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Abstract

In order to maximize the profit of open-pit mining with irregular boundary, a dynamic optimization method of
internal drainage field is proposed according to the open-pit mining principle. The method according to the site
within the space and the relationship between the volume of debris, there will be no rules state within the cross
mining row of open pit mining engineering is divided into three periods, namely: site within the space of stage
saturated site, inner space, site in excess phase space; By building the stope - inside the mine production model,
will work in mine stope and line contact with the three periods established relationship, analyses the various
periods stripping engineering problems, and puts forward the corresponding solutions, and for optimal solution.
This method is applied to the henan open-pit mine of hollin, a state power investment group. In another mining
period, the internal drainage space is fully utilized, which reduces the area of land expropriation by the external
drainage and achieves the purpose of reducing cost and increasing efficiency.
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l. Introduction

The development and construction of the inner dump is an important production link the open-pit mines. There are
many factors that restrict the development and construction of inner dumps in open-pit mines, such as the base
form and bearing capacity of inner dumps, open-pit mine engineering, coal bed storage conditions, etc. [1-5]
However, most of the previous studies failed to focus on the influence of the mining boundary of open-pit mines
on the development and construction of the inner dumps in open-pit mines.

The traditional method is used to delineate the boundary of open-pit mines. The coal bed is usually regarded as a
whole, and the stripping ratio of the open-pit mine boundary is determined by using the sidewall line ratio method.
Based on the principle that the boundary stripping ratio is less than and equal to the economic (reasonable)
stripping ratio [6], the mining boundary of the open-pit mine is delineated. However, the limitations of geological
conditions make the mining boundary of many open-pit mines rather irregular, that is, the mining boundary of
open-pit mines cannot guarantee that the working line of open-pit mines can be kept within a stable range in the
implementation As a result, the production process cannot be orderly carried out. For example, in the process of
delineating the boundary, when the delineated range is a valley with great hypsography, the final boundary will be
irregular although the coal bed storage is relatively stable (Heidaigou open-pit mines). When the delineated range
is a plain with little hypsography, the coal bed is not fully developed or the coal thickness changes greatly, which
makes the final boundary irregular (Zhahanaoer open-pit mines). Because of limitations in geography or personal
factors, the boundary of open-pit mines is also irregular (Huolinhe open-pit mines). Regarding the open-pit mines
with irregular boundaries caused by the situations above, the volume of the stripped materials doesn’t always
match the volume of the inner dump in the open-pit mines. Three kinds of relationships exist between them,
namely, saturated inner dump space, insufficient inner dump space and surplus inner dump space. Among them,
the saturation and surplus of the inner dump space are in the unbalanced development stages of inner dump.
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Because the distance between the stope and the dump varies greatly in each period, the load distance and the
dumping space of the stripped materials also change, which makes the mine production cost fluctuate greatly.
Therefore, in order to maximize the mining benefits of open-pit mines that have irregular boundaries and are
horizontally mined in each period, it is necessary to dynamically optimize the dumping site within its mining scope
for the the purpose of reducing the cost and increasing the efficiency [7-13].

This paper was based on the development characteristics of the stripping projects after realizing the inner dumping
of open-pit mines that had irregular boundaries and were horizontally mined. The mining models of open-pit mines
were first established in the paper. As irregular boundaries caused the unmatched dump space and stripping
amount, the paper analyzed the influence of irregular boundaries on the stripping projects in each period.
Moreover, the paper not only studied the dynamic optimization of the dump in unbalanced dumping stages but also
verified the results by using the open-pit mine south of Huolinhe in the open-pit coal industry.

Manuscripts must be written in English. Authors whose native language is not English are recom-mended to seek
the advice of a native English speaker, if possible, before submitting their manu-scripts. The pages in the
manuscript should not be numbered and in the text no reference should be made to page numbers; if necessary, one
may refer to sections. Try to avoid excessive use of italics and bold face.

I1. Mining analysis of open-pit mines with irregular boundaries and horizontal mining
2.1 Open-pit mine modelling

The distance between the inner dump and the stope is equal to the safe distance after the horizontal mining and the
inner dump are completely realized in the typical open-pit mine [14-15]. Regarding the open-pit mines with
irregular boundaries and horizontal mining, irregular boundaries caused the mismatch of the operating line length
both in the stope and in the dump. As a result, it caused three conditions, namely, saturation, insufficiency and
surplus in inner dump space. The open-pit mining model was established to analyze the three engineering
conditions. If there are n coal beds from top to bottom in an open-pit mine, the advancing directions of both the
stope and the dump are the same. The technical parameters are set as follows: the annual advancing distance of the
stope working line is L., and the length of the stope working line is L,,. The annual advancing distance of the inner
dump working line is L,, and the length of the inner dump working line is L .. The working slope angle is f, and
the working slope angle of the inner dump is a. The safe distance between the stope and the dump is a. The output
of the open-pit mine is A, the stripping ratio is N, and the looseness coefficient is S. The final receiving height of
the dump is equal to the mining depth of the stope, h, as shown in the Fig. 1.

I DUMP :> SC‘OP’E’J !

(a) Open-pit mine
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COAL2

() I-I profile
Fig 1 Open-pit mine modelling

The tracking distance d between the dump and the stope can be expressed as d = L. — L,.Based on the mining
model of the stope and the dump, the following relationship could be obtained.

An+A=L.hL,
Ans = Ly, hl,,

_ An+ A
€ hL,
Ans

P B hLI‘OW

2.2 Mining analysis of open-pit mines with irregular boundaries and horizontal mining

2.2.1 Inner dump space saturation
During the production period, the boundary shape of open-pit mines is relatively regular, and the stripped materials
are completely discharged inside. The follow-up distance between the stope and the dump is exactly the safe

distance. At this time, each production link and parameters of the open-pit mine are in a relatively ideal state. Also,

the advancing distance of the stope is equal to that of the inner dump, namely, if L, = L,, and then f—cz

14

(n+1)Lrow
nsLm

= 1. Thus, it can be deduced that: the relationship between the working line length of the stope and that

of the dump is LL—m = %1 If the stripping project in open-pit mines develops like this, the inner dump will have

row

sufficient space to hold the stripping materials produced in the stope. The tracking distance is equal to the safe
distance, that is, d=a. At this time, the internal dump load distance of the truck is the minimum. The space
saturation state of the inner dump is shown in the Fig. 2.

I

DUMP :> SCOP’E’J !

(a) Open-pit mine
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COAL2

() I-I profile
Fig 2 Inner dump space saturation

2.2.2 Inner dump space surplus

When the long narrow open-pit mine is exploited within the scope of the irregular boundary, the stope working line
may become shorter. In order to maintain the mine production scale, the advance degree of the stope will increase,
but both the working line and the advance degree of the inner dump remain the same. As a result, the follow-up
distance between the stope and the dump increases, and the load distance of the inner damp also increases. The
simplified sketch map of the inner dump load distance is shown in Fig.3. The original inner dump route can be
expressed as AB-BC-CD, and it later becomes AB-BC-CE-EF because of the changes in the working line length of
the stope. The calculation formula of the mean load distance for the inner dump is shown in Equation 1:

!
LeLl.

D =D+

+ D, (1)

In the equation, D is the mean load distance of stripped materials in the inner dump, km; L. is the length of the
mining working line; L. is the length of the dump working line; K is the coefficient. In the case of the mono-wing
inner dump, K = 2. In the case of the twin-wing inner dump, K = 4. D, is the appendix distance, is the horizontal
load distance, namely, max(D;, D,). D, is the load distance obtained through the gravity center computation of the

stope and dump, D, = /(AI—Z - C)% + Az? is the limiting gradient of the road, is the coefficient of the transportation
development line[14-15].

Therefore, the original load distance iS L; = Lyow + Lg + Ly,

The current load distance is L, = Lyoy + Lg ++/(aly) 2 + (AL,) 2

Obviously, L, > L;.
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Fig 3 Analysis of the change of the internal row distance

The horizontal mining and inner dump are completely realized in open-pit mines in this production status. At this
time, the advancing distance of the stope is greater than that of the inner dump, namely, if L. > L,, and then

Le _ (n+1)Lrow

Lp nsLm

> 1. Thus, it can be deduced that the relationship of the working line length between the stope and

the dump isLL—m < ”n—? If the stripping projects in open-pit mines develop like this, the inner dump will have

row

sufficient space to hold the stripping materials produced in the stope. The tracking distance is much greater than
the safe distance, and the inner dump load distance of the truck also increases. The inner dump space surplus is

shown in the Fig 4.
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2.2.3 Inner dump space insufficiency

() I-Iprofile
Fig 4 Inner dump space surplus

When the open-pit mine is exploited within the scope of the irregular boundary, the stope working line may
become longer. In order to maintain the mine production scale, the advance degree of the stope will drop. In
addition, both the working line and the advance degree of the inner dump remain the same. As a result, the inner
dump space is insufficient when the original follow-up distances remain the same in both the stope and the dump.
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In the production period, the released inner dump space is insufficient. At this time, the advance distance of the
= @*Dbrow 91t can be deduced that

nslLy,

stope is less than that of the inner dump, namely, if L. < L,, and then Z—C
14

the relationship of the working line length between the stope and the dump is LL—"‘ > "n—J'Sl If the stripping projects

row

in open-pit mines develop like this, the inner dump won’t have sufficient space to hold the stripping materials
produced in the stope. The tracking distance is less than the safe distance, so the inner dump parameters require
certain adjustment to satisfy the dumping needs. The inner dump space insufficiency is shown in the Fig 5.

———— |
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ﬂ

(a) Open-pit mine

COAL2 a

() I-I profile
Fig 5 Inner dump space insufficiency

III. Optimization Method Analysis of the Inner Dump

From the above analysis, it can be seen that: the inner dump space that is released in the insufficient stage of the
inner dump fails to meet the needs of mine production when the current parameters are the same. In the surplus
stage of the inner dump, the greater tracking distance causes the greater load distance. Meanwhile, the production
cost also fluctuates. Aiming at the above problems, the corresponding optimization method is proposed according
to the mining design principle of the open-pit mine.

3.1 Optimization analysis in the stage of the inner dump space surplus

From the analysis in section 2.2, it can be seen that: for the limitations in the boundary shapes, when the working
line length of the stope becomes shorter and the advance degree increases, the tracking distance between the inner
dump and the stope increases. Therefore, the mean load distance of the inner dump increases, making the
production cost higher. In order to avoid the influence of boundary shapes on the production in the stage, the
dynamic adjustment should be made to the inner dump so that the tracking distance and the load distance can be
shortened.

The tracking distance between the dump and the stope can be shortened by reducing the final dump elevation or the
slope angle of the inner dump. The open-pit mining model was established to analyze and compare the effects of
the two methods on the optimization of the load distance. Fig.6 and 7 show the two methods to shorten the tracking
distance.

In order to compare the advantages and disadvantages of two ways, namely, reducing the step height and the
working slope angle of the dump, the process in which the exploited materials were transported from the stope to
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the dump is equivalent to the process of the corresponding centroid motions. The coordinate system was
established, where the origin is the projective point of the apex at the dump slope in the horizontal direction, the
advance direction is the positive direction of X axis, and the direction perpendicular to X axis and pointing to the
earth’s surface is he positive direction of Y axis. Suppose the heights of both the stope and the inner dump are the
same, and then the accumulated materials of the dump can be equivalent to the area of the quadrilateral ABCD in
the model.

In the optimization of the inner dump, the dumping volume remains the same because the output and the stripping
ratio don’t change, namely, the area of the quadrilateral that is used to express the volume of the dump remains the
same. The centroid coordinate formula of the quadrilateral is shown as follows.

X1 i1

YRS At xg) | v 1

X = Xig1 Yir1 1
X1 i1
3yt e oy 1
Xiv1 Yier 1

X1 i1

Y tyitye) | oy 1

_ Xig1 Yie1 1
y X1 y 1
3yt oy 1
Xig1 Yir1 1

3.1.1 Reduce the elevation of the inner dump only

The way of only reducing the elevation of the dump means: the follow-up distance is increased by reducing the
maximum dump height when the working slope angle of the dump remains the same. As mentioned above, the
dumping volume remains the same during the optimization, so the following requirement is met in the follow-up
process:

SY ABD = SYABCD
(h— AR)AL, = L,Ah

AL Loh
p_(h—Ah)
ALpzd—a

As shown in the figure, the point coordinates of the quadrilateral ABD is as follows:

A: (Ahcota,h — Ah)

B: (Ahcota + L, + AL,, h — Ah).
C:(hcota + L, + ALy, 0)

D: (Ahcota, 0)

According to the polygonal centroid coordinate formula, the centroid coordinates of the quadrilateral
ABO are:

(h+Ah) cota+Lp+ALy, h—-Ah
2 o2

centroid coordinates
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Fig 6 Optimization analysis of lowering inner drainage elevation

3.1.2 Reduce the working slope angle of the inner dump only

The way of only reducing the working slope angle of the dump means: the follow-up distance is increased by
reducing the working slope angle of the dump when the maximum dump height of the inner dump remains the
same. As mentioned above, the dumping volume remains the same during the optimization, so the following
requirement is met in the follow-up process:

SYABD = SYABCD
SVBEB = SVDED

As shown in the figure, the point coordinates of the quadrilateral ABQ3 is as follows:

A: (0, h)

B: (L, — AL, h)
C:(hcota + L, + ALy, 0)
D: (hcota,0)

According to the polygonal centroid coordinate formula, the centroid coordinates of the quadrilateral ABCD are:

cotatly ALph cota+ALy® 3hLp—hAL,
6Ly ’ 6

)

. . h
centroid coordinates (
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Fig 7 Analysis on reducing slope angle of inner drainage slope

The centroid trajectories of the inner dump are first obtained by only reducing the elevation and the working slope
angle of the inner dump, and then the trajectories are placed in the system of rectangular coordinates to obtain the
following results.
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Fig 8 Comparison of optimization methods

As shown in the figure, the motion trajectories of the centroid points are dashed lines in each formed quadrilateral
by only reducing the elevation. The motion trajectories of the centroid points are full lines in each formed
quadrilateral by only reducing the working slope angle of the inner dump. The centroid points of the quadrilateral
formed by only reducing the elevation are marked as (X4, Y,), and those formed by only reducing the working
slope angle of the inner dump are marked as (Xg, Y5). Xa, Xg, Ya, Ygare processed as follows.

hcota+l Alph cot a+Al,? (h+Ah) cot a+1,+Al
XB - XA = P + P P _ P 2 < OC
2 6lp 2

The formula is permanently workable.
h—Ah  3hl, — hAL,
Y, -V = 5 3 <0

The formula is permanently workable.

According to the above analysis: in order to reduce the follow-up distance of the inner dump, reducing the
elevation of the inner dump has obvious advantages in the same conditions. Namely, when the same distance is
advanced forward, reducing the elevation of the dump can make the motion range of the inner dump centroid
points towards the stope and the vertical motion range greater than the reduced working slope angle of the inner
dump. This suggests that the reduction of the dump elevation causes the load distance and the hoisting height of the
inner dump to decrease. Therefore, in the dynamic optimization of the inner dump in the open-pit mine with
irregular boundaries, when the relationship of the working line between the stope and the inner dump is presented

Lm

as— < "n—+s1 the space is optimized by reducing the elevation of the inner dump.

row

3.2 Optimization analysis in the stage of the inner dump space insufficiency

From the analysis in section 1.2, it can be seen that: for the limitations in the boundary shapes, when the working
line length of the stope becomes longer and the advance degree decreases, the tracking distance between the inner
dump and the stope decreases. Therefore, it causes the inner dump space insufficiency and makes it difficult to
dump completely. The inner dump heightening is the first choice to solve the shortage of inner dumping in open-pit
mines. While ensuring the stability of the dump slope, the inner dumping space can be increased by lifting the final
dumping height of the inner dump. When the inner dump heightening fails to solve the dump space insufficiency,
the reverse inner dump method could be properly used, namely, the stripped materials are placed in the unused
dump space or the upper part of the used dump space.

As shown in the figure, the inner dump space remains the same in the dynamic optimization of the dump, namely,
SYBBCC = SXH=RA. The heightening value of the inner dump is\VVh, and the minimum working berm
width of the dump is k. The following can be obtained based on the equation above.

1
3 [k + (k + 2Ahcota)]Ah = AL,h
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Fig 9 Schematic diagram of increased internal discharge

3.3 Comprehensive analysis

According to the analysis above, the unbalanced inner dump is optimized. In the case of = < "n—+sl the inner dump

elevation is reduced for optimization. The relationship between the advance distance and the decreasing height in
the dump is expressed as follows.
A = MLy

AL, + L,

In the case of =2 > ”n—+s1 it is given a priority to increase the elevation of the dump. When the inner dumping

row

cannot be heightened further, the reverse inner dumping is used for optimization.

As shown below, the sketch map shows how the methods above are used for the dynamic optimization of the inner
dump in open-pit mines with irregular boundaries.

(a) Open-pit mine

(b) I-1 profile
Fig 10 Effect picture after optimization

V. Case Study
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The designed production capacity of Huolinhe open pit mine is 18Mt/a, the length of boundary strike is 8.05km,
and the length of boundary changes from 1.40km to 3.21km in the dip direction, which is a typical irregular
boundary open pit mine. There are 9 minable coal seams in Huolinhe open pit mine, which are 6, 8, 10, 11, 14, 17,
19, 21 and 24 from top to bottom. The average total minable thickness is 81.17m, and most of them are thick and
extra thick composite coal seams. Among them, 14, 17, 19 and 21 are the main minable coal seams in the open pit,
with the average total minable thickness of 47.69m, the average unit weight of 1.27t/m3 and the average recovery
rate of 97%. The south mining area of the mine has realized horizontal mining and internal drainage, and the
internal drainage mode is double ring internal drainage and pressure side. The upper two steps of the internal
drainage adopt the parallel operation of the dumper, and the lower part adopts the single bucket truck. The slope
angle of inner drainage is 16 °, The minimum working width of the inner dump is 60m, the height of the stope
and the inner dump is 240m, the limit height of the slope is 300m, and the loose coefficient of the stripping
material is 1.2. Due to the limitation of working conditions, Huolinhe open pit mine is short of space for external
discharge. Every year, there is 15mt of space for external discharge of the dumper, and the rest of the stripping
materials have to enter the internal discharge. 71 yuan/ m® - km.

wotking line bength of e inner duenp = 2.5km
waorking line length of the stope is 3.0km

warking line length of @e Inner dump is 1.7k
warking tme length of e stope i 1 4kbm

Fig 11 Huolinhe south open air boundary map

1. mined until a certain year: In the inner dump of the open-pit mine, the working line length is 1,700m and the
advance distance is 143m; the working line length of the stope is 1,400m, and the advance distance is 235m. The
production stripping ratio is 3.4m/t. It is a typical stage of the inner dump space surplus. Without optimization, the
tracking distance between the inner dump and the stope is 92m, the load distance of the inner dump is 3.65km, and
the total cost of truck transportation in the inner dump is as follows.

F = 3.65 x (18000000 x 3.4 x 1.2 —150000) = 262581000

The reduced height of the inner dump is optimized by the method above, hamely reducing the elevation of the
inner dump.
hAL, _ 240 x 42 _

Ah = = =
M AL L, 42+ 143

The following figure shows the comparison of the latest inner dump and the original dump on the same profile
after optimization.
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2023 south inner dump
positons {optimized)
w | 2023 south inner dump
% _. positions (Not optimzzed)

2023 south inner dump positions
"
L\ t-

Inner dump centroid points; = —
Inner dump centroid points after optimization

3-D advance distance of centroids: 93.8m

4
4
~

horizontal advance distance93 2m

Vertical descent distance10.2m

Figl2 Comparison of effect sections before and after optimizationl

After optimization, the centroid moved 93.2m towards the inner dump and also moved downward 10.2m. In
addition, the bench toe of the last step moved 85m towards the inner dump, and the tracking distance between the
stope and the inner dump is 50m, which meets the requirements of the safety procedures.

Regarding the inner dump after optimization, the load distance of the inner dump is calculated as 3.58km, and the
cost is as follows.

F=3.58*(18000000*3.4*1.2-1500000) =257545200

It is estimated that the saved cost could reach 5,035,800 yuan.

2. mined until a certain year: In the open-pit mine, the working line length is 2,200m and the advance distance is
225m in the stope; the working line length of the inner dump is 1,800m. When the dump space was not optimized,
the inner dump needs to be advanced 250 meters away. At this time, the safe distance between the inner dump and
the stope is 25m, which fails to meet the requirements of the specifications. It is a typical stage of the inner dump
space insufficiency.

The inner dump was optimized within the same year. The elevation of the dump was increased to 897m, and it
meets the requirements. The computational process is as follows.

260 + (60 + 2Vhcot 16) Vh=25 x 240
2

Vh=37
. " 2027 south inner dump
12027 south inner dump positiorys positions (optimized)
?4‘_“?_,_. _ 2027 south inner dump
, = - positions (Not optimized)
| Re— s .
Inner dump centroid points: —

Inner dump centroid points after optimization

Fig13 Comparison of effect sections before and after optimization2

V Conclusions
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1. When the stripping project is implemented in the inner dump open-pit mines, the parameters of the inner dump
are not constant values and they change along with the changes of the stripping project in order to achieve the
maximum economic benefits of open-pit mines.

2. When the space of the inner dump is surplus, reducing the height of the inner dump is better than reducing the
working slope angle in terms of saving the load distance so shat the tracking distance between the inner dump and
the stope is approximate to a stable value. When the space of the inner dump is insufficient, the way of raising the
elevation of the inner dump is preferred. When the inner dump is increased to the limits, the reverse inner dump is
done to reduce the area of the land acquisition.

3. The development of the inner dump is dynamically optimized in the two typical stages of the Huolinhe open-pit
mine. In this way, the required changes of the inner dump in different stages are obtained. In the stage of the inner
dumping surplus, the original inner dumping height reduces by 21m, and the saved truck transportation cost can
reach 5, 035, 800 yuan. In the stage of the inner dumping insufficiency, the land acquisition area of the external
dump gets reduced by increasing the height of the dump and using the reverse inner dumping. The combined
optimization of the two methods can save more cost than the original plan.
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