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Abstract: For the purpose to suit the bad mining technical conditions, such as deep imbed, gentle dip angle, and high initial stress in 
Dongguashan deposit, the stoping scheme was optimized. The new mining technique, with temporary curtain walls, large panels and 
stopes, was achieved as well. The deposit model, which was built through the DATAMINE, was led into FLAC3D for numerical 
simulation. Based on these, the stabilities of pillars and stopes were analyzed. On the other hand, the impact of output stability by 
new scheme was verified with the help of optimization planning theory. The results show that stopes and curtain walls are safe when 
the width of temporary curtain walls between panels are 18 m. The length and width of stope increase to 78 m (82 m) and 18 m 
respectively, and those of panel increase to 300−500 m and 100 m respectively. The commercial test indicates that the new scheme 
can attain the aims of simpler production organization, better stope ventilation and work condition, smaller quantities of development 
and cutting, and 2/3 of equipments as before with the stable output. The pillar stoping technique is credible and valuable. 
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1 Introduction 
 

The increase of mining depth is a tendency in the 
future because of the gradual decrease of shallow 
resources[1−2]. There are a series of problems, such as 
high stress, high ground temperature, ventilation and 
drainage, with the increase of mining depth. The shock 
stress and rock burst are the common problems which are 
widely concerned[3−12]. The deep metal deposits have 
been exploited latterly in China, thus only discussion of 
mining techniques have been carried out before due to 
the poor testing condition in-situ[13−20]. 

Dongguashan copper mine is one of the first mental 
deposits bedding underground more than 1 000 m. As the 
deep-seated deposit, it has high stress (the maximum 
principal stress is 38 MPa), high temperature (39.8 ℃), 
deep shaft (the main shaft is 1 125 m deep), and gentle 
dip angle. The original stope scheme has many shortages, 
such as difficult production organization, small panels 
and stopes, less efficiency of large equipments, poor 
ventilation system, fluctuation of output, large quantities 

of stope development and cutting. Thus, it is necessary to 
research and put forward a new stope scheme about it. 
The new scheme should be beneficial to controlling 
ground pressure and rock burst, be good to improve 
ventilation and work surroundings, be favorable to adapt 
trackless equipments and be easy for production 
organization. According to those mentioned above, the 
new mining technique, stage open and delayed filling 
stoping mining method with large panels and stopes in 
the deep mine, was put forward. The new scheme that 
was practiced in the Dongguashan Copper Mine has been 
proved effective. 
 
2 Mining technical condition of deposit 
 

The attitude of the main ore-body of Dongguashan 
DepositⅠ is bedded and lenticular. Its strike is NE 
35˚−40˚. With the attitude of the strata layer, its dip 
inclines towards North West or South East. The average 
grade of the copper ore is 1.02% with an average of 
17.6% sulfur. The roof of ore-body is mainly marble; and 
the bottom is mainly siltstone and quartz diorite. The 
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ore-body mainly consists of pyrrhotite, skarn, pyrite, 
serpentinite, magnetite etc., in which all of these 
components contain a little copper. The features of the 
ore-body are as follows: simple structure, a small 
quantity of joints and cracks, hard rock with good 
stability, Protodrakonov scale of hardness from 8 to 16 
(f=8−16), deep bedding mainly between 800 m to 1 200 
m underground, high rock stress with the maximum 
principal stress between 30 and 38 MPa and its direction 
roughly consistent with the strike of ore-body (namely 
NE-SW), and in-situ rock temperature as high as 
30−39.8 ℃ . The pyrrhotite, siltstone, skarn, quartz 
diorite all have the tendency to burst under the high 
stress. 

The first exploration area was selected in the 
ore-body between the exploratory line 50−58 and the 
length of strike is 400 m with the average width of 450 m. 
In average, its dip angle is 20˚ but gentler in the middle 
as 10˚. Its average thickness is 38.1 m. Generally 
speaking, the mining conditions are rather complicated. 

The ore grade is low. The designed production scale 
is 104 t/a. 

 
3 Stoping scheme 
 
3.1 Original scheme 

According to the mining technical condition of 
deposit, the preliminary design proposed the open and 
delayed filling stoping mining method, which took the 
panel as the stoping unit. The size of panel is 150 m in 
length and 100 m in width, each of which carries 20 
stopes with size of 50 m in length and 15 m in width. 
The layout of panels and stopes is continuous without 
barrier pillar. The stoping direction among panels is 
normal to the ore-body strike. The thick part of the 
ore-body should take priority of stoping. The mining 
sequence of stopes in panel is “stoping one and leaving 
three”, that is to say, Stope 1 should be mined firstly and 
then Stope 5. According to the thickness of the ore-body, 
the downward deep hole (d165 mm) or the radial 
medium-length hole (d76 mm) is chosen to burst the ore. 
The mined areas are designed to be filled with the 
cement or full tailings. The original stoping layout is 
shown in Fig.1. 

 

 
Fig.1 Mining method of preliminary scheme 
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The problems of the original scheme include: 
1) The operation efficiency of large-scale trackless 

equipment wouldn’t achieve the high level in such small 
panels and stopes. 

2) The original stoping sequence of stopes in panel, 
“stoping one and leaving three”, may not be the optimum 
sequence, because it requires the inter-processes (stope 
development, loose cutting, drilling, blasting, ore 
removal and backfilling) of the adjoining stopes either in 
adjacent panels or in the same panel closely linked. Thus, 
more stopes and equipments should be on working in 
order to achieve the required output. Furthermore, 
according to the original design, the size of each stope 
should be close. In addition, such strict stoping sequence 
requires each stope set-up strictly in accordance with the 
design size and shape to ensure the works quality. 
However, it is very difficult to do so in practice. But if 
they do not succeed, this would cause serious ore 
dilution and loss. 

3) According to the original stoping sequence, the 
thick part of the ore-body is firstly mined. This is not 
conducive to keep the output stable and make full use of 
equipments. Because when the stope drilled with deep 
hole (d165 mm) is recovered first, the drill equipments 
that are used to drill medium-length hole (d76 mm) stand 
idle and vice versa. 

4) There are too many panels and stopes working at 
the same time. Thus the ventilation for these working 
places is much more difficult. 

5) For the drilling chamber of the stope with large 
diameter hole (d165 mm) in the wall rock, too many 
holes can not be used, and then the drilling cost will be 
uneconomic. 

6) The quantities of stope development and loose 
cutting is too large, that is 84 m3/kt. 
 
3.2 Stoping scheme after optimization 

The optimization scheme is proposed on the basis of 
keeping the essence of mining method, main 
development system, output scale and the adopted 
equipment of the original design. Compared with the 
original design, the main differences between them are: 

1) Change the layout of panels to along the 
ore-body strike, and increase the parameters of panels 
with length from previous design to ore-body’s 
level-width of 100 m; 

2) Set barrier pillar between panels and use new 
stoping sequence “setting one and stoping one”, that is, 
mining Stope 1 first and then Stope 3; 

3) Replace the stoping sequence of panels to along 
with the ore-body strike; 

4) Increase the size of stope with width increased 
from 18 m to 15 m and length from 50 m to 78 m (full 
tailings backfilling) or 82 m (cement backfilling). 

5) To control ground pressure, the direction of the 
stope long axis is set to be coincident with the ore-body 
strike that is the direction of the principal stress. 

The optimization scheme can overcome the 
problems occurred in the original design effectively. The 
layout is shown in Fig.2. 
 

 

Fig.2 Layout of panels and stopes in optimization scheme 
 
3.3 Issues of optimization scheme 

As the structural parameters of stopes and panels 
are increased in the optimization scheme, the following 
issues need to be studied further. 

1) Under such high in-situ stress conditions of 
Dongguashan Copper Mine, the stability of the stopes 
roof and barrier pillars with the tendency of rock burst 
whether or not meets production safety requirements; 

2) After the change of the stoping sequence, the 
output whether or not keeps smooth and high; 

3) How to recovery the barrier pillar efficiently and 
safely. 
3.3.1 Stability of barrier pillars and stopes 

To answer the question of pillars and stopes’ 
stability, the deposit model constructed by DATAMINE 
was led into FLAC3D with the computer access 
technology and the stability of pillar and stope in various 
simulation scheme was analyzed. The deposit model is 
more identical to the facts and then the results of analysis 
would be more reliable. 

1) Condition of simulation 
To simplify the simulation process, the ore, rock 

and backfill body are all considered as homogeneous 
isotropic body. Their physical and mechanical 
parameters are obtained by the indoor rock mechanics 
test but after reduction according to the engineering 
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experience, as listed in Table 1. Mohr-Column criterion 
is used as the yield condition. 
 
Table 1 Mechanical parameters of ore body and rock mass 

Name of 
rock 

Elastic 
modulus/ 

GPa 

Poisson’s 
ratio 

Bulk 
density/ 
(g·cm−3) 

Compression 
strength/ 

MPa 

Marble 15.97 0.257 0 2.71 74.04 
Ore 36.89 0.253 2 3.97 304.0 

Silstone 28.93 0.208 7 2.71 187.17 
Backfill 

body 0.373 0.260 0 1.82 2.40 

 
The values of in-situ rock stress are the actual data 

measured by the Beijing General Research Institute of 
Mining & Metallurgy in Dongguashan Copper Mine[21], 
as listed in Table 2. 
 
Table 2 Actual in-situ rock stress values of Dongguanshan 
Copper Mine 
σ1/MPa σ2/MPa σ3/MPa β1/(˚) β2/(˚) 
34.33 16.47 13.84 248.42 152.13 
β3/(˚) α1/(˚) α2/(˚) α3/(˚) 

164.81 6.37 44.39 −44.90 
σi (i=1, 2, 3) is principal stress, taking pressure as positive; αi (i=1, 2, 3) is 
dip angle of principal stress, taking downward as positive; βi (i=1, 2, 3) is 
azimuth angle, taking clockwise as positive. 
 

2) Simulation model and scheme 
According to the optimization scheme, the options 

are shown as the following. 
Option 1: the width of stope and pillar is 18 m; the 

length of stope is 90 m; the width of partition pillar is 10 
m. 

Option 2: the width of stope and pillar is 18 m; the 
length of stope is 88 m; the width of partition pillar is 12 
m. 

Option 3: the width of stope and pillar is 18 m; the 
length of stope is 92 m; the width of partition pillar is 8 
m. 

Option 4: the width of stope and pillar is 18 m; the 
length of stope is 84 m; the width of partition pillar is 16 
m. 

For these four options, the simulation processes are 
all divided into 5 steps in order to simulate the different 
stoping states. The details about the simulation processes 
are shown as follows. 

State 1: Stoping 1, 3, 5, 7; 
State 2: Stoping 2, 4, 9, 11; backfilling 1, 3, 5, 7; 
State 3: Stoping 6, 8, 10, 13; backfilling 2, 4, 9, 11; 
State 4: Stoping 12, 15, 17, 19; backfilling 6, 8, 10, 

13; 
State 5: Stoping 14, 16, 18, 20, backfilling 12, 15, 

17, 19. 
3) Simulation results 

The results show that, with increasing the length 
and width of stope, the phenomenon of stress 
concentration becomes a little serious in the stope proof 
and pillar when using the parameters of Options 1 and 3. 
In these two options, the maximum value of principal 
stress is larger by 15%−20% than that using the original 
design parameters. While, the phenomenon of tensile 
stress occurs in middle parts of proof and pillars and the 
maximum value is 4−5 MPa. Thus, the stress state of 
using the parameters of Options 1 and 3 is a little worse 
than that of the original design parameters. But from 
whole aspect, the worse stress state only appears in the 
parts of the stope proof, so its bad impact is less to 
worsen the stability of the whole stope. The whole 
stability of barrier pillars and stopes can be guaranteed 
during the stoping process. 

With increasing the barrier pillar width, the number 
of units in tensile stress state decreases at the verge of the 
barrier pillar, and most of their tensile stress is 2−4 MPa. 
Therefore, it would help to improve the pillar’s stress 
condition while increasing the barrier pillar width 
appropriately. 

Therefore, to improve the stress condition of the 
stope and pillar further, the width of barrier pillar adopts 
18 m and the corresponding length of stope adopts 82 m 
in the optimization scheme. In addition, these 
construction parameters can also meet the safety 
requirement of exploitation deep mine. 
3.3.2 Stability of output 

The stability of output depends not only on the 
continuousness of ore removal, but also on the 
equipment, staffing related, the number of stopes and 
stoping sequence. The arrangement of stoping sequence 
is the most important step to ensure the ore output under 
the condition that the number of stopes, the number of 
equipments and workers are minimal on working at the 
same time. 

After the analysis of the mining method and the 
parameters of various stopes, and then valuating the 
operation time of various process such as developing and 
cutting, drilling, blasting, ore-removal, and backfilling, 
the authors applied the theory of optimization based on 
Genetic Algorithm, and followed “a integrated approach 
from qualitative to quantitative” to optimize the stoping 
sequence. Finally, the stope sequence in one panel was 
determined: when the same process is operated in only 
one stope, that is to say, when the sizes of stopes are 
identical, the stoping is started from the thick parts and 
towards the thin parts. For the panel stoping sequence, 
there are two panels on working at the same time, and 
the stoping track is a sloping face like triangle as whole 
along the ore-body’s strike. Consequently this 
management can make the structure of panel and output 
more stable. 
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Using the stoping process simulation system 
developed, the following schemes are simulated on the 
aspect of output stability: 

1) the same process operated in three stopes at the 
same time; 

2) the same process operated in four stopes at the 
same time; 

3) four deep or medium hole drilling equipments 
used at the same time; 

4) two deep or medium hole drilling equipments 
used at the same time. 

The simulation results show that, the production of 
104 t/d can be achieved when using the scheme that the 
same process operated in four stopes at the same time. 
For the optimization scheme, the stability of big scale 
output can be guaranteed. Because the barrier pillars 
make the production arrangement more flexible, it can 
meet the requirement of the same process operated in 
four stopes between two panels at the same time. 

The simulation system and the curve of output—
time are shown in Figs.3 and 4, respectively. 
 

 
Fig.3 Simulation system 
 

 
Fig.4 Curve of output—time in optimal scheme 
 
3.3.3 Technology of recovering partition pillar 

The partition pillar width is 18 m that is equal to the 
width of the stope. It cannot only meet the stability 
requirements of the pillars, but also make the ore pillar 

recovered safely and smoothly. 
1) Mining method 
The width of barrier pillar is 18 m and the length is 

the level width (300−500 m) of ore body. Both sides of it 
are the stopes filled with the cement or full tailings. 
Either to control ground pressure easily, or to recover ore 
safely and to meet the output requirement, the mining 
method is the same as the method of recovering the main 
stopes. 

2) Stoping sequence 
In fact, the barrier pillar is a special panel. It would 

be recovered after the stopes on both sides are 
completely mined and filled. The time to recover the first 
barrier pillar is that the first panel and the second panel 
are mined and backfilled completely, and the third panel 
begins to be stoped. The stoping sequence is from the 
thick part (eastern) to the other end of the ore-body 
(west). 

3) Layout of stope and its construction parameters 
Firstly, divide the partition pillar into blocks with 

length of 36 m and width of 18 m. Secondly, leave a thin 
ore wall, with length of 18 m and width of 4 m at the end 
of the block in order to prevent the tailings from 
interfusion and then decrease the ore dilution. This ore 
wall will take as permanent pillar, as shown in Fig.5. 

4) Stope development and loose cutting 
The main stope developments include ore removal 

tunnel, drawhole, cutting tunnel, drilling tunnel, drilling 
chamber, cutting raise, return airway, etc. The tunnels 
existing in the pillar, such as the passages to drilling 
chamber, the drifts to ore removal in the stopes, can be 
fully used. 

5) Stoping 
① Drilling and blasting 
The equipment for drilling deep hole is T-150 

in-the-hole drill. Drill downward vertical or little oblique 
holes with the diameter of 165 mm in the drill chambers. 
The hole distribution has arrange space of 3.0 m×3.0 m. 
The ore blasting form is of terrace-type with height of 
8−10 m. Take the cutting chamber as the center and blast 
the ore with the whole stope wide. The stope roof near 
the top wall of about 8 m is broken by a one-time 
blasting. 

② Ore removal 
The form of ore gathering tunnel adopts the trench 

like “V”. The transportation system consists of vibrating 
feeder and vibrating continuous conveyer. The broken 
ore falls into the trench firstly, and then passes through 
the vibrating feeder to the vibrating conveyer, finally 
falls into the ore-pass. 

③ Ventilation 
Firstly, fresh air flows from the air intakes of 

production levels and ramp loads into the ore removal 
tunnel, and then carries out the polluted air in the stope 
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Fig.5 Scheme of pillar recovery 
 
through the return airway and discharges to the 
atmosphere. The ventilation for deep-hole drilling is 
achieved by the upper level air intakes and return ways. 
The ventilation for medium hole drilling is a little 
complex. The fresh air flows from the air intakes of 
production level and through the cutting raise or filling 
holes and then carries out the polluted air into the return 
airways of upper level. 

④ Backfilling 
After the ore removal is completed, the full tailings 

filling can be started in mined-area with blocking the 
reserved ore wall. 

When recovering the barrier pillar, the existing 
stope development tunnels can be fully utilized, so the 
development and cutting quantities are small. In addition, 
the mining method to recovery the pillar is experienced 
and reliable. Thus, the barrier pillars can be recovered 
safely and efficiently. 
 
4 Conclusions and effect of application 
 

1) In the new scheme, the width of temporary 
curtain wall is 18 m with length and width of panel 
increased from 100 m and 150 m to 300−500 m and 100 
m, respectively. Those of stope have an increase from 50 
m and 15 m to 78 m (tail filling) or 82 m (cement filling) 
and 18 m. All of them can meet the requirement of high 

stress deposit in Dongguashan Copper Mine. 
2) Temporary curtain walls would make production 

organization flexible, and the number of drilling and ore 
drawing equipments are decreased from 6 to 4. 

3) The sequence of stoping in panels and stope is 
adjusted. Only 2 panels and 4 stopes, which are worked 
at the same time, would be enough to meet the 
production requirement of 104 t/d. 

4) It is established that the test stopes just are 
production stopes. Thus, the new technique is practiced 
in the 4 panels of the prior mining area. The stope 
development and cutting are simplified, and the 
quantities of them are decreased to 61 m3/kt in practice, 
far less than that of original design, 84 m3/kt. Now, the 
output scale reaches 6 000 t/d, and temporary curtain 
walls and stope roofs are stable, and ventilation and work 
surroundings are better. The purposes of optimization 
come true. 

5) No-pillar continuous mining method is a 
tendency of mining underground metal deposits in the 
future. However, it has a strict requirement of production 
procedure and stoping sequence, and it is difficult to 
achieve the large smooth production under the control of 
the poor equipment and management in China. The 
mining method and scheme are optimized with 
optimization theory and numerical simulation technology. 
It is an innovation to use temporary curtain walls in the 
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large panels and stopes in deep mine. The new scheme is 
beneficial to controlling ground pressure and rock burst, 
and making the production and management. This 
provides a new technique to mine deep deposits in a big 
scale such as Dongguashan. 
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