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.e study on influence laws of strata behaviors is the basic guarantee of safety mining for shallow coal seam beneath gully terrain.
Taking 3302 mining face of Zhujiamao Coal Mine as the engineering background, the laws of strata behaviors for shallow coal
seam mining beneath gully terrain are studied by field detection, theoretical analysis, and numerical simulation. .e strata
pressure observation and the hydraulic support working resistance show that the dynamic strata behaviors appear violently during
mining beneath the gully bottom. .e theoretical analysis shows that the rotation and breaking of key stratum beneath gully
bottom under nonuniform load is the fundamental cause of strong dynamic strata behaviors. .e numerical simulation of
overburden movement and fissure development characteristics shows that the strata behaviors beneath the gully bottom are
stronger than the strata behaviors beneath other areas. Additionally, according to the laws of dynamic strata behaviors, the safety
measures for mining beneath gully bottom are put forward.

1. Introduction

In China, the coal in the eastern region has been nearly
mined out, and the coal mining has been transferred to the
western region, which is rich in coal reserves and has become
a new energy base [1–4]. Compared with the eastern region,
the coal seams in the western region are mostly shallow coal
seams beneath gully terrain [5, 6]. .e characteristics of
shallow coal seams beneath gully terrain are different from
those of conventional coal seams [7–14]. .erefore, it is
necessary to study the influence laws of strata behaviors for
shallow coal seam mining beneath gully terrain.

Based on the previous research results, most of the roof
overburden in shallow coal seam have only one key stratum,

and a few have two key strata [15, 16]. When key stratum is
single in the overburden, the roof breaks to form a “step
voussoir beam” and sinks in the shape of steps. .ere are
only caving zone and fissure zone in overburden, but no
bending zone [17]. When key strata are double in the
overburden, the breakage of the main key stratum and the
sub-key-stratum leads to two periodic weightings. .e roof
sinks in the shape of steps during the process of the major
periodic weighting. Concomitantly, there are complete
“three zones” in the overburden [18]. Based on the above
characteristics, it can be found that although the buried
depth is shallow, the strata behaviors do not alleviate during
mining. Contrarily, the strata behaviors become more in-
tense, which brings a series of difficulties to the mine
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production [19–21]. On the one hand, the prop of hydraulic
support shrinks sharply in a short time under the impact of
dynamic load caused by roof sliding and breaking [22]. On
the other hand, the roof sinks in the shape of steps and
causes many cracks on the surface after the coal seam is
mined out, which has a great adverse impact on the eco-
logical environment [23]. Simultaneously, the subsidence of
the roof makes the water-conducting fracture zone connect
with the aquifer as well, which is easy to cause water inrush
[24]. Additionally, the lower mining face may be affected by
the overlying goaf during the close-distance seam group
mining. If the overlying rock fissures caused bymining in the
lower face develop to the overlying goaf, it may bring many
potential safety hazards. For example, the accumulated water
in the overlying goaf and the harmful gas produced after
spontaneous combustion of residual coal may be discharged
to the lower face through the fissures [25–27]. Furthermore,
if there are residual coal pillars in the overlying goaf, the
lower face may show strong strata behaviors due to high
stress concentration during mining beneath the overlying
coal pillars [28, 29]. In order to solve the above technical
problems, for shallow coal seam, the identification method
of key strata has been modified [30], the mechanical model
of stope roof has been established [31], the concept of water
retaining mining has been put forward [32], the develop-
ment law of “three zones” has been studied [33], and the
safety mining technology of close-distance seam group has
been explored [34]. .ese research results provide a strong
guarantee for the safe and efficient mining of shallow coal
seam [35].

In addition to the above typical characteristics, the
particularity of shallow coal seam in western region is that
there are many gullies on the surface [36–38]. During
mining beneath gully terrain for shallow coal seam, the
dynamic strata behaviors appear violently [39–42]. For
example, the roof collapses in large area, the hydraulic
supports are damaged, and the overlying rock fissures extend
to the surface, which seriously restricts the safe and efficient
mining. In order to provide theoretical basis and technical
support for shallow coal seam mining beneath gully terrain,
this paper studies the mechanism and laws of strata be-
haviors on the basis of previous research achievements.

.e field engineering example applied in this paper is the
shallow coal seam beneath gully terrain in Zhujiamao Coal
Mine. Firstly, the strata pressure observation and the hy-
draulic support working resistance detection are carried out
in the field to determine the characteristics of strata be-
haviors. .en, the mechanism of strata behaviors is analyzed
theoretically. Furthermore, the numerical experiment is
applied to simulate the overburden movement and fissure
development characteristics. Additionally, the safety mea-
sures for shallow coal seammining beneath gully bottom are
put forward.

2. Study Site

As presented in Figure 1, Zhujiamao Coal Mine is located in
Yulin mining area, Shaanxi Province, China. Yulin mining
area is rich in coal resources, with shallow coal seam and

simple geological structure, which is conducive to large-scale
mining. However, the mining area is located in the tran-
sitional zone between the southern edge of Maowusu Desert
and the Loess Plateau. .e mining area is a typical gully
terrain with sparse vegetation, serious soil erosion, and
uneven surface, which increases the difficulty of mining.

Zhujiamao Coal Mine mainly mines No. 3 coal seam;
3302 mining face is the second face in No. 3 panel. 3302
mining face is a typical shallow seam face beneath gully
terrain, with buried depth of 125∼248m (the average buried
depth is 223m). .e ground surface in the mining area of
3302 face is distributed with gullies. Among them, there is a
gully with the height drop of 50m along the strike, which is
the largest gully in this area. .e dynamic strata behaviors
appear strongly during mining beneath this big gully.
.erefore, 3302 mining face is selected as the detection site
to explore the strata behaviors laws for shallow coal seam
mining beneath gully terrain, which can provide the basis for
safety mining under similar conditions.

3. Field Detection

3.1. Macroscopic Strata Behaviors. .e dynamic strata be-
haviors appear violently in 3302 mining face during mining
beneath the gully with the height drop of 50m. However, the
observation of strata pressure shows that the attitude of
terrain has obvious influence on the strata behaviors. .e
strata behaviors are slight during mining beneath the
downslope and upslope sections, while they are strong be-
neath the gully bottom. As presented in Figure 2(a), with the
face advancing along the strike direction, the surface sinks in
the shape of steps with the height drop of 1-2m during
mining beneath the gully bottom. Meanwhile, the surface
landslides and collapses on a large scale, and a large number
of mining cracks are generated, with the maximum opening
width reaching 0.8m, which affects the surface ecological
environment seriously. Similarly, as presented in
Figure 2(b), the dynamic load leads to the serious subsidence
of roof and severe spalling of rib in the rail crossheading.
Furthermore, as presented in Figure 2(c), the hydraulic
support continues to drop with the dull noise due to the
impact of dynamic load. More seriously, a number of hy-
draulic supports are damaged and can no longer provide
effective working resistance. Additionally, the roof gangue
leaks from the place ahead of the hydraulic support and
accumulates in the scraper conveyor rapidly machine
stoppage.

3.2.WorkingResistance ofHydraulic Support. Obviously, the
strata behaviors are the strongest during mining beneath the
gully bottom according to the above observation. In order to
accurately predict the laws of the strata behaviors and the
position of the pressure in the mining face, the working
resistance of the hydraulic support is detected in real time by
applying the roof online monitoring system. As presented in
Table 1 and Figure 3, 29 stations are arranged in 3302mining
face, of which 1 to 11 stations form the upper section, 12 to
21 stations form the middle section, and 22 to 29 stations

2 Shock and Vibration



form the lower section. .e upper section is arranged to
close the transporting crossheading, and the lower section is
close to the rail crossheading. .e detecting range is 60m
before and after the gully bottom; that is, the detecting starts
at 60m in front of the gully bottom and ends at 60m behind
the gully bottom.

As presented in Figure 4, the working resistance curves
of typical hydraulic supports in the upper, middle, and lower

sections are plotted, respectively. Along the inclining di-
rection, the working resistance of the hydraulic support in
the middle section is significantly greater than that in the
upper and lower sections. Obviously, there is a support
pressure arch in the inclined direction of the mining face,
and the overburden in the pressure arch collapses under the
action of its own weight, which forms the pressure on the
support. .e subsidence of the roof overburden in the
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Figure 2: Macroscopic strata behaviors. (a) Ground fissures. (b) Crossheading damage. (c) Strata behaviors in face.

Table 1: Layout of the detection station.
Station 1# 2# 3# 4# 5# 6# 7# 8# 9# 10#
Hydraulic support 0# 5# 10# 15# 20# 25# 30# 35# 40# 45#
Station 11# 12# 13# 14# 15# 16# 17# 18# 19# 20#
Hydraulic support 50# 55# 60# 65# 70# 75# 80# 85# 90# 95#
Station 21# 22# 23# 24# 25# 26# 27# 28# 29#
Hydraulic support 100# 105# 110# 115# 120# 125# 130# 135# 140#
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middle of the pressure arch is the largest, which makes the
management of the middle of the roof the most difficult, so
the working resistance of the support is the highest. Along
the advancing direction of the face, the working resistance of
the support beneath the gully bottom is the highest in all
three detecting sections. .e working resistance of the

support is low and changes smoothly during mining beneath
the downslope and upslope sections. However, the working
resistance rises sharply due to the impact of dynamic load
during mining beneath the gully bottom. .e maximum
working resistances of the upper, middle, and lower sections
all appear beneath the gully bottom; the values are 39.7MPa,
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41.5MPa, and 38.4MPa, respectively, which are increased by
44.36%, 31.75%, and 16.36% compared with the previous
peak working resistance, and the dynamic load coefficients
are 1.44, 1.51, and 1.40.

.rough the above analysis, it can be concluded that the
laws on working resistance of hydraulic support are con-
sistent with those on macroscopic strata behaviors. .e
dynamic strata behaviors are the strongest beneath the gully
bottom, which indicates that the strata behaviors are affected
by the gully terrain obviously.

4. Theoretical Analysis

.e mechanism of strong dynamic strata behaviors in the
face during mining beneath the gully terrain is studied
systematically by experts and scholars [43]. Figure 5 presents
the reasons for different strata behaviors in the face during
mining beneath different terrain attitudes vividly [43]. As
presented in Figure 5(a), during mining beneath the
downslope section, the rock beam at the end extending into
the coal wall will not be broken due to the lateral restriction
of the broken block at the back when the key stratum of the
overlying rock is rotated and sunk, so that there will be no
strong strata behaviors caused by dynamic load impact.

However, as presented in Figure 5(b), during mining
beneath the gully bottom, the thickness of overlying strata on
the face decreases gradually, which makes the load on the
key stratum of overlying strata non-uniform. With the
continuous advancing of the mining face, the hanging
distance of the roof gradually increases, and the key stratum
bends and rotates as well. When the hanging distance of the
roof reaches the limit, the key stratum also reaches the
bearing limit of the non-uniform load as well, whichmakes it
break. .e rotation of the broken block A makes block B
unable to be subjected to horizontal force and friction force,
so that block B slips and breaks, resulting in severe strata
pressure, which is the fundamental reason for the dynamic
strata behaviors during mining beneath the gully bottom.

5. Numerical Simulation

Based on the above research, in order to further explore the
influence of gully terrain on the strata behaviors laws for
shallow coal seam mining, UDEC is applied to carry out the
numerical simulation for mining beneath gully terrain.

5.1. Numerical Model. According to the geological condi-
tions of 3302 face in Zhujiamao Coal Mine, the coal seam
and overlying strata of this face are selected as the numerical
prototype. As presented in Figure 6, on the basis of the
simplified geological conditions, the two-dimensional nu-
merical model is established. Several trapezoids are estab-
lished on the surface at the top of the model to
approximately represent the gully terrain, which can more
comprehensively study the influence of strata behaviors
during mining beneath gully terrain in shallow coal seam.
.e length of the model is 320m, the highest point height of
the overlying strata is 223m, and the lowest height is 173m.
.e top of the model is set as a free boundary, and boundary

constraints are applied to both sides and bottoms of the
model. .e density of the block elements in the model is
adjusted according to the rock mechanical strength char-
acteristics and joint distribution of each stratum, which
makes it similar to the distribution characteristics of the
actual rock mass. .e mechanical parameters of strata ap-
plied in the model are presented in Table 2. In the simu-
lation, the deformed material is separated into discrete block
sets to represent the discontinuous medium. And the
Mohr–Coulomb model is used in the simulation.

5.2.Analysison theLawsofOverburdenMovementandFissure
Development. .e movement of overlying strata and the
development of fissures are affected obviously by the attitude
of terrain during mining beneath the gully terrain. .e
overlying strata movement and fracture development af-
fected by mining are varying due to the different attitudes of
terrain. Under different excavation lengths of mining face,
the simulation results of overburden movement and fracture
development are presented in Figure 7. In Figure 7, the cloud
image on the left presents the overall movement of over-
burden, and the images on the right present the development
of fissures and the local enlargement of overburden
movement beneath the corresponding terrain attitude. .e
movement breaking degree of overlying strata is mainly in
the form of fissures, which include longitudinal cutting
fissures and transverse separated fissures. According to the
simulation results, the overlying strata movement and fis-
sures development are divided into three stages:

Stage I: stage of fissures developing slowly.

When the mining face is advanced to 30m, the im-
mediate roof collapses completely, and the transverse
fissures with inconspicuous development are gener-
ated in the main roof synchronously. When the
mining face is advanced to 38m, the initial weighting
causes the breaking and collapse of main roof. Ad-
ditionally, the overburden begins to bend and sink,
and the fissures continue to develop upwards. Af-
fected by the size effect, the development of fissures is
slow and slight within the range of 38m.

Stage II: stage of fissures developing rapidly.

With the continuous mining of face, the movement
range of overburden is gradually expanded, and the
development speed and degree of fissures are im-
proved significantly as well. When the working face is
advanced to 70m, the deformation of the overlying
strata aggravates obviously with the complete
breaking and collapsing of main roof. Additionally,
the gangue collapsing in the goaf is compacted
gradually at this period. When the face is mined from
70m to 200m, the surface sinks gradually due to the
effect of the overburden movement. Furthermore, the
main roof breaks periodically with decreasing
weighting step and increasing weighting strength. At
the same time, with the continuous collapsing of the
overlying strata, the fissures generated by mining also
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continue to be compacted in the middle of the goaf,
resulting in the compaction area. With the continuous
advancement of working face, the scope of compac-
tion area is also expanding. Within the mining range

of 38m to 200m, the fissure development degree of
overlying strata increases significantly, and the fissure
development height increases rapidly as well. In this
stage, the fissures are mainly longitudinal fissures
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Figure 5: Mechanism of dynamic strata behaviors. (a) Mining beneath downslope section. (b) Mining beneath gully bottom.
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Table 2: Mechanical parameters of strata.

Rock stratum .ickness
(m)

Density
(kg·m−3)

Bulk modulus
(GPa)

Shear modulus
(GPa)

Cohesion
(MPa)

Internal friction
angle (°)

Tensile strength
(MPa)

Loose layer 60 2000
Sandy
mudstone 19 2450 2.3 2.1 1.8 32 1.3

Siltstone 27 2550 3.4 3.1 2.6 31 1.4
Feldspar
sandstone 22 2500 3.1 3.0 2.5 30 1.1

Siltstone 24 2550 3.4 3.1 2.6 31 1.4
Feldspar
sandstone 21 2500 3.1 3.0 2.5 30 1.1

Siltstone 18 2450 2.3 2.1 1.7 29 0.6
Feldspar
sandstone 3 2550 3.4 3.1 2.6 31 1.4

No. 3 coal seam 3 1333 2.5 2.3 0.4 29 0.7
Siltstone 7 2550 3.3 3.0 2.7 31 1.4
Feldspar
sandstone 19 2500 3.2 3.1 2.6 32 1.1
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beneath the gully bottom. Evidently, the development
height and speed of fissures are more obvious during
mining beneath the gully bottom than those during
other areas.

Stage III: stage of fissures developing stably.

When the working face is mined from 200m to 280m,
the overburdenmovement tends to be stable gradually

and the periodic weighting basically returns to nor-
mal. Synchronously, the fissures begin to close
gradually, and the fissures height basically does not
change after the fissure development is in a stable
state. Additionally, the collapsing gangue in the goaf is
still compacted continuously, but the compaction
degree is different due to the different compaction
time. .e fissures close to the coal wall is light, while
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the middle of the goaf has been compacted com-
pletely, which indicates that there is a “space-time
relationship” between the overlying strata fissures and
the face.

With the different advancing distance of mining face, the
movement degree of roof overburden and the development
law of fissures change as well. However, although the ad-
vancing distance is different, the fissures are dominated by
longitudinal fissures and the degree of fissures development
is obviously improved during mining beneath gully bottom,
which fully indicates that the strong dynamic strata be-
haviors are caused by the breaking of the key stratum.

5.3. Analysis on the Laws of Overburden Stress and
Displacement. .e stress and subsidence of the main roof
show different evolution laws with the different face ad-
vancing distance. Meanwhile, the stress and subsidence of
the main roof are affected by the attitudes as well during
mining beneath gully terrain. .e evolution curves of stress
and subsidence for main roof under different advancing
distances are presented in Figure 8.

.e evolution of stress is analyzed firstly. After the coal
seam is mined, the stress on the roof of the goaf is released,
resulting in the stress reduction zone in the corresponding
position of the goaf. Generally speaking, the range of stress
reduction area gradually increases with the increase of the
mining range, and gully terrain has local influence on the
stress evolution. As presented in Figure 8(a), when the
mining face is advanced to 30m, the stress in the middle of
the face is the smallest. Concurrently, the stress in front of
the face is slightly greater than that behind the face due to the
influence of advance abutment pressure. As presented in
Figure 8(b), when the face is advanced to 38m, the stress
rebounds slightly beneath the gully bottom (the range of
46∼50m along the strike in the numerical model) and then
drops rapidly after passing through this gully bottom.

As presented in Figure 8(c), when the mining face is
advanced to 70m, the stress beneath the top of the slope is
the largest, which is caused by the increase of the load on the
roof overburden due to the thick overlying topsoil. As
presented in Figure 8(d), when the mining face is advanced
to 110m, the stress rebounds beneath the both gully bottoms
(the range of 96∼100m and 121∼124m along the strike in
the numerical model). Furthermore, the stress near the coal
wall is greater than that behind the face due to the influence
of the advance abutment pressure. As presented in
Figure 8(e), when the mining face is advanced to 140m, the
stress decreases symmetrically from the open-off cut and
coal wall to the middle of the face. However, there is still
stress concentration at the gully bottom within the range of
46∼50m along the strike, which is due to the dynamic load
impact caused by the breaking of the key stratum again at
this position as the face continues to advance. As presented
in Figure 8(f ), when the working face is advanced to 170m,
the stress in themiddle of the face is the lowest, and the stress
on both sides rises symmetrically. As presented in
Figure 8(g), when the face is advanced to 200m, the stress
rebounds beneath the gully bottom (the range of 200∼202m

along the strike in the numerical model), and then the stress
decreases gradually as the face passes through the gully
bottom. As presented in Figure 8(h), when the face is ad-
vanced to 240m, the stress beneath the gully bottom (the
range of 228∼231m along the strike in the numerical model)
rises rapidly under the impact of dynamic load, resulting in
high-strength stress concentration. Since the advance of the
follow-up face no longer passes through the gully bottoms,
the advance of the follow-up face is no longer studied.

.e evolution of subsidence is analyzed as well. Col-
lectively, with the increase of mining length, the maximum
roof subsidence increases gradually. As presented in Fig-
ure 8, in the range of mining length from 30m to 240m, the
maximum roof subsidence is 0.28m, 0.58m, 1.74m, 2.52m,
2.79m, 2.82m, 2.95m, and 2.97m, respectively. It can be
found that the change rate of roof subsidence decreases
gradually and the roof subsidence tends to be stable when
the advancing length of the face is more than 140m. When
the mining length is more than 200m, a subsidence basin is
formed at the top of the model, and the maximum subsi-
dence does not increase with the increase of mining length.
Additionally, the attitude of gully terrain has an effect on the
subsidence of roof..e roof subsidence is slightly larger than
that of the adjacent position during mining beneath the gully
bottom, which indicates that the dynamic load generated at
the gully bottom promotes the roof subsidence.

Based on the above analysis, the stress and subsidence of
overlying strata are obviously affected by gully terrain. .e
dynamic load impact caused by the rotation and breaking of
the key stratum results in the increase of the roof stress and
subsidence during mining beneath the gully bottom. .e
numerical simulation results are in accordance with the field
detection and theoretical analysis results, which verify the
reliability of the results.

6. Discussion

.e above research shows that the gully terrain has a great
influence on the strata behaviors of shallow seam mining.
.e dynamic load impact is produced due to the rotation
and breaking of the key stratum during mining beneath the
gully bottom, resulting in severe strata behaviors. In order to
effectively avoid the influence of dynamic strata behaviors
during mining beneath the gully bottom, the following
prevention measures are proposed.

(1) Strengthening the monitoring and forecasting of
strata pressure.

.e working resistance of hydraulic support should
be monitored in real time to accurately predict the
strata behaviors laws of face during mining beneath
the gully bottom. More importantly, effective
preventive measures should be taken in time
according to the monitoring results.

(2) Shortening the length of mining face.

.e length of mining face is closely related to strata
behaviors. .e longer the face is, the stronger the
strata behaviors are. If the strata behaviors are
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severe during mining beneath the gully bottom, the
mining face should be shortened in time to improve
the advancing speed, which can slow down the
movement of overlying strata and make the face
pass through the area affected by dynamic load
quickly.

(3) Reducing the mining height of face.

.e greater the thickness of the coal seam mined at
one time, the greater the roof subsidence, which
leads to the greater difficulty of roof management. If
the strata behaviors are severe during mining be-
neath the gully bottom, the appropriate reduction
of the mining height of the face can reduce the
collapsing space of the overlying strata, which is
conducive to the formation of a more stable ma-
sonry beam structure on the main roof, thus re-
ducing the failure degree of the overlying strata.

(4) Selecting hydraulic supports with strong working
resistance.

After the coal seam is mined out, the static load
produced by the subsidence of roof overburden
acts on the hydraulic support. Under the long-
term action of high static load, once the hy-
draulic support is impacted by dynamic load, it
is easy to lose stability and damage. In order to
effectively resist the impact of dynamic load
caused by the breaking of key strata during
mining beneath the gully bottom, it is necessary
to select hydraulic support with strong working
resistance.

7. Conclusions

Taking 3302 mining face of Zhujiamao Coal Mine as the
engineering background, the methods of field detection,

theoretical analysis, and numerical simulation are applied to
study the laws of strata behaviors for shallow coal seam
mining beneath gully terrain. Compared with current
published works, this paper highlights three important
messages:

(1) .e strata pressure observation and the hydraulic
support working resistance detection are carried out
in the field, and it is concluded that the strata be-
haviors are the strongest during mining beneath the
gully bottom.

(2) .e mechanism of strata behaviors for shallow coal
seam mining beneath gully terrain is analyzed the-
oretically. It is considered that the rotation and
breaking of key stratum beneath gully bottom under
non-uniform load is the fundamental cause of strong
dynamic strata behaviors.

(3) Numerical experiment is applied to simulate the
overburden movement and fissure development
characteristics for shallow coal seam mining beneath
gully terrain. Furthermore, the evolution laws of roof
stress and subsidence are analyzed. .e simulation
results show that the strata behaviors beneath the
gully bottom are stronger than those beneath other
areas.

Additionally, according to the laws of dynamic strata
behaviors for shallow coal seam mining beneath gully ter-
rain, the safety measures are put forward.

.e findings of this study are beneficial for a better
understanding of strata behaviors for shallow coal seam
mining beneath gully terrain. .is strategy provides suffi-
cient details to allow its application in other coal mines.

Data Availability

.e data used to support the findings of this study are
available from the corresponding author upon request.
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