corresponding to the bottom grid.

As shown in Fig. 2, the spatial coordinate system is
established and C is the top-front line midpoint.
Remembering the drill field size as wxexh/m’, then
C = (0,e,h). C” is the center of control range and its
distances from four boundaries are recorded as
(rg, 1, Ty, 13). Remembering the coal seam inclination
angle as 0/m, the horizontal distance as p/m, the
normal distance as f/m, then C° coordinate 1is
{0,pte,t/cosB-ptanB).

Remembering the extraction radius as 1/m, the
designed coal roadway width as g/m, the rs*cs grid layout
can be obtained, where rs 15 row count and ¢s 1s column
count:

rs=|—0.7(r0+r2)/r—‘ (6)
es=[0.7(r1+r3)/r|

Based on above calculation, the start (S) and end
point (T) of each borehole vector m the group can be
acquired and then be described as the vecter b which is
the basis of borehole path calculation. Meanwhile, the
rest parameters, namely o, and o, can be gained easily.
Referring grid distribution, we set n as the string
D[row index][column index ], such as D00, DO1, D02, ...

2540



J. Applied Sci., 13 (13): 2538-2543, 2013

Design of additional boreholes: Under ideal condition,
bottoms of boreholes in the same group form a regular
mesh layout. But in practice, the construction is often far
away from its design because of poor perspective ability.
Then engineers have to elimmate blank zones after the 1st
construction through repeatedly appending additional
boreholes. For this, we develop 3D virtual scene of
constructed boreholes 1n our software system, in which
engineers can visually identify blank zones and supply
additional boreholes. Then above algorithm can run again
to gain the design parameters of additional boreholes.

SYSTEM DEVELOPMENT

Base on above algorithm, a computer aided design
system was developed in V3. Net 2010 and SQL Server
2008. Its logical flow contained five steps:

Step 1: Basic data importing

Step 2: The 1st designing which results in the original
borehole parameters

Step 3: Storing boreholes’ design and construction data

Step 4: Rendering the virtual scene of constructed
boreholes

Step 5: Tdentifying blank =zones and appending

additional boreholes. In particular, the 5th step
is a loop which should run repeatedly until
eliminate blank zones completely, as shown in

The software provides two windows for users to
input their information, including basic data and the
start-end location of additional boreholes. The designing
function runs automatically in background and generates
a set of borehole parameters. Droved from those data,
XNA technology is used to render 3 day scene of
constructed boreholes, including coal seam, drill field and
boreholes, in which user can visually identify blank zones
and propose expected additional boreholes.

APPLICATION CASE

The Qinan colliery is located in Suzhou country,
Anhui province, China, where the No.7 coal seam is the
riskiest outburst seam, with an average thickness of
2.64 m, average inclination of 10 degrees. It has been
determined that the gas pressure 1s 3.5Mpa at -550 m level
and the gas content is between 12.29 and 1538 m’ t.
Since 1997 there have been total & times of gas power
phenomenon happened with 171 tons of outburst coal
rocks and 32, 160 m” of gas.

The No. 716 mining face, with size of 983x180m?, lies
at the 3rd segment on right flank of the No.81 mining area
which utilizes upward cross-seam boreholes to pre-extract
coal gas and eliminate outburst hazard i the strip area
near designed coal roadway. We take the designed coal
roadway as the midline of stripe control range, where
39 dnll fields and 2134 boreholes were constructed.

Fig. 3
r
_ M Drill filed: Coal seam:
Basic data <: I W, eandh T, Bandr
importing 1
1

Coal range:
19, 11, T2 and 13

|

Designed coal Bore crwon Distance: :
roadway: g size: pandf I

|

|

The 1st
designing

A group of boreholes {d}
{01,011, p}

!

Input the .st.art and additional
end position of >~ . >
expected additi onal designing
borehol es

Drilling and saving
construction data of

the boreholes

[

!

Rendering the virtual
scene of construction

boreholes

The 3" day virtual scene of

=

construction boreholes

Fig. 3: Logical flow of the computer aided design and simulation system
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Fig. 5: Virtual scene droved by boreholes construction data

The No. 2 drill field was selected to test the
developed software. First of all, the basic data were
entered, including parameters of drill field, coal seam,
control range, designed coal roadway, bore crown size,
distance between the No. 2 drnll field and the designed
coal roadway, as shown in Fig. 4.

Secondly, by clicking menu item “First Designing”,
the 1st designing was completed and borehole’s
designing parameters were shown in a table automatically,
containing seven columns: Name (n), offset] (o)), offset2
(0,), azimuth angle (), mclmation angle (B), length (1) and
diameter (@).

After construction, the corresponding drilling data
must be inputted into the system.

Subsequently, by clicking menu item “Virtual Scene”
the virtual scene was rendered. The scene contained the
floor rock roadway, the No. 2 drill field, the designed coal
roadway and all constructed cross-seam boreholes which
was synchronous to boreholes data and would fresh
automatically when appending additional boreholes data,
as shown in Fig. 5.

At last, we identified blank zones in the virtual scene
and supplied expected additional boreholes position into
system until all blank zones were eliminated.

2542



J. Applied Sci., 13 (13): 2538-2543, 2013

CONCLUSION

In underground collieries, due to the hostile
environment, mvisibility, designing manually and poor
management ability, the widely used upward cross-seam
boreholes specially trended to generate numerous blank
zones which gave rise to gas power phenomenon and
even outburst accidents easily.

To simplify the design effort of upward cross-seam
boreholes, we proposed a novel, integrated algorithm and
developed its supported software system. To see the
underground construction scene visually, virtual reality
technique was integrated into the software system.

We abstracted the upward cross-seam boreholes to
vectors and calculated them through a series spatial
calculation, mcluding borehole path calculation,
boreholes group distribution computation and the design
of additional boreholes.

By synthesizing three cormrelated parts of the
proposed algorithm nte a standardized logical flow, a
computer aided design and simulation software system
was developed. In it we implemented four functions,
mcluding basic data importing, the 1st designing, data
management, virtual scene rendermg, blank zones
identification and design of additional boreholes. In
particular, its flow path was a loop and its end meant that
blank zones had vamshed.

By test n Qinan coal mine, the software system was
proved to be fully considered user experience,
easy-to-use, effective and objective. Meanwhile, its
virtual scene rendering improved visualization of the
underground working sigmficantly.
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