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Introduction: Taking Yunnan Phosphate Group Co., Ltd. Kunyang PhosphateMine
No. 2 as the engineering background, this study aims to explore mining methods
for deep ore bodies in phosphorus mines. Three mining schemes, namely open-
pit mining, open-pit deep concave mining, and underground mining, were
carefully selected for optimization. This article thoroughly analyzes the three
schemes from various perspectives, including technical, economic, safety, and
other aspects.

Methods: The assessment of these aspects was conducted using the entropy
weighted TOPSIS method. The technical aspects focused on evaluating the
mining methods employed in each scheme. The economic aspects considered
factors such as initial investment, resource recovery rate, phosphate content,
production scale, infrastructure, and mining costs. Safety aspects took into
account transportation safety and production safety. Additionally, the analysis
considered environmental impact as one of the key factors. In total, 10 indicators
were quantified to provide a comprehensive evaluation. To assess the schemes,
the positive and negative ideal distances (Di

+, Di
−) and the relative proximity (Ci) for

open-pit mining, open-pit deep concave mining, and open-pit to underground
mining were calculated. These calculations helped to determine the relative
performance of each scheme.

Results: The relative closeness values (Ci) for Scheme 1, Scheme 2, and Scheme 3
are determined as 1.00, 0.09, and 0.68, respectively.The evaluation results indicate
that the relative closeness (Ci) for open-pitmining in Scheme 1 is 1.00, for open-pit
deep concavemining in Scheme 2 is 0.09, and for undergroundmining in Scheme
3 is 0.68. Through comparison and analysis of these results, it can be concluded
that open-pit mining is the most optimal method. However, considering the fact
that the open-pit portion of Kunyang Phosphate Mine No. 2 has already been
extensivelymined, the study recommends undergroundmining as the bestmining
plan for the phosphate mine.

Discussion: By applying the entropy weight TOPSIS method to underground
mining, this study overcomes the challenge of transitioning from qualitative to
quantitative analysis for selecting mining methods. The mathematical approach
enables the presentation of optimal mining techniques in a more precise manner.
Through comparison of relative closeness, an optimal solution can be selected.
This method holds significant value not only for selecting suitableminingmethods
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for phosphorus mines but also for choosing optimal solutions for underground
mining methods, drainage, ventilation, and other relevant considerations.

KEYWORDS

engineering background, phosphate mining, scheme optimization, quantification of
indicators, mining plan

1 Introduction

Phosphate ore is a crucial chemical mineral raw material with
widespread applications in new energy, new materials, grain
production, the modern chemical industry, and national
defense in China. The Ministry of Land and Resources has
listed phosphorus as one of the 20 mineral types that cannot
meet the needs of national economic development after 2010.
The growth and demand for phosphate mineral resources are
currently encountering a challenging situation (Li Y. J. et al.,
2015).

China boasts abundant phosphate ore resources, ranking
third in the world in terms of proven reserves, following
Morocco and the United States. The provinces of Yunnan,
Guizhou, Sichuan, Hubei, and Hunan serve as the principal
regions for storing phosphate ore resources in China,
collectively holding reserves of 9.86 billion tons, which
accounts for 74.5% of the country’s total reserves (Wu et al.,
2021). However, the average grade is only 16.95%, with only 5.8%
of rich ore exceeding 30% and up to 90% of medium-to-low-
grade phosphate ore that cannot be directly utilized. At the same
time, China is the largest demand country for phosphorus ore
globally, consuming 60 million tons of phosphorus ore annually
and extracting about 30 million tons of rich ore annually. The
remaining rich ore can only sustain mining for over 10 years
(Zhao et al., 2021; He, 2022).

There are three primary mining methods for phosphate ore in
China: open-pit mining, open-pit deep concave mining, and
underground mining. Numerous scholars have conducted
comprehensive research on these methods. Wei et al. (2022),
considering the current research status of mining in China,
discussed the mining technology, mining boundary, stripping
process, and safety aspects of open-pit mining operations using a
stepped open-pit mining method. They also proposed technical
safety measures to enhance open-pit mining practices. Liu et al.
(2023) focused on optimizing the mining process and equipment
layout for the Huolin Hebei open-pit mine. They determined the
mining process, equipment selection, and layout that best met the
specific needs of the Huolin Hebei mine, aiming to reduce
production costs and improve economic benefits. Sun (2021)
specifically targeted deep open-pit mines as their research
objective. They addressed challenges such as increased mining
difficulty, heightened slope height, intensified environmental
pollution, and the prevention and drainage of mining pits. To
tackle these issues, they proposed a range of effective
countermeasures.

In order to reduce transportation costs in open-pit mining,
Chen et al. (2019) conducted an economic comparison and
selection of plans based on specific overseas open-pit mining
projects. Eventually, they identified the most suitable plan for

the mining company Kangshi. Meanwhile, Wang J. et al. (2023)
performed an analysis and research on various aspects
including mining limits, transitioning from open-pit to
underground development, mining methods for hanging wall
and deep ore bodies. They determined that the sublevel caving
method without bottom pillars is the most suitable for
extracting deep ore bodies. Furthermore, Gong (2022)
analyzed the common issues in underground mining and
highlighted relevant mining problems and countermeasures
in line with the safety production requirements of the new
era. The objective was to establish a mining environment that is
both safe and efficient, fostering the sustainable development of
mining enterprises, all while ensuring the preservation of the
overall benefits derived from mineral resource extraction. Open
pit mining has numerous advantages compared to open pit deep
concave mining and underground mining. One major
advantage of open pit mining is its high safety index, which
reduces the likelihood of mine safety accidents. Furthermore,
open pit mining requires lower initial investment and has fewer
infrastructure construction costs, thereby maximizing mining
efficiency. However, as mining intensity increases, some open-
pit ore bodies have already been depleted, leading many mines
to transition towards open pit deep mining or even
underground mining. As open-pit deep mining advances,
some of the advantages traditionally associated with open-pit
mining are gradually diminishing. The management and
control of high and steep slopes formed during open-pit
deep mining are becoming increasingly challenging.
Moreover, high and steep open-air slopes are highly
susceptible to disasters such as surface cracking, collapse,
landslides, mudslides, and ground subsidence (Du et al.,
2022; Wu and Tang, 2022). Therefore, the future
development trajectory of phosphorus mines largely depends
on the choice between continuing open-pit deep mining or
making a direct transition to underground mining.

2Overview of Kunyang PhosphateMine
No. 2 project

2.1 Geographical and traffic location of the
mining area

Kunyang Phosphate Mine No. 2 is situated southwest of the
Dianchi Phosphate Accumulation Zone, adjacent to Kunyang
Phosphate Mine (mining areas 1 to 4) to the east (Chen and Han,
2021). It is also located near Xiaojiaying Phosphate Mine to the
west and Haikou Phosphate Mine to the north. The mine is in
Erjie Town, Jinning District. The exploration line runs between
56 and 74, with an east-west length of approximately 4.5 km, a
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north-south width of around 1.7 km, and an area of 7.66 km2. At
the northern end of the mining area, there are several major
transportation routes, including 320 National Highway, the
Kunming, Kunyang, Yuxi Railway and Highway, the Gaohai
Expressway, and the Anjin Expressway to the east, as well as
the Bajie Erjie Haikou Highway to the south. Within the mining
area is an interconnected network of roads, with a total mileage of
about 13 km to the urban area of Jinning District and around
62 km to Kunming City. The nearest train station to the mining
area is Zhongyi Village Station, which is approximately 10 km

away and has highly convenient transportation (Shen and Ning,
2022).

The mining area’s surface extends in a long serpentine shape
from southwest to northeast, with an overall terrain higher in
the north and lower in the south. The highest elevation is
2,335 m from the edge of the mining boundary in the north
of the mining area, while the lowest height is 1938.7 m from the
gully near the mining boundary in the southwest of the mining
area (which is the lowest erosion benchmark within the mining
area), with a relative elevation difference of 396.3 m. The

TABLE 1 Classification standards for mining schemes.

Ranking Converted value Descriptive ranking

excellent 0.85–1 The plan is good, and the technical feasibility is high

Relatively good 0.70–0.85 The plan is relatively good, and the technical feasibility is high

average 0.55–0.70 The plan is average, and the technical feasibility is low

below average 0.30–0.55 The plan is below average, and the technical feasibility is low, significantly impacting the environment

Poor 0–0.30 The plan is extremely poor and significantly impacts the ecological environment

TABLE 2 Advantages and disadvantages of four mining methods.

Pillar less caving method Room and pillar Pseudo inclined segmented
strip method

Combined bench mining

Advantage 1. Engineering layout briefing
2. Low cutting ratio

1. Convenient production
organization
2. Good adaptability to changes in
ore body morphology

1. Convenient for separate mining of upper
and lower ore layers
2. Low poverty and loss indicators 3. Easy
to remove stone inclusions

1. Effectively reducing haul distance
2. Beneficial to the stability of the
slope in the mining area
3. Balanced stripping ratio

Disadvantage 1. Unable to separate mining of
upper and lower layers
2. High poverty and loss
indicators
3. Unable to remove stone
inclusions
4. Causing surface subsidence

1. Large pillar size
2. High loss rate
3. The interlayer seriously affects
the stability of the pillar

1. Cumbersome production organization
2. Complex mining preparation
engineering

1. Mixed Mining Types
2. Poor selectivity

FIGURE 1
Evaluation index system of mining plan.
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mining area is in a gently sloping zone with deep groundwater
burial. There are no surface water bodies inside or near the
mining area, and the terrain slope in the mining area is
relatively gentle. Moreover, there are no residential villages
in the mining area.

3 Discussion on underground mining
methods of phosphate ore

Drawing on the construction method and principles of the
evaluation index system for mining plans, a theoretical system
evaluation index system is formulated, taking into account
factors such as technology, economy, safety, and other relevant
aspects. The 10 most influential sub-factors are carefully selected to
construct the evaluation index system for Kunyang Phosphate Mine
No. 2’s mining plan, visualized in Figure 1. The resulting system
provides a thorough and rigorous representation of the relevant
influencing factors of the mining plan.

In all the evaluation index systems, certain aspects such as
mining method, infrastructure facilities, transportation safety,
mining safety, environmental factors, and others cannot be
precisely quantified with numerical values. These factors fall
under qualitative indicators. To address these concentrated
influencing factors, Kunyang Phosphate Mine No. 2 sought the
expertise of specialists to classify the specific plans based on the on-
site engineering geological conditions and engineering background,

as presented in Table 1. The optimal selection levels are categorized
as follows: excellent, relatively good, average, below average,
and poor.

4 Comprehensive evaluation and
analysis method based on entropy
weight TOPSIS method

The TOPSIS method ranks a limited number of evaluation
objects by measuring their proximity to an idealized goal. It
allows for the assessment of relative strengths and weaknesses
among existing objects. This sorting method generates solutions
that approximate to the ideal, while concurrently ensuring that each
utility function exhibits monotonic properties of increase (or
decrease). The TOPSIS method is widely employed as an
effective approach in multi-objective decision analysis, often
referred to as the distance between superior and inferior
solutions (Huang et al., 2014).

4.1 Establishment of evaluation indicators
for deep ore body mining

Drawing from the investigation of mining methods for deep ore
bodies, the primary technical evaluation indicators (mining
methods) are established. Additionally, economic evaluation

FIGURE 2
Contour map of P2O5 content in the upper ore layer.
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indicators encompass aspects such as initial investment, resource
recovery rate, phosphate content, production scale, infrastructure,
and mining costs. Safety considerations encompass transportation
safety and mining safety. Furthermore, the evaluation encompasses
four aspects and ten indicators, including other factors related to the
environment.

Step 1: Establishing an Initial Evaluation Index Matrix.
To begin with, we need to create an initial evaluation index matrix.

Let’s assume that there are V evaluation indicators U evaluation
schemes. The matrix denoted as X � (aij)U×V, will consist of the
data indices for each evaluation scheme. Here, aij represents the
value of the j (j = 1,2 . . . , V) index corresponding to the i (i = 1,2
. . . ,U) evaluation scheme. Suppose that there areV evaluation indicators
andU evaluation schemes. The initial data indicator matrix is formed as
X � (aij)U×V, where aij corresponds to the value of the j (j = 1,2 . . . , V)
indicator for the i (i = 1,2 . . . ,U) evaluation scheme.

X �
aij / aiV

..

.
1 ..

.

aUj / aUV

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

Step 2: Normalize the initial matrix.
To normalize the indicator matrix, the difference between each

indicator value aij and the minimum value in the indicator matrix is
divided by the range of the indicator matrix. This calculation yields a
positive indicator normalization matrix, denoted as G+. Similarly,

the difference between the maximum indicator value and each
indicator value aij is divided by the range of the indicator
matrix, resulting in a negative indicator normalization matrix
known as G−.

Positive indicator value: The greater the corresponding indicator
parameter, the higher the feasibility of the solution.

zij �
aij −min aij( )

max aij( ) −min aij( ) (1)

Negative indicator value: A higher value of the corresponding
indicator parameter indicates greater solution feasibility.

zij �
max aij( ) − aij

max aij( ) −min aij( ) (2)

Step 3: Calculate the proportion of initial indicator values.
To obtain the processed indicator rij, divide the indicator value

aij by the sum of the elements in the corresponding column, denoted

as ∑U
i�1aij.

rij � aij∑U
i�1aij

(3)

Step 4: Calculate the information entropy Ej and information
utility value dj of each indicator.

FIGURE 3
Contour map of the upper ore layer.
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Ej � − 1
lnU

∑U

i�1 rij ln rij( ) (4)
dj � 1 − Ej (5)

Step 5: Calculate the weights of each indicator wj.

dj∑V
j�1dj

� wj (6)

Step 6: Constructing a weighted matrix involves multiplying G+

and G− with their respective indicator weights. This multiplication
yields the weighting matrix, denoted as G*.

Step 7: To find the optimal and worst solutions for each indicator,
establish a positive ideal solution vector denoted as G*+ and a
negative ideal solution vector denoted as G*−. These vectors
represent the best and worst possible values for each indicator,
respectively.

Gp+
j � max

1≤ i≪ u
max G*

ij{ } j � 1, 2/v( )
Gp−

j � min
1≤ i≤ u

min G*
ij{ } j � 1, 2/v( )

⎧⎪⎨⎪⎩ (7)

Step 8: : Calculate the distanceD+
i andD

−
i between the i evaluation

scheme and positive and negative ideals.

D+
i �

��������������∑V

j�1 Gij
* − Gp+

j( )2√
(8)

D−
i �

��������������∑V

j�1 Gij
* − Gp−

j( )2√
(9)

In the formula, G*+
j and G*−

j are the optimal and worst solutions
of the corresponding indicators for the i evaluation scheme.

Step 9: Calculate the relative proximity Ci of each solution.

Ci � D−
i

D−
i +D+

i

0≤Ci ≤ 1( ) (10)

Step 10: Scheme optimization. The greater the relative closenessCi,
the higher the comprehensive score, and the closer the solution is to
the ideal solution.

5 Optimization of phosphate mining
methods

There are three plans for mining the ore body of Kunyang
Phosphate Mine No. 2. The first Scheme focuses solely on surface
mining. Scheme 2 involves open-pit deep mining, while Scheme
3 involves underground mining. The discussion will address
technical aspects, economic aspect, safety aspect, and other
relevant aspects.

FIGURE 4
Contour map of P2O5 in the lower seam.
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Scheme 1: From a mining method perspective, surface mining
adopts open-pit bench mining. Based on the on-site data, the initial
investment in certain mining areas of Kunyang No. 2 Phosphate
Mine amounts to 500,000 yuan. The stripping amount in surface
mining is significant initially but gradually decreases over time. The
recycling rate for surface mining stands at approximately 90%.
According to geological exploration results, the phosphate rock
content during the surface mining period is 27%, with a
production scale of 1 million tons. In terms of infrastructure, a
comprehensive production, living, and fire water supply and
drainage system, along with the corresponding configuration
workshops and various equipment factories, have been

established. The cost of surface mining is relatively low in the
early stage, but as the mining progresses, the price significantly
increases, averaging around 70 yuan/ton. Regarding safety, surface
mining poses the least risk compared to open-pit deep mining and
underground mining. Due to the thin overburden of open-pit
phosphate rock, there is no need for underground mining or
open-pit bottom mining, resulting in the lowest mining risk.
Additionally, surface mining has the most negligible impact on
the surrounding geological environment compared to the other two
mining methods.

Scheme 2: Open-pit deep mining is an alternative approach to
convert open-pit mining into underground mining. Initially,

FIGURE 5
Contour map of the lower ore layer.

TABLE 3 Evaluation index values.

Technical
aspects

Economic aspects Security aspects Other
aspects

Mining
methods

Initial
investment

(10,000 yuan)

Recycling
rate

(percentage)

Phosphate
content

(percentage)

Production
scale

(10000/ton)

Infrastructure
facilities

Mining
cost

(yuan/
ton)

Transport
Safety

Mining
safety

Environmental
factor

Scheme
1

0.85 50 90 27 100 0.85 70 0.85 0.9 0.8

Scheme
2

0.3 80 85 18 40 0.5 100 0.2 0.6 0.6

Scheme
3

0.85 100 83 25 80 0.8 120 0.75 0.85 0.75
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open-pit deep mining shares many advantages with surface
mining. However, as the mining progresses more profoundly
into the underground, it leads to high and steep open pit slopes,
gradually losing various vital parameters. The open-pit deep
concave mining method still employs open-pit bench mining.
Considering the current mining situation of Kunyang Phosphate
Mine No. 2, the initial investment in certain mining areas for
open-pit deep concave mining amounts to 800,000 yuan, and the
maintenance cost in the later stages gradually increases compared
to underground mining. Nevertheless, on the whole, the initial
investment for underground mining is lower. The open-pit deep
mining of Kunyang Phosphate Mine No. 2 has formed a 300 m
high and steep open-pit slope, yet the recycling rate remains high,
reaching around 85%. However, due to the depletion of high-
content phosphorus ore beds through surface mining, the deep-
buried phosphorus ore content is only 18%. The production scale
of certain mining areas is 400,000 tons, which falls short of
meeting the demands of both the enterprise’s development
and society. Moreover, as the mining depth increases, the
mining cost gradually rises, reaching approximately 100 /ton.
Regarding safety, Regarding mining poses significant challenges
in transportation due to increased distances and narrower
working faces. This leads to extremely difficult transportation
processes, especially during the rainy season when transportation
safety accidents are more likely. Additionally, the high and steep
slopes formed in the open pit become increasingly challenging to
control (Song et al., 2010; Li B. et al., 2015; Lan, 2023), which also
affects the mining factor of safety, gradually increasing the risks
involved (Cai and Yang, 2018; Li W. Q. et al., 2023; Wang G. et al.,
2023). Furthermore, the environmental impact of open-pit deep

mining is primarily observed in aquifers and impermeable layers.
It can cause damage to the original aquifer, resulting in the
formation of a depression funnel centered around the mine pit
(Zhang et al., 2021; Li, 2022; Zou et al., 2022). This phenomenon
would accelerate the groundwater flow, deplete groundwater
reserves, and cause a subsequent decline in water levels,
ultimately resulting in nearby wells and springs drying
up. Additionally, the large areas of exposed land that form
would have significant adverse impacts on the surrounding
geological environment.

Scheme 3: Undertake underground mining, representing the
final approach for transitioning from open-pit to underground
mining. Through the optimization of mining methods, three
main types of underground mining methods have emerged:
bottomless pillar caving method (He et al., 2022; Wu et al., 2023;
Yang et al., 2023), room pillar method (Jia et al., 2021; Huang et al.,
2022; Wang et al., 2022), and pseudo inclined strip approach with
subsequent filling method (Bin, 2016; Jin et al., 2017; Zeng et al.,
2022). Following thorough feasibility research, it has been
determined that the pseudo-inclined segmented strip mining
method boasts numerous advantages and demonstrates a higher
level of mining technology maturity. This method suits ore bodies
with dip angles ranging from 2° to 31°. A comparison of the
advantages and disadvantages of these four mining methods can
be found in Table 2.

When compared to open-pit mining and open-pit deep concave
mining, underground mining presents a higher initial investment
cost. In certain mining areas, the initial investment can reach as high
as 1 million yuan. However, due to limitations imposed by
underground stops, the recycling rate is slightly lower at 83%,

TABLE 4 Evaluation index information entropy and weights.

Primary indicators Secondary indicators Information entropy value Weight First-level indicator weight

Technical aspects Mining methods 0.9211 0.2134 0.2134

Economic aspects Initial investment 0.9660 0.0920 0.3997

Recycling rate 0.9995 0.0014

Phosphate content 0.9871 0.0349

Production scale 0.9432 0.1535

Infrastructure facilities 0.9775 0.0607

Mining costs 0.9788 0.0572

Security aspects Transport Safety 0.8768 0.3331 0.3691

Mining safety 0.9867 0.0360

Other aspects Environmental factor 0.9934 0.0177 0.0177

TABLE 5 Positive and negative ideal distance and relative proximity.

Mining plan Forward ideal distance D+
i Negative ideal distance D−

i Posting progress Ci Ranking

Scheme 1 0.00 0.44 1.00 1

Scheme 2 0.43 0.04 0.09 3

Scheme 3 0.13 0.37 0.68 2
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with a dilution rate of 6%. Despite this, the phosphorus content in
the underground phosphorus ore layer is relatively high, with an
average P205 content of approximately 25% in both the upper and
lower layers. The phosphorus content contour map and thickness
contour map of the upper and lower layers can be seen in
Figures 2–5.

The production scale of undergroundmining inKunyang Phosphate
Mine No. 2 reaches 800,000 tons annually. To facilitate underground
mining operations, a comprehensive set of production, living, fire water
supply, drainage systems, and power supply infrastructure for production
and living was established during the surface mine period. These systems
effectively cover the entire mining area, ensuring efficient and reliable
support for underground mining activities.

A flotation plant with a yearly capacity of 4.5 million tons has been
constructed on the west side of the mine. This plant is approximately
3 km from the mining area and benefits from a relatively short surface
transportation distance for the ore. Based on the data obtained from
phosphorus mines, underground mining costs are estimated to be
120 yuan per ton. In terms of safety, underground mining at Kunyang
Phosphate Mine No. 2 presents several advantages. The shorter
transportation distance eliminates the requirement for long-distance
transportation, thereby enhancing safety precautions. Additionally,
adopting the cantilever-type road header excavation method in
underground mining significantly enhances the safety factor and
reduces mining risks. Furthermore, the waste rock generated during
underground mining is repurposed as solid waste-filling material,
thereby minimizing the transportation process.

In addition, underground mining imposes less damage on the
environment. Since the entire process takes place underground,
there is no need to clear large amounts of vegetation. In contrast
to open-pit mining and deep concave mining, underground
mining does not necessitate rehabilitation of damaged areas,
thus mitigating the harm inflicted upon the ecological
environment (Li et al., 2022; Zhang and Xing, 2022; Li X. S.
et al., 2023; Feng, 2023).

6 Entropy weighted TOPSIS method
evaluation

6.1 Acquisition and processing of indicators

Based on the current mining conditions of the mine, a
comprehensive evaluation is conducted, utilizing ten key
indicators derived from technical, economic, safety, and other
pertinent aspects. The specific details regarding the selected data
can be found in Table 3.

Normalize the initial indicators by assigning negative values to
the initial investment and mining cost while designating the
remaining indicators as positive. The resulting normalized matrix
is as follows:

zij �
1 1 1
0 0.4 0.29
1 0 0

1 1 1
0 0 0

0.78 0.67 0.86

1 1 1
0.4 0 0
0 0.85 0.83

1
0

0.75

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦
Using Matlab software, the information entropy Ej was

evaluated, and the weights wj were calculated. The calculation
results are presented in Table 4.

According to Table 4, it can be observed that the economic
and safety indicators carry the highest weight in deep ore body
mining. This signifies that the mining direction is primarily
determined by considerations of economic feasibility and
safety. Mining is related to the core interests of enterprise
development, and it is necessary to ensure the safety of
mining while ensuring maximum efficiency. Therefore, these
two aspects have high indicator weights.

6.2 Calculating positive and negative ideal
distances and relative distances

Construct the weighted matrix G* as follows:

G* � zij × wj

G* �
0.21 0.09 0
0 0.04 0

0.21 0 0

0.03 0.15 0.06
0 0 0

0.03 0.1 0.05

0.06 0.33 0.04
0.02 0 0
0 0.28 0.03

0.02
0

0.01

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦
Positive ideal solution vector G*+:

G*+ � 0.21 0.09 0.001 0.03 0.15 0.06 0.06 0.33 0.04 0.02[ ]
Negative ideal solution vector G*−:

G*− � 0.00 0.00 0 .00 0.00 0.00 0 .00 0.00 0 .00 0.00 0.00[ ]
Calculate the positive ideal distance D+

i , negative ideal distance
D−

i , and relative proximity Ci of the j evaluation scheme.
Table 5 displays the positive and negative ideal distances as well

as the relative proximity derived from equations (8–10).
By utilizing formulas 8, 9, and 10, the positive ideal distancesD+

i

for scheme 1, scheme 3, scheme 2 have been calculated as 0.00, 0.43,
and 0.13, respectively. Correspondingly, the negative ideal distances
D−

i are determined as 0.44, 0.04, and 0.37, and the relative proximity
values Ci are found to be 1.00, 0.09, and 0.68, respectively. The
relative closeness Ci indicates the feasibility of each scheme, with
higher values suggesting greater feasibility. In this case, the scheme
with the highest feasibility is surface mining in Scheme 1,
underground mining in Scheme 2, and open-pit deep mining in
Scheme 3. Therefore, the order of feasibility for these schemes is
scheme 1 > scheme 3 > scheme 2. Considering that the open-pit
section of Kunyang Phosphate Mine No. 2 has already been
extensively mined and is currently transitioning towards deep
mining or underground mining, Scheme 1 has been initially
dismissed. Consequently, Scheme 3, namely, underground
mining, is now regarded as the preferred choice.

7 Conclusion

This study focuses on the Kunyang PhosphateMine No. 2 operated
by Yunnan Phosphate Group Co., Ltd. It aims to ascertain the future
development direction of the mine, whether it should continue with
open-pit deep mining or transition to underground deep ore body
mining once the open-pit mining is finished. To explore the most
suitable mining method for deep ore bodies in Kunyang Phosphate
Mine, the entropy weighted TOPSIS method is employed in this article,
leading to the following conclusions.
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1) The selection of mining methods, including surface mine
mining, open-pit deep mining, and underground mining, for
extracting deep ore bodies is closely tied to the overall development
prospects of the mine and the interests of the enterprise. The study
employs the entropy weight TOPSIS method to evaluate these three
mining approaches. A comprehensive set of 10 indicators covers
technical, economic, safety, and other aspects. These indicators
include the mining method, initial investment, recycling rate,
phosphate rock content, production scale, infrastructure facilities,
mining cost, transportation safety, and environmental factors.

2) The optimal mining plan is determined by calculating the positive
and negative ideal distances D+

i , D
−
i , and relative proximity Ci for the

three schemes of open-pit mining in Scheme 1, open-pit deep concave
mining in Scheme 2, and undergroundmining in Scheme 3. According to
Matlab and numerical calculation results, Scheme 1 (Ci = 1)>Scheme 3
(Ci = 0.68)>Scheme 2 (Ci = 0.09). Because the open-pit ore body in Plan
1 has been fully mined, it has been excluded. Therefore, after optimizing
Plan 3, underground mining is the most suitable for mining Kunyang
Phosphate Mine No. 2.

Considering the above factors, it is necessary for Kunyang
Phosphate Mine No. 2 to mine deep ore bodies, which can meet
society’s current production and living needs and play an important role
in environmental protection. Adopting the entropy weight TOPSIS
entropy weight method and selecting economic parameters in actual
mining production can accurately display the production situation of
the mine, and can transform qualitative indicators in mining
production into quantitative analysis, using mathematical methods
to select the optimal mining method. The use of entropy weighted
TOPSIS can analyze various indicators in the mining industry, such as
selecting the optimal underground mining method, optimal
underground drainage scheme, optimal underground ventilation
scheme, and other most reasonable and safe schemes, with a
relatively close degree Ci can find the optimal method.
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