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Abstract 

Inclined coal-seam open-pit mines with internal dumping commonly reserve an end-side retaining ditch when turning from 

horizontal advance to along-strike excavation. Selecting a single fixed ditch level is straightforward but ignores year-to-year 

variability in stripping volumes and haulage distances, which can inflate the combined transportation and secondary stripping 

costs. This study proposes a two-stage optimization framework for planning the ditch-height trajectory during the turning 

period. First, a maximum economic ditch height is derived via an economic-compensation model that balances the revenue 

from overlying coal recoverable after turning against the added costs of longer haulage and increased external dumping, with 

cost/revenue streams discounted using a compound-interest formulation. Second, within this upper bound, a total-cost 

minimization model couples annual stripping transportation costs during turning with the secondary stripping cost after 

turning. The model enforces annual waste-volume balance among inner dumping, ditch storage, and external dumping, 

preferred waste-flow directions, bounds on ditch height, and limits on height differences between adjacent years. Haulage 

distances are calculated from centroid locations of stripping and dumping stages extracted from 3DMine, and the resulting 

dynamic program is solved using a sequential recursion method. A seven-year case study (2023-2029) outputs an optimized 

fluctuating ditch scheme with yearly ditch heights of 214.5, 190.5, 206.7, 201.3, 189.6, 181.2, and 166.0 m, reducing the 

cumulative cost by 148.32 million CNY compared with the conventional constant-level ditch plan. The framework offers a 

practical decision tool for parameterizing retaining ditches and improving the overall economics of gentle-slope turning in 

inclined coal-seam open-pit mines. 
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1. Introduction 

In the whole life cycle of open-pit mines, since the mining 

area is generally large, direct mining of the whole area will 

cause problems such as poor economics. Therefore, mining 

mines is often divided into two or several mining areas for 
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staged or partitioned mining [1]. For near-horizontal or gently 

inclined open-pit coal mines, since the inclination angle of the 

coal seam does not change much, whether digging along 

strike or along the horizontal mining of the coal seam if the 

internal drainage conditions are met, a certain distance be-

tween the stope and the inner dump site will be maintained, 

and follow up synchronously. However, for open-pit mines 

with inclined or steeply inclined coal seams, it is almost im-

possible to completely transport the wastes excavated along 

the extension direction of the coal seam to the inner dump, and 

compared with longitudinal mining, horizontal mining re-

leases a larger inner drainage space [2]. Therefore, during the 

transition from horizontal mining to vertical mining, trenches 

need to be used in open-pit mines with internal drainage to 

reduce the amount of secondary stripping in the next mining 

area and increase the mine's economic benefits. 

At present, the ditch retention methods in steering mainly 

include end-side inverted triangular ditch, dump site inverted 

triangle ditch, end-side horizontal ditch, etc. Among them, the 

horizontal ditch at the end side is the most commonly used 

method. This method is bounded by a certain level of the side 

wall [3]. Below this level, the normal internal drainage mode 

of internal pressure covering the side wall is still adopted, and 

the method of non-discharge is adopted above this level to 

keep the minimum groove width. As shown in Figure 1. 

 
Figure 1. Schematic diagram of the horizontal stay trench of the end gang of the open pit mine with inclined coal seam. 

In the process of turning to the retention ditch, the deter-

mination of the height of the retention ditch plays a vital role 

in it. Research by researchers on retaining trenches during 

diversion in open pit mines has focused on a single retaining 

trench height. For example, Liu Guangwei [4]. established a 

mathematical model of the height of the inner discharge 

pressure gang and repeated peeling, and determined the op-

timal repeated peeling depth by using the minimum repeated 

peeling ratio. Zhang Ding [5]. calculated the key parameters 

of the trench height between the two mining intervals by 

establishing a mathematical model of the economic trench 

height of the adjacent mining interval of the open-pit mine. 

Liu Peng [6]. calculated the upper lag time value of different 

pressure heights based on the input lag time of the secondary 

divestiture cost as an independent variable. Ma Li [7]. pro-

posed the semi-pressure gang mode of grooved horizontal 

grooves, and determined the comprehensive optimization 

model of the height of the inner row pressure gang and the 

optimization model of the inner row bypass transfer step 

distance based on the cost compensation method. V. I. 

Cheskidov [8] increased the capacity of the inner row and 

reduced the height of the trench by increasing the high slope 

ratio of the dumping site. 

The determination of the height of the above-mentioned 

ditch is only considered from the perspective of economic 

compensation or the optimal amount of secondary stripping 

and does not comprehensively consider factors such as the 

time during the steering period, the dynamic changes of the 

stripped objects, and the transportation distance [9]. Moreover, 

for inclined seam open pit mines, during the transition period 

of the mining area, the stripping volume of the mining site is 

uneven for each year or each phase due to the different coal 

seam inclination, different coal seam thickness, geological 

formations, etc., and once the retention trench level is fixed 

during the steering period, it means that the inner drainage 

field can accommodate a certain amount of stripping for each 

year [10]. When the maximum retention level is determined 

with cost compensation, there is no constraint on the mini-

mum retention level, in this case, if the internal drainage field 

is discharged at the maximum retention level for each year, 

and the internal discharge is given priority over the external 

discharge, the economic benefits are maximized in terms of 

the minimum amount of secondary stripping after turning, but 

in terms of the overall service life of the mine during turning 

Therefore, in this paper, we consider the stripping flow and 

freight costs during the conversion from horizontal to vertical 

mining and the secondary stripping costs after the conversion 

to determine the optimal economic benefits of the mine as a 

whole to constrain the changes in the height of the retention 

ditch in each period. 

In this paper, we study the change in trenching level during 

the turnaround of the crosscutting row in a tilted seam open pit 

mine based on the maximum trenching height level and con-

strain the change in trenching height from year to year by 

maximizing the overall economic efficiency. This process not 

only increases the overall internal drainage space, equalizes 
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the annual drainage volume, and reduces the amount of sec-

ondary stripping after turning, but also optimizes the trench 

height to improve the overall economic efficiency. It also 

provides considerable guidance for the selection of retention 

trench level parameters during the subsequent open pit turn-

around. 

2. Maximum Trench Height Under Cost 

Compensation Constraint 

Taking the open-pit mine with a single huge thick inclined 

coal seam as an example, the economic cost compensation 

method is used to analyze the maximum trench level. When 

the full pressurization of the inner drainage field is changed to 

partial pressurization, the recovery of the overburdened coal 

resources in this process is compared with the cost of sec-

ondary stripping, the cost of increasing the transport distance 

of the stripped material, and the cost of increasing the external 

drainage, so as to determine the maximum level of trenching. 

When partial pressurization is carried out, the most signif-

icant impacts are: the economic benefits generated by the 

overburdened coal extracted after leaving the trench turned, 

the stripping costs of the second stripping after turning, the 

costs resulting from the change from double-loop transport to 

single-loop transport above the elevation of the left trench to 

increase the haul distance of the inner row, and the costs of the 

increased haul distance of the outer row stripping due to the 

left trench [11]. 

 
Figure 2. Diagram of the steering of the horizontal stay trench in the end gang of the adjacent mining area of the inclined coal seam open pit 

mine. 

Among them, the secondary stripping amount of the next 

mining area under the unit advance degree is: 

   
2

1 1 2

1
= cot cot

2
fV m Hh    ′      (1) 

In the formula: 

1V —The amount of secondary stripping under the height 

difference of ditch retention per unit advancing degree in 

adjacent mining areas, m³; 

H —Height difference between the ditch level and the 

surface, m; 

fh —Pit bottom depth in the first mining area, m; 

m —coal seam height difference, m; 

1 — side slope angle of the first mining area; 

1
′—The side slope angle of the next mining area. 

The volume per unit propulsion degree in the unrejected 

space is: 

  2 1 2= 2 cot cot2
2

f m H
H

V h    
 ′      (2) 

In the formula: 

2V —The amount of waste dumped in the outer dump site 

increased by leaving ditches under the unit advance degree, 

m³; 

2 —The west bank slope angle of the first mining area. 

The volume of overlying coal mined after steering: 
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In the formula: 

3
′—side slope angle without secondary stripping; 

 —Inclination angle of the inclined coal seam. 

(1) Under the unit propulsion degree, the economic benefit 

1W  brought by mining the overlying coal after turning is a 

positive benefit: 

1 3= cW P V                  (4) 

In the formula: 

cP —The unit price of coal, yuan/t; 

 —The bulk density of coal, t/m³. 

(2) Under the unit propulsion degree, the economic benefit 

2W  brought by the secondary stripping amount after steering 

is a negative benefit: 

2 1rW P V                   (5) 

In the formula: 

rP —Unit secondary stripping cost, yuan/m
3
. 

(3) Under the unit propulsion degree, the economic benefit 

3W  generated by the double-loop transportation of internal 

dump wastes above the ditch level is converted into sin-

gle-loop transportation and the increased internal discharge 

distance is a negative benefit: 

3W B Q L                 (6) 

   1 1
2

1cot cot cot
1

2
fQ L h Hm H      

 
  ′ ′  (7) 

In the formula: 

B —The unit price of truck transportation, yuan/m
3
·km; 

Q —The volume of the waste discharged from double-loop 

transportation to single-loop transportation, m
3
; 

L —The length of the working line at the bottom of the pit 

in the first mining area, m; 

L —The distance length increased by double-loop 

transportation transformed into single-loop transportation, m. 

(4) Under the unit propulsion degree, the unused disposal 

space of the inner dump site will result in the difference cost 

4W  caused by transporting part of the stripped material to the 

outer dump site, which is a negative benefit: 

3 2W C V                    (8) 

In the formula: 

C —The cost of land expropriation for the unit’s outer 

dump site and the increase in the transportation distance of the 

outer dump, yuan/m
3
; 

Through the comparative analysis of the cost compensation 

of the three types of costs, combined with the calculation 

method of compound interest in economics [12], the maxi-

mum level of ditch retention is determined as follows: 

  31 2 4 1
n

WW W W              (9) 

In the formula: 

 —Bank annual interest rate, %; 

n —The service life of mining area turning, a. 

Put the above formula into the simplification to get the 

function expression relation of H : 
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  (10) 

Through the above formula, this paper constrains the 

maximum height of the ditch at the end side. When the level 

of the ditch exceeds this height, the economic benefits brought 

by the ditch are negative. When the ditch is less than or equal 

to this part What is produced is a positive economic benefit 

value. The top view and cross-sectional view of the mining 

area are shown in Figure 3: 
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Figure 3. Schematic diagram of maximum ditch height in inclined 

seam open-pit mine. 

3. Ditch Height Under Overall 

Constraints of Total Cost 

Minimization 

Through the above economic benefit compensation method, 

this paper determines that the maximum height of the ditch 

during the diversion of the inclined coal seam open-pit mine is 

maxH , and the height of the ditch will be further restricted in 

the following. 

During the diversion period, the stripping material pro-

duced in the stope every year is divided into three parts, which 

are transported to the inner dump, the ditch space (the amount 

of ditch discharge) and the outer dump [13]. Among them, it is 

assumed that the stripped objects transported to the inner 

dump every year are fixed, that is, the inner dump is dis-

charged according to the normal elevation every year, while 

the stripped objects transported to the ditch part and the outer 

dump every year are dynamic change. From this, the rela-

tionship between the total cost and these quantities can be 

determined: when the height of the ditch becomes smaller, the 

amount of drainage in the ditch is increasing. For the stripped 

material, the transportation distance decreases, and the eco-

nomic benefits increase. The economic benefit is also im-

proved when the displacement is reduced, but for the amount 

of secondary stripping after steering, the amount of secondary 

stripping increases and the economic benefit decreases; The 

displacement is reduced, the transportation distance of some 

stripped objects is increased, the economic benefit is reduced, 

the external discharge is increased, the economic benefit is 

reduced, and the secondary stripping volume after the steering 

is reduced, the economic benefit becomes larger [14]. Now 

the objective function is to minimize the sum of transportation 

costs during the steering period and the secondary stripping 

costs after the steering, accumulate the costs of each part of 

each year during this period, and make the annual stripping 

logistics Change to the flow, so that the overall accumulated 

total economic benefit value is optimal [15]. 

 

3.1. Establishment of Ditch Height Planning 

Model 

The ditch height planning model during the turning period 

divides the entire model cycle into several stages according to 

the year, and gives the horizontal height of the ditch in each 

stage, so that the mine can be stripped in the entire cycle of 

model calculation, and the economic benefits of transporta-

tion plus the two after the steering The sum of the economic 

benefits of each stripping is optimal. The engineering position 

of each stage includes the height of the inner dump and the 

shape of the slope. The unit cost of production links such as 

perforation, blasting, and mining basically does not change 

with the change in the height of the ditch. Therefore, the 

economic benefits of the dynamic programming model for the 

horizontal height of the ditch during the diversion period 

mainly consider the cost caused by the change in the amount 

of stripped objects transported to different locations and The 

cost of the secondary stripping amount when mining the next 

mining area after the diversion is completed. 

3.2. Scientific Simplification of the Problem 

In reality, the flow direction of the stripped material from 

the internal drainage period of the inclined coal seam open-pit 

mine to the transition to the longitudinal mining period is to be 

able to be discharged inward as much as possible (excluding 

the level of the ditch), and the remaining stripped material is 

released in the form of internal drainage heightening or ex-

ternal drainage. In this process, factors such as the tracking 

distance of the inner row, the highest discharge elevation of 

the inner and outer dumps, the height of each step, the width 

of the working flat, and the slope angle of the dump all have 

an impact on it. Complete description, analysis, and analysis: 

It is costly and difficult to solve all the problems involved in 

turning to ditch retention, so it is necessary to further simplify 

the stripping flow each year. The simplification is as follows: 

determine the minimum tracking distance between the inner 

dump and the stope as minL ; determine that the inner dump 

will be discharged according to the highest elevation except 

for the ditch part; Only the centroid position of the stripping 

and discarding stages is considered in each year. The hori-

zontal and vertical distances were calculated according to the 

position changes of the center of mass in the stripping stage 

and the corresponding discarding stage; the slope angle  of 

the inner dump site was determined to be a constant value 

[16]. 

3.3. Ditch Dynamic Adjustment Constraint 

Range 

After the relevant simplification of the above problems, 

according to the development law of mining stripping and 

drainage engineering, it is necessary to adjust the dynamic 

planning of relevant stages [17]. 
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(1) The height of the ditch should be less than the maximum 

horizontal ditch height maxH , and in the limit state, no ditch 

should be left, that is, the height of the ditch should be greater 

than 0. 

max0 iH H                 (11) 

In the formula: 

maxH —The height of the ditch for each year, m. 

(2) Under ideal conditions, the total amount of waste W in 

each year should be equal to the loose volume corresponding 

to the stripped amount W in the stripping stage, and the 

volume of the total amount of waste is equal to the sum of the 

volumes of waste in each part: 

=p c
i i

p
i i i i

V V

V n w v



 





               (12) 

In the formula: 

 —is the loose coefficient, dimensionless; 

c
iV —is the stripping amount in the year, m

3
; 

p
iV —is the amount of discharge in the year, m

3
; 

in —Internal displacement per year, m
3
; 

iw —Exhaust discharge per year, m
3
; 

iv —is the volume of material corresponding to the height 

of the ditch in each year, that is, the amount of secondary 

stripping after turning, m
3
. 

(3) Considering the follow-up open-pit mine reclamation 

work, stripping, and the working parameters of the dumping 

equipment, the height difference between the horizontal 

stages of adjacent ditch retention should not be too large, and 

should be less than or equal to the internal dump site Maxi-

mum height difference between adjacent stages: 

1i iH H h                 (13) 

In the formula: 

1iH  —Height of ditch in the next year, m; 

h —Maximum height difference between adjacent stages 

of the internal dump, m. 

3.4. Model Building 

The mining stripping and discarding in the model solution 

period are considered year by year, and the stope determines 

the location of the stripping stage, the centroid of the stripping 

stage and other data according to the fixed advance rate or 

production capacity, as the known conditions for the model 

solution [18]. Taking the minimum sum of the transportation 

cost in the whole diversion and the secondary stripping cost 

after the diversion as the optimization goal, the height of the 

trench retention in different engineering positions of the re-

tention level is solved and the optimal cost in the entire cal-

culation period is obtained. 

The objective function of the model needs to consider the 

calculation method of transportation cost [19], and the cal-

culation mainly considers the horizontal transportation dis-

tance, vertical lifting height, and the volume of waste. Right 

now: 

 

 

= , ,

= , ,

n s h
i i i i

w s h
i i i i

C f l l n

C f l l w







′ ′
             (14) 

In the formula: 
n

iC —transportation cost in a year, yuan; 

w
iC —The transport cost of efflux in the year, yuan; 

s
il 、 s

il
′—the horizontal transportation distance between 

the discarding stage and the corresponding stripping stage in 

each year, km; 
h

il 、 h
il
′—Height difference between the centroid of the 

discarding stage and the stripping stage of each year, km. 

The height of the ditch is iH  as follows: 

 
 

= , ,

=

l s h
i i i i

i i

C f l l v

v f H






              (15) 

In the formula: 
l

iC —The transportation cost of stripped objects to the 

ditch in year i , yuan; 

The height of the ditch is iH  and the second stripping fee 

per year after turning: 

 

 

=

=

b
i i

i i

C f v

v f H





                 (16) 

In the formula: 
b

iC —The corresponding secondary stripping fee in the i  

year after the diversion, yuan; 

Based on the above simplification and analysis, an opti-

mization model for the ditch height during the diversion pe-

riod of the inclined coal seam open-pit mine under the condi-

tion of internal drainage is established: 

 
1

min

n
n w l b

i i i i

i

C C C C C



          (17) 

http://www.sciencepg.com/journal/ijees


International Journal of Energy and Environmental Science http://www.sciencepg.com/journal/ijees 

 

168 

max

1

=

0

p c
i i
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i

i i
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H H
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

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 
              (18) 

In the formula: 

C —total cost of expenses, yuan; 

That is, the constraint conditions only include four groups 

of variables: the amount of ditch discharge iv , the amount of 

internal dump in , the amount of outer dump iw , and the 

height of the ditch iH , and the conditions for the height of the 

ditch are known according to the above formula Then, the 

corresponding amount of ditch discharge can be calculated, 

and because the height of the internal dump is determined, the 

annual discharge of the internal dump can be determined. 

According to the total amount of annual discharge, The dis-

charge volume of the outer dump can be obtained. Therefore, 

the constraint condition is simplified as an expression of a 

group of variables of ditch height iH  (ditch discharge 

amount iv ). 

As for the objective function, on the basis of determining 

iH  and iv , the geometry of the ditch area can be determined. 

With the help of mining software such as 3DMine, the coor-

dinates of the centroid of the rejection stage can be determined 

by using differential, integral, and interpolation methods. The 

data such as the center of mass of the stripping stage can be 

obtained directly through 3DMine software, and the hori-

zontal transportation distance and vertical lifting distance can 

be further calculated according to the centroid of the stripping 

stage and the discarding stage, and the entire mine can be 

obtained according to the calculation method of the trans-

portation cost of the specific mine. The total cost for the 

model calculation period. The fluctuating ditch model is 

shown in Figure 4: 

 
Figure 4. Schematic diagram of undulating ditch retention in in-

clined seam open-pit mine. 

4. Case Analysis 

An open-pit mine belongs to the inclined coal seam 

open-pit mine. The main recoverable coal seam is a single 

thick coal seam Group B coal seam, the coal seam dip angle is 

4°~31°, and the average mineable coal seam thickness is 

69.43m. At present, mining is carried out from north to south 

in the first mining area, and the method of horizontal mining 

and internal row is adopted for advancement, and the stripping 

adopts the single-bucket truck intermittent process. Due to the 

large advance stripping, the uppermost flat plate is about 

1583m away from the boundary of the mining area, and it will 

soon face the problem of turning. When determining the 

turning period of the open-pit mine, it is necessary to reserve 

the end side ditch in advance to reduce the amount of sec-

ondary stripping in the mining after turning to the next mining 

area. The author optimizes the level of ditch retention based 

on the direction and flow of the stripping material during the 

seven-year period from the start of ditch retention in 2023 to 

the end of ditch retention in 2029 in the open-pit mine [20]. 

The working line in the first mining area of the open-pit 

mine is arranged in a straight line, and the minimum tracking 

distance between the dump and the stope is maintained year 

by year. The inner dump is discharged according to the sur-

face elevation. When the disposal space is insufficient, it is 

transported to the outer dump for disposal. Way. As shown in 

Figure 5: 

 
Figure 5. The current situation of an open-pit mine in 23 years. 

The main parameters of the open-pit mine are as follows: 
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Table 1. Relevant parameters of the open-pit mine during ditch retention. 

Main parameter symbol Numerical size Unit 

β1 35 ° 

β′
1 20 ° 

β2 35 ° 

β′
3 35 ° 

θ 11 ° 

m 69.3 m 

hf 190.5 m 

L 1300 m 

Lmin 50 m 

Pc 131.26 t/yuan 

γ 1.27 t/m3 

Pr 8.80 yuan /m3 

B 2.00 yuan /m3·km 

C 3.50 yuan /m3 

 

Bring the above relevant data into the above formula to 

calculate the maximum ditch height under the effect of eco-

nomic compensation. 

 
Figure 6. Maximum trench height under the economic compensation 

method. 

It can be seen from Figure 6 that when the mining depth in 

the initial mining area is 260m, the maximum trench heights 

calculated by the cost compensation method are 20m and 

180m respectively, does not meet the ditch steering require-

ments. Therefore, the maximum ditch height is taken as 180m. 

At this time, the horizontal height of the ditch is 80m. On this 

basis, the model is used to solve the height of the ditch at each 

stage of the fluctuation change. 

4.1. Model Solution Process 

When the parameters and formulas are determined, the 

sequential recursion method is used to solve the model. The 

model solution process is shown in Figure 7: 

 
Figure 7. Flowchart of solving the dynamic programming model of 

ditch height. 

4.2. Model Calculation Results 

According to the stripping flow direction and flow planning 

of the stripping plan of the open-pit mine from 2023 to 2029, 

the annual overall stripping volume, flow direction, and cor-

responding costs of fluctuating changes in the height of the 

ditch during this period were planned. The results are shown 

in Table 2. Table 3 shows: 
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Table 2. The annual stripping flow direction and flow chart of the fluctuating height of the ditch in the open-pit mine. 

Year 
Annual stripping vol-

ume/10,000 m3 

External discharge/10,000 

m3 

Internal displace-

ment/10,000 m3 

Amount of internal drain-

age ditch/10,000 m3 

2023 5463.91 1627.56 718.21 3114.14 

2024 3861.5 968.17 679.32 2214.01 

2025 4889.41 1143.13 984.94 2761.34 

2026 5794.19 2140.59 723.67 2629.93 

2027 4936.06 1414.14 1146.21 2375.71 

2028 4624.38 1567.24 911.81 2145.33 

2029 4531.67 2193.11 768.26 1570.03 

Table 3. The annual cost of stripped objects in the fluctuating height of the ditch in the open-pit mine. 

Year 

Expenses for 

evacuation/10,000 

yuan 

Inner row 

cost/10,000 

yuan 

Internal 

drainage ditch 

cost/10,000 

yuan 

Second strip-

ping 

cost/10,000 

yuan 

Total annual 

cost/10,000 

yuan 

Ditch 

height/m 

Total 

cost/10,000 

yuan 

2023 20670.012 3231.945 7473.936 27404.432 58780.325 214.5 

362836.58 

2024 13263.929 2581.416 6642.03 19483.288 41970.663 190.5 

2025 15889.507 3447.29 6903.35 24299.792 50539.939 206.7 

2026 28255.788 2388.111 5785.846 23143.384 59573.129 201.3 

2027 20363.616 3553.251 4988.991 20906.248 49812.106 189.6 

2028 24762.392 2553.068 3647.061 18878.904 49841.425 181.2 

2029 33993.205 1997.476 2512.048 13816.264 52318.993 166 

The annual overall stripping volume flow direction and the corresponding cost planning results of the open-pit mine under the 

normal ditch level during this period are shown in Table 4 and Table 5: 

Table 4. The open-pit mine maintains the normal ditch level annual stripping flow table. 

Year 
Annual stripping vol-

ume/10,000 m3 

External dis-

charge/10,000 m3 

Internal displace-

ment/10,000 m3 

Amount of internal drainage 

ditch/10,000 m3 

2023 5463.91 3171.4 718.21 1570.3 

2024 3861.5 1611.88 679.32 1570.3 

2025 4889.41 2334.17 984.94 1570.3 

2026 5794.19 3200.22 723.67 1570.3 

2027 4936.06 2219.55 1146.21 1570.3 

2028 4624.38 2142.27 911.81 1570.3 

2029 4531.67 2192.84 768.26 1570.3 
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Table 5. The open-pit mine maintains the normal level of trench retention and annual stripping costs. 

Year 

Expenses for 

evacuation/10,000 

yuan 

Inner row 

cost/10,000 

yuan 

Internal drainage 

ditch cost/10,000 

yuan 

Second strip-

ping 

cost/10,000 

yuan 

Total annual 

cost/10,000 

yuan 

Ditch 

height/m 

Total 

cost/10,000 

yuan 

2023 40276.78 3231.945 3768.72 13818.64 61096.09 

166 377668.50 

2024 22082.76 2581.416 4710.9 13818.64 43193.71 

2025 32444.96 3447.29 3925.75 13818.64 53636.64 

2026 42242.9 2388.111 3454.66 13818.64 61904.32 

2027 31961.52 3553.251 3297.63 13818.64 52631.04 

2028 33847.87 2553.068 2669.51 13818.64 52889.08 

2029 33989.02 1997.476 2512.48 13818.64 52317.62 

 

From the above Table 2, Table 3, Table 4, and Table 5, it can 

be seen that when the same level of normal ditch height is 

used as a whole to retain the ditch, the total sum of the strip-

ping flow, flow rate, and secondary stripping costs after the 

diversion is 377668.50 during the ditch retention period. 

10,000 yuan; when using the fluctuating type of trench reten-

tion at different levels in each stage, the output trench heights 

are: 214.5m, 190.5m, 206.7m, 201.3m, 189.6m, 181.2m, 

166m, and the total cost is the lowest, and the cumulative sum 

is 3,628,365,800 yuan. Compared with the traditional way of 

keeping trenches at the same level, it saves 148.3192 million. 

5. Discussion 

In this paper, based on the linear programming method 

commonly used in optimization design, combined with the 

economic benefit compensation method and the cost mini-

mization method, the height of the ditch during the steering 

period is studied. With the goal of minimizing the total cost of 

stripping during the turning period and the total cost of the 

second stripping after the turning period, the influence of 

fluctuating ditch retention during the turning period is con-

sidered. 

According to the production characteristics of open-pit 

mines, during the transition period of the mining area, the 

method of slowing the side and leaving the ditch is usually 

used. Drawing lessons from the concept of compound interest 

in economics, it is restricted to the maximum height of the 

trench; combined with the minimum sum of costs in this 

process, a corresponding model is established to constrain the 

optimal height of the trench at each stage. 

Combined with a specific example, collect relevant im-

portant parameters of the mine from 2022 to 2028 during the 

transition period, and substitute them into the above solution 

model. Compared with the traditional scheme, the net benefit 

value has increased by 148.3192 million yuan. The optimiza-

tion effect is obvious. 

The ditch height planning model established in this paper is 

based on the year as a unit, and the overall optimization of the 

ditch height within 7 years is carried out, and the overall 

optimal plan is obtained. At the same time, this paper also has 

the following deficiencies: (1) only considering the impact of 

the height of the ditch on the economy, ignoring the impact of 

the height of the inner row; (2) ignoring the planning of each 

year. But generally speaking, the method proposed in this 

paper can improve the efficiency of the enterprise as much as 

possible during the diversion period and has a positive effect 

on the formulation of the diversion ditch retention plan for 

inclined coal seam open-pit mines. 

6. Conclusion 

(1) Qualitative and quantitative analysis was carried out on 

the factors affecting the ditch level during the diversion of the 

inclined coal seam open-pit mine, and the height of the ditch 

and the internal displacement of the ditch, the internal dis-

placement, the discharge of some stripped objects caused by 

the ditch, and the diversion were deduced respectively. The 

formula for calculating the amount of secondary peeling after. 

(2) Taking the minimum value of the total cost of stripping 

material transportation costs during the diversion to ditch 

retention and the total cost of secondary stripping costs after 

diversion as the objective function, the overall cost is con-

strained by restricting the height of ditch retention in different 

periods, and the level fluctuation of ditch retention is estab-

lished. Mathematical model of the formula change. Taking an 

open-pit mine as an example, during the 7-year period when it 

turned to ditch retention, a set of most suitable ditch heights 

was output through fluctuating ditch retention, and the hori-

zontal position of the side ditch retention in each of the next 7 

years was obtained. Thus, the annual internal discharge 

volume, external discharge volume, and internal drainage 
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ditch volume are further obtained. Through the comparison of 

the cumulative total cost, it can be concluded that compared 

with the traditional ditch at the same level, the total cost saved 

by this scheme is 148.3192 million. 

Funding 

This research was funded by the National Natural Science 

Foundation Key Project (U1361211) and National Natural 

Science Foundation General Program (51474119). 

Author Contributions 

Yu Wen: Data curation, Investigation, Methodology, 

Software, Validation, Visualization, Writing - original draft, 

Writing - review & editing 

Ziling Song: Conceptualization, Formal Analysis, Funding 

acquisition, Project administration, Supervision, Writing - 

review & editing 

Bo Zhao: Investigation, Resources 

Mingjia Lv: Resources, Supervision 

Data Availability Statement 

The data used to support the findings of this study are 

available from the corresponding author upon request. 

Conflicts of Interest 

The authors declare no competing interests. 

References 

[1] Wang Zhaodong. Study on optimization of successive 

stripping engineering in mining areas of zoned open pit coal 

mines [D]. Liaoning University of Engineering and Tech-

nology, 2015. 

[2] Bai Runcai, Bai Wenzheng, Liu Guangwei et al. Staging realm 

optimization of cross mining and internal discharge in narrow 

and long open pit mines with inclined coal seams [J]. Journal 

of Coal, 2017, 42(10): 2601-2608.  

https://doi.org/10.13225/j.cnki.jccs.2017.0378. 

[3] Chang ZG, Chen YJ, Duan KP, et al. Study on the depth of 

triangular coal retention trench in parallel open-pit coal mines 

with internal drainage of pressure gang [J]. Coal Engineering, 

2016, 48(03): 15-17.  

https://doi.org/10.11799/ce201603005. 

[4] Liu GW, Li P, Li CS et al. Comprehensive optimization of 

drainage gang height and repeated stripping depth within ad-

jacent mining areas in open pit mines [J]. Journal of Chongqing 

University, 2015, 38(06): 23-30.  

https://doi.org/10.11835/j.issn.1000-582X.2015.06.004 

[5] Zhang D, Luo Huaiting, Liu Y et al. Economic analysis of the 

height of the stay trench between mining areas of adjacent open 

pit coal mines [J]. Open pit mining technology, 2016, 31(06): 

41-45.  

https://doi.org/10.13235/j.cnki.ltcm.2016.06.012. 

[6] Liu P, Cai Q-X, Li J-B, et al. Optimization of pressure gang 

height between open pit mining areas based on marginal cost 

net present value method [J]. Chemical Minerals and Pro-

cessing, 2017, 46(07): 25-28.  

https://doi.org/10.16283/j.cnki.hgkwyjg.2017.07.008 

[7] Ma L, Xiao S. S., Chang Z. G. et al. Optimization of trench 

height between mining areas in open pit coal mines based on 

internal drainage of pressure gang [C]//Surface Mining Pro-

fessional Committee of China Coal Society. Proceedings of the 

Eighth Scientific and Technical Symposium on Surface Mining. 

[publisher unknown], 2019: 10.  

https://doi.org/10.26914/c.cnkihy.2019.095334 

[8] Cheskidov V I, Reznik A V. Specifics of Internal Overburden 

Dumping in Open Pit Mining [J]. Journal of Mining Science, 

2022, 58(2): 227-233.  

https://doi.org/10.1134/S1062739122020065 

[9] SONG Ziling, ZHAO Dongyang, ZHANG Yuhang, et al. 

Research on fuzzy evaluation of ecological environment 

evaluation system for green mining in open-pit coal mines [J]. 

Coal Science and Technology, 2019, 47(10): 58-66.  

https://doi.org/10.13199/j.cnki.cst.2019.10.006 

[10] Zhao Hongze. Research and Application of Key Technologies 

for Surface Mining of Near Horizontal to Tilted Coal Seams 

[D]. China University of Mining and Technology (Beijing), 

2012. 

[11] Chang ZG, Li KM, Chen YJ, et al. Study on the depth of right 

angle steering slow gang stay trench in open pit mining area [J]. 

Coal Engineering, 2014, 46(07): 88-90.  

https://doi.org/10.11799/ce201407029 

[12] Gryshova I, Shabatura T, Girdzijauskas S, et al. The Paradox of 

Value and Economic Bubbles: New Insights for Sustainable 

Economic Development [J]. Sustainability, 2019, 11(24): 6888. 

https://doi.org/10.3390/su11246888 

[13] HUANG Fu. Long-term planning of internal dumping in sur-

face coal mining [D]. Xuzhou: China University of Mining & 

Technology, 2017: 22-28. 

[14] SONG Ziling, ZHAO Dongyang, ZHANG Yuhang. Optimiza-

tion of green mining process system and process link matching 

model of open-pit coal mine [J]. Open-pit Coal Mining Tech-

nology, 2020, 35(05): 1-4.  

https://doi.org/10.13235/j.cnki.ltcm.2020.05.001 

[15] CAI Liping, LI Gang, SHI Wenzhong. Optimal design for land 

l expanding and conserving open pit dump [J]. Journal of 

China Coal Society, 2013, 38(12): 2208-2214.  

https://doi.org/10.13225/j.cnki.jccs.2013.12.026 

[16] Xiao S. S., Huang F., Li K. M. et al. Long-term planning model 

of internal drainage in open pit mine and its solution method [J]. 

Journal of Coal, 2018, 43(04): 951-958.  

https://doi.org/10.13225/j.cnki.jccs.2017.1005 

http://www.sciencepg.com/journal/ijees


International Journal of Energy and Environmental Science http://www.sciencepg.com/journal/ijees 

 

173 

[17] SONG Ziling, JIA Zhengzhao, WEN Yu. Blasting and crushing 

mechanism and optimization of blasting parameters in coal 

mine [J]. Journal of Liaoning Technical University (Natural 

Science Edition), 2024, 43(05): 556-564.  

https://doi.org/10.11956/j.issn.1008-0562.20240182 

[18] Wen, Y., Song, Z., Fan, J. et al. Research on controlled mining 

of end slope fire-burned area in open-pit mine. Sci Rep 14, 

21152 (2024). https://doi.org/10.1038/s41598-024-72017-7 

[19] Wang Dong, Li Guanghe, Cao Lanzhu, et al. Layout method of 

soil discharge line in open-pit coal mine based on maximizing 

the utilization of internal discharge space [J]. Journal of China 

Coal Society, 2020, 45(09): 3150-3156.  

https://doi.org/10.13225/j.cnki.jccs.2019.0909 

[20] Song, Z., Wen, Y. & Jia, Z. Analysis of the impact of rock joint 

cracks on blastability of burnt rock in Xinjiang open pit coal 

mines. Sci Rep 15, 16179 (2025).  

https://doi.org/10.1038/s41598-025-99992-9 

 

http://www.sciencepg.com/journal/ijees

