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Abstract To explore the optimal evaluation mechanism of open-cast mining procedure, this paper takes the actual operation status of Huolinhe

No. 1 Open-cast Mine as the research basis, and makes a deep analysis of the four representative mining procedures proposed by this mine. A

detailed and comprehensive evaluation system is constructed using rank-sum ratio (RSR) method. The system covers 17 key indicators and

aims to evaluate the advantages and disadvantages of each scheme in an all-round and multi-angle manner. Through the calculation and analysis

by RSR method, the comprehensive evaluation of the four types of mining procedure schemes is carried out, and finally the secondary river im-

provement project is determined as the optimal mining implementation scheme, and the joint mining scheme of the south and north areas is the

alternative strategy. The research results of this paper are objective, clear and definite, can not only reveal the effectiveness and feasibility of

RSR method in solving the problem of open-cast mining procedure optimization, but also provide a strong technical support and decision-making

basis for the future production development of Huolinhe No.1 Open-cast Mine. Thus, this study is expected to further promote the scientific

and refined process of mining operations.
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1 Introduction

Open-cast mining procedure is a core link to ensure the
smooth implementation of mining engineering, safety production,
environmental protection, rational utilization of resources and max-
imization of economic benefits. Proper mining procedures ensure
the orderly and efficient mining of ore resources. Through scientif-
ic and rational division and promotion of each mining step, miner-
al resources can be recovered to the maximum extent and waste of
resources can be reduced. In addition, the correct mining proce-
dure is helpful to ensure the safe production of the mine. For ex-
ample, the risk of safety accidents such as landslides and collap-
ses can be reduced by setting reasonable bench height, stabilizing
the slope, and strictly controlling the scale and frequency of col-
lapse. Open-cast mining involves a series of processes such as
drilling, blasting, shoveling, transportation, etc. Excellent mining
procedures enable these processes to be closely linked"" to avoid
interruption or waiting, thereby improving the overall production
efficiency. Standardized mining procedures consider the issues of
geological environment protection and surface restoration, control
environmental pollution in the mining process, implement recla-
mation and greening after mining, and realize land reuse, which
meets the requirements of green mining and sustainable develop-
ment' >, The selection of open-cast mining procedure directly af-
fects the mining cost and economic benefit. Through proper plan-
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ning and management, the stripping ratio can be minimized”’
the mining cost can be controlled™* | and the mineral value can be
maximized"*’.

Based on the RSR method, taking Huolinhe No. 1 Open-cast
Mine as the research basis, we carried out a deep and comprehen-
sive analysis of the mining procedures of two open-cast mines in
the north and south of Huolin River. Through exploration and
demonstration, we intend to reveal and determine the most scien-
tific and reasonable mining procedure with the best economic ben-
efits, so as to promote the overall operational efficiency and sus-
tainable development capacity of Huolinhe Open-cast Mine to a

new height.

2 Rank-sum ratio (RSR) method

Rank-sum ratio (RSR) method is a statistical analysis tech-
nique originated in China. It was innovatively put forward by Pro-
fessor Tian Fengdiao, an outstanding academic expert in China, in
1988. Its unique feature is that it combines the advantages of tra-
ditional parametric statistics and modern non-parametric statis-
tics®. RSR method has attracted much attention because of its
wide application range and high flexibility, especially for the com-
prehensive evaluation and analysis of all kinds of data.
2.1 Analysis principle The core principle of RSR method is to
sort the sample data according to the size of the observation value.
In a matrix framework, a dimensionless statistical indicator, RSR,
is obtained by rank transformation technology. Based on this core
basis, we used the deep concept and precise method of parameter
statistical analysis to explore the distribution characteristics of RSR.
Furthermore, with the aid of RSR value, we can directly sort or
classify the advantages and disadvantages of the evaluation objects,

so as to achieve a comprehensive and detailed evaluation of the eval-
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uation objects. In short, the larger the calculated RSR value, the
better the performance of the corresponding evaluation object.

RSR evaluation method is highly praised for its unique ad-
vantages, its calculation process is concise and intuitive, and its
dependence on data is relatively loose, which significantly en-
hances the universality and application potential of the method in
different industries and fields. In actual calculation, RSR cleverly
gets rid of the absolute dependence on the original value and focu-
ses on the relative ranking relationship of the data, which effec-
tively weakens the distortion effect caused by outliers, especially
for those problems caused by the zero indicator value. The dimen-
sionless nature of the RSR value itself endows the method with ex-
cellent comprehensive analysis performance, enabling it to replace
some specific comprehensive indicators, thus achieving a more ac-
curate and comprehensive evaluation system. This method not only
absorbs the essence of the rigor of parametric statistics, but also
integrates the flexibility of non-parametric statistics, and con-
structs an inclusive statistical framework. Particularly, it is worth
mentioning that the RSR evaluation method, with its unique com-
patibility, can seamlessly link up many other mathematical statisti-
cal methods, realize flexible and diverse docking, transplantation
and integration, greatly broaden the possibility boundary of statis-
tical analysis, and provide a powerful and efficient tool for com-
plex evaluation problems.

2.2 Analysis steps RSR method generally includes data sor-
ting, calculation of rank sum, calculation of rank sum ratio, judg-
ment of statistical significance and other processes, and may need
appropriate correction processing to make more accurate statistical
inference and decision analysis. With the deepening of theoretical
research and practical verification, RSR method has become a
practical and effective comprehensive analysis and evaluation tool
in the field of statistics.

2.2.1 Rank compilation. There are m evaluation objects and n
indicators, and the j" indicator value of the i" evaluation object is
b, to form an evaluation matrix B = (b,) m xn, and then the rank
of each indicator corresponding to each evaluation object in the
matrix is compiled. Among them, the benefit-type indicator ranks
from small to large, the cost-type indicator ranks from large to
small, then use the same indicator data to compile the mean rank.
The corresponding rank matrix is denoted by R = (R;),,.,. The
benefit-type indicator refers to the indicator that the higher the val-
ue, the better from the perspective of professional knowledge; the
cost-type indicator refers to the indicator that the lower the value,
the better.

2.2.2 Calculation of the RSR. We calculated the RSR of the i"
evaluation object, denoted as RSR,. When the weight of each
evaluation indicator is different, the weighted rank sum ratio
wRSR of the i" evaluation object is calculated as shown in formula

(2) and recorded as wRSRi.

W R.
RSR, = 3% (1
Anm
WRSR. =150 R, 2)
nij=1

2.2.3 Calculation of Probit. We prepared the RSR (or WRSR)

frequency distribution table, listed the frequency f; of each group,
and calculated the cumulative frequency 3.f; of each group. Then,
we determined the rank range R and mean rank R of RSR (or
WRSR) of each group. Next, we calculated the downward cumu-
lative frequency p = R/m, and converted the percentage P into the
Py
the percentage P plus 5.

P =u(p;) +5 (3)

where u is the standard normal dispersion function.

which is the standard normal deviation u corresponding to

2.2.4 Calculation of linear regression equation. Taking P,
corresponding to the cumulative frequency as the independent vari-
able, and RSR (weighted RSR) estimated value Spgp; ( Sywrsni )
calculated by the regression analysis of the ith evaluation object as
the dependent variable, we calculated the linear regression equa-
k OF Sypsps = ¢ +dP

b, ¢, and d are corresponding coefficients.

tion, namely, Opsy =a +bP where, a,

robital robit 3

3 Evaluation of optimal mining procedure for
Huolinhe No.1 Open-cast Mine

3.1 Project background Due to the special mining location of
Huolinhe No. 1 Open-cast Mine, there are two important factors
influencing the mining scope and production continuity in the min-
ing boundary. The first is the regulation of the Heremute River in
the mining boundary, which passes through the mining site from
west to east. The second is the " Jinjie Trench Ancient Great Wall
Site" in the mining boundary. Considering the production capacity
of the south and north open-cast coal mines in Huolin River, the
current situation of mining and waste disposal, the layout of semi-
continuous system, the construction of intelligent mine, and the
pressing coal of the waste dump along the Heremute River and Jin-
jie Trench, it is necessary to study and optimize the mining proce-
dure of the Huolinhe No. 1 Open-cast Mine, so as to ensure that
the open-cast mine can develop production smoothly and orderly in
future.

3.2 Study on mining scheme After fully considering the pro-
duction capacity of Huolinhe South and North Open-cast Coal
Mines, the actual situation of the current mining and dumping
site, the layout design of the semi-continuous system'’', the
promotion of the construction project of the smart mine*’ | and
the impact of the Remute River, Jinjiehao and Yanbang dump on
the coal resources and many other factors, through in-depth re-
search and analysis, four feasible mining schemes were finally
determined.

Scheme 1. independent mining scheme for the south and
north areas. Taking the location of river regulation as the bounda-
ry, the maximum mining scope and mining scheme of the south
and north areas formed by its separation are determined. On the
basis of the mining status at the end of 2022, the north area would
be pushed southward to the end of the river regulation position. In
order to avoid the secondary stripping volume caused by the inter-
nal drainage of the pressed slope, and at the same time, the west
slope working line of the south area will be extended to prepare for
the continuation of the closed pit production capacity of the north

area, the west slope and the north slope will be pushed forward in
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the early stage of the south area (Fig.1).

Fig.1 Spatial layout of mining scheme I

Scheme II; The south and north areas are connected by the
mining scheme. The maximum mining scope and mining scheme of
the south and north areas formed by the separation are determined
by taking the location of river regulation as the boundary. On the
basis of the mining status quo at the end of 2022, the north area
would be pushed southward to the end of the river regulation posi-
tion, and the south area would continue to advance northwestward
and then turned to the northeast (Fig.2).
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Fig.2 Spatial layout of mining scheme II

Scheme TIII; Coordinated mining scheme in the south and
north areas. According to the analysis of the long-term spatial lay-
out of mining and drainage in the south and north open-cast coal
mines, in the waste dump of the north open-cast mine, the perma-
nent river-changing position of the Heremute River is formed, and
the materials lacking in the final river-changing position are trans-
ported from the north side of the south area, to coordinate mining
of each mining area™ (Fig.3).

Scheme IV; mining scheme of secondary river diversion. The
location of the river channel continues to be adjusted to the south,
and the river is changed for the second time near the boundary be-
tween the south and north open-cast coal mines. With the advance
of the working slope to the south, the steps of the inner dump will
follow, and a permanent river change location is formed in a cer-

tain production period (Fig.4).

Fig.4 Spatial layout of mining scheme IV

4 Construction of comprehensive indicator system of
mining scheme

Analyzing the factors influencing the open-cast mining proce-
, we extracted a total of 17 indicators, including minable
raw coal quantity, total stripping quantity, average stripping ratio,
pit closure year, remaining river-changing times, primary river-
changing time, permanent river-changing time, river-changing
transportation stripping quantity, river-changing backfilling coal
quantity, weighted transportation distance in production period,
total transportation work in production period, stripping transpor-
tation work per ton of coal, 30 million t/yr stable-production peri-
od, 20 million t/yr stable-production period, 15 million t/yr sta-
ble-production period, mining area continuity complexity and river

[11-12]

diversion complexity , to establish a comprehensive evalua-

tion system (Table 1).

5 Comprehensive evaluation by RSR method
According to the principle of RSR method and its analysis
process,, we ranked the indicators of the four schemes. Each indi-
cator was assigned according to the same weight. After the dimen-
sionless processing of each indicator, the rank ratio matrix was

constructed, as shown in the following formula.

13143112212131123
R= 131331122242112273

212111311313 11312

32322222243422121
We further calculated the corresponding RSR values and lis-

ted the results in Table 2.
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Table 1 Evaluation indicators of open-cast mining procedure

Item Unit Scheme 1 Scheme 11 Scheme 111 Scheme IV
Minable raw coal quantity 10% ¢ 45 275 45 275 54 403 55 386
Total stripping quantity 10* m? 137 232 137 232 163 328 158 903
Average stripping ratio m?/t 3.03 3.03 3 2.87
Pit closure year yr 2039 2043 2051 2044
Remaining river-changing times Number of times 0 0 1 2
Primary river-changing time yr - - - 2027
Permanent river-changing time yr - - 2034 2033
River-changing transportation stripping quantity 10* m® - 0 11 834 0
River-changing backfilling coal quantity 10% ¢ - 0 983 0
Weighted transportation distance in production period km 3.92 3.38 3.37 3.05
Total transportation work in production period 10* m* « km 538 059 478 918 550 579 484 155
Stripping transportation work per ton of coal m® - km/t 11.89 10.58 10.12 8.74
30 million t/yr stable-production period yr 13 8 8 12
20 million t/yr stable-production period yr - - - 9

15 million t/yr stable-production period yr . 7 11 -
Mining area continuity complexity yr General General Complex General
River diversion complexity yr - - General Complex

Table 2 Calculation results of RSR

Evaluation objects X, X, X3 X, Xs X X, Xg

X9 X]O XII X]Z XI} XIA X15 Xl() X17 RSR:

Scheme [

Scheme 11
Scheme 11T
Scheme 1V

WO = =
N o= W W
WO = =
N o= W
N = W W
N = = =
W = =
N = NN

2 1 2 1 3 1 1 2 3 0.471
2 2 4 2 1 1 2 2 3 0.500
1 3 1 3 1 1 3 1 2 0.412
2 4 3 4 2 2 1 2 1 0.574

The RSR results obtained by analysis and calculation can
comprehensively evaluate the advantages of each scheme, so as to
clarify the optimal position of the fourth scheme in the subsequent
mining of the open-cast mine. If there is no mature condition for
the secondary river diversion project under the current conditions,
the decision maker of the mine can take the second scheme,
namely the joint mining of the south and north areas, as an alter-
native scheme, which also clearly demonstrates its actual feasibili-
ty and potential advantages.

However, it is worth noting that there is a significant gap be-
tween the RSR calculation results of Scheme I and Scheme III and
the optimal scheme, which means that they may not achieve the
ideal state in terms of economic benefits and implementation
effects. Therefore, from a scientific and rigorous point of view, we
do not recommend the adoption of these two schemes as the imple-
mentation scheme for the subsequent open-cast mining.

5 Conclusions

In this paper, we innovatively constructed a comprehensive
evaluation system based on RSR method for the optimal mining
procedure of open-cast mine for the evaluation of the mining pro-
gram of Huolinhe No. 1 Open-cast Mine. In view of the diversity
and complexity of the indicators involved in the open-cast mining
process, and there are significant dimensional differences among
the indicators, the RSR method can effectively deal with and solve
such problems. Through this comprehensive evaluation method,
the optimal implementation plan in the process of open-cast mining
can be accurately analyzed and scientifically evaluated, thus pro-

moting the optimization and upgrading of open-cast mining tech-
nology and decision-making.
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