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Abstract: The underground coal mining industry, particularly in the Quang Ninh region, holds
a strategic role in national energy security. Protective coal pillar recovery is essential to maxi-
mize this resource, but this work takes place in the environment of an abandoned underground
mine, facing substantial risks and challenges. The main purpose of this study is to systemati-
cally review, analyze, and conduct a qualitative and quantitative assessment of the natural and
technical factors (such as geology, ventilation, and safety) that directly influence the protective
coal pillar recovery process. The research is implemented through Literature and Theoretical
Review to establish a theoretical foundation and classify the influencing factors, Analysis of
Current Situation and Actual Conditions by collecting detailed primary data, Analysis and As-
sessment to quantify risks, group factors into Natural and Technical categories, and Verification
and Adjustment of technical parameters through actual field testing. The assessment clarifies
the specific influence of various factors, including the relationship between seam dip angle and
the technological scheme, the increased risk of rock bursts in thick seams or with hard roof
strata, and the significant safety threat posed by gas accumulation and the spontaneous com-
bustion tendency of the coal. It has been confirmed that the workings are in a practically non-
operational technical condition in high-pressure zones. Restoring a damaged working network
is a serious challenge, increasing costs and risks. The study's findings allowed us to propose
optimal technical measures to improve safety and enhance the economic efficiency of coal
seam mining.

Key words: Quang Ninh, coal mine, mining and geological conditions, ventilation, safety, risk,
rock burst, gas explosion, spontaneous combustion.

For citation: Hoang Hung Thang, Golik V. I. Analysis of key factors affecting safety in coal
seam mining in Quang Ninh region, Vietnam. MIAB. Mining Inf. Anal. Bull. 2026;(3):152-169.
DOI: 10.25018/0236_1493 2026 _3 0 152.

Introduction

The underground coal mining indust-
ry, particularly in the Quang Ninh region,
holds a strategic role in national energy
security. During the exploitation process,
according to mine safety regulations and
construction protection requirements,
a significant amount of coal reserves must
be left behind as Protective Coal Pillars to
maintain stability for the gate roads (road-
ways for opening seams), development
headings, or industrial and civil structures
on the surface [1]. The coal volume left
behind constitutes a considerable resource
loss, necessitating a technical solution to
maximize the extraction of this valuable
resource. protective pillar recovery is the
process of implementing technological
measures to extract the remaining coal in

these pillars after the main mining field
has ceased production [2]. This recovery
work takes place in the environment of an
abandoned underground mine, a zone that
has often been affected by previous strata
pressure control [3]. Consequently, the
challenges and risks encountered are sub-
stantial [4], including: (1) Poor technical
condition: The old roadways (strike roads)
are narrowed, and the support structures
are severely damaged and deformed due
to prolonged strata pressure acting on the
coal pillar [5]; (2) Complex strata pres-
sure: The roof and floor strata have under-
gone mechanical damage, posing a latent
risk of instantaneous collapse or a "rock
burst” when commencing pillar extraction
[6]; (3) High safety risks: Mine water can
accumulate in the previously mined-out
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areas, posing a latent risk of a water in-
rush [7]. Methane (CH,) and other toxic
gases accumulate in the fractures and coal
pillars, creating difficulties for ventila-
tion and a latent risk of fire or explosion
[8—10]. Precisely because of these chal-
lenges, the study and assessment of the
influencing factors become paramount.
This forms the initial scientific basis for
identifying and controlling risks, thereby
selecting and proposing the most suitable
safety technical solutions and technologi-
cal procedures [11].

Studies indicate that numerous factors
influence the protective coal pillar reco-
very process, such as geology, hydrology,
mine gas, the self-ignition tendency of
coal, the current condition of the roadway
network, the ventilation system, transpor-
tation operations, and more [12—14]. The
degree of their influence may vary de-
pending on the specific conditions of each
area. Globally, this issue has also been ad-
dressed in a number of studies. [12] de-
termined factors and problems affecting
coal recovery from opencast pillar mining
in the Witbank coalfield. Besides, an ex-
amination into the factors and challenges
that influence the coal recovery process
in opencast pillar mining activities of the
Witbank coalfield was conducted in the
study [15]. In the other study, [16] provid-
ed stability factors and control methods
for residual coal pillars with solid waste
material backfilling. Coal gas emissions
are assessed as a factor influencing the
stability of the coal pillars [17]. Therefore,
this factor will also impact the coal recov-
ery process [18]. In Vietnam, based on the
synthesis of coal mining experiences of
countries around the world and the reality
in our country, [19] analyzed the influenc-
ing factors and built a classification table
of appropriate application conditions for
different types of thick, steep coal seam
mining systems. Furthermore, several
studies have addressed the coal recovery
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work in abandoned underground mines.
However, these studies mainly focus on
proposing solutions or protecting exist-
ing structures, and lack a comprehensive,
systematic study that thoroughly evalu-
ates the detailed extent of influence of all
natural and technical factors on the fea-
sibility and safety of the protective coal
pillar recovery process in mechanically
damaged areas. Therefore, there remains a
gap in research regarding a systematic, in-
depth study on the interaction and specific
degree of influence of mine geology and
technical factors on the safety risks dur-
ing the recovery process. Thus, the main
purpose of this study is to systematically
review, analyze, and conduct a qualitative
and quantitative assessment of the natural
and technical factors (such as ventilation,
safety, geology, etc.) that directly influ-
ence the protective coal pillar recovery
process. The results of this study will pro-
vide a solid scientific basis for accurately
identifying latent risks (gas, water, col-
lapse) in the recovery area, while simul-
taneously proposing optimal safety tech-
nical measures and technological proce-
dures, ensuring both economic efficiency
and absolute occupational safety.

Methodology

The study and assessment of the factors
influencing the protective coal pillar reco-
very process in underground mines can be
conducted based on the analysis and evalu-
ation of the collected data. The research is
implemented through the following steps:

Literature and Theoretical Review

The first step is to synthesize and sys-
tematize the relevant documents, includ-
ing safety standards and regulations for
underground coal mining, and research
works concerning strata pressure and roof
control under difficult conditions. The ob-
jective is to establish a solid theoretical
foundation to classify the influencing fac-



tors (such as seam thickness, dip angle,
and roof strata properties) and quantify
the risks related to mine gas and mine water.

Analysis of current situation

and actual conditions

This method focuses on collecting and
analyzing the actual technical data of the
recovery area:

e Mine Geology Analysis: Collecting
and evaluating in detail the physical-me-
chanical properties of the coal and rock
mass within the protective pillar, espe-
cially the extent of deformation and me-
chanical damage to the roof strata caused
by prolonged strata pressure.

 Technical Assessment: Analyzing the
current state of the old strike roadway net-
work (Level +200), including the degree
of damage to the supports and the narrow-
ing of the cross-section.

Analysis and Assessment

This step utilizes the data from the two
preceding steps to quantify the risks:

e Factor Grouping: The influencing fac-
tors are categorized into Natural groups (Gas,
Water, Strata Pressure) and Technical groups
(Roadway Condition, Ventilation, Safety).

e Qualitative Risk Assessment: Based
on technical criteria and experience, a qua-
litative assessment of the risk level for each
factor is performed (e.g., assessing the risk
of collapse due to a large break step when
encountering hard roof strata) and the in-
teraction between them.

e Proposal of Control Measures: The
assessment results directly form the basis
for proposing corresponding safety and
technical solutions, such as reinforced sup-
port solutions to address the phenomenon
of tilting supports.

Verification and Adjustment

The technical parameters (Blasting
Plan/Passport, Support Passport) developed
based on the assessment results will sub-

sequently be put into actual field testing.
This testing process serves to verify and
adjust the initial assessed parameters and
risk levels, thereby ensuring the accuracy
and safety of the technological procedure.

Data used

The data section serving the research
and assessment of factors influencing the
protective coal pillar recovery process is
collected from two main sources: Primary
Data (actual documentation from the stu-
dy area) and Secondary Data (theoretical
basis and legal regulations).

Primary Data (Field Documentation)

This data represents detailed informa-
tion about the current state of the recovery
area, used directly for analyzing and as-
sessing the influencing factors:

e Mine Geology Data:

- Detailed geological documentation
from several coal mines in the Quang Ninh
region, including information on seam
thickness, dip angle, and the physical-me-
chanical properties of the coal, roof strata,
and floor strata. This data serves as the ba-
sis for evaluating rock mass stability and
the risk of geological incidents.

- Data on the distribution and intensity
of faulting and fracturing within the pro-
tective coal pillar area, used to assess the
degree of fissuring and mechanical dam-
age to the surrounding coal and rock mass.

e Technical Current State Data:

- Plan view, longitudinal section, and
cross-section drawings of the strike road-
way at Level +200, Seam 6, before slash-
ing and restoration. This data reflects the
degree of deformation, damage to the sup-
ports, and the narrowing of the roadway cross-
section due to prolonged strata pressure.

- Roadway network schematic for the
protective coal pillar recovery area at the
strike roadway, Level +200/+215, Seam 6,
used to analyze the current ventilation and
transportation schemes.
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e Mine Safety Data:

- Statistical reports on the level of
accumulation and flow rate of Methane
(CH,) gas in the old mining area.

- Data on mine hydrology and areas
with a high risk of water inrush in pre-
viously exploited longwall faces or water-
holding depressions on the surface.

Secondary Data

(Theoretical Basis and Regulations)

This data forms the theoretical and le-
gal basis for comparison, cross-referenc-
ing, and establishing safety assessment
criteria:

e Mine Safety Regulations: National
Technical Regulation on Safety in Under-
ground Coal Mining — QCVN 01:2011/
BCT issued by the Ministry of Industry
and Trade. This is the legal foundation for
setting mandatory safety thresholds re-
garding ventilation, support, and gas/water
management.

 Scientific Research Documentation:

- Summary reports of research pro-
jects on stowage mining technology used
for roof control.

- Summary reports of research pro-
jects on rational technical solutions and
technology for coal exploitation in pro-
tected areas.

e Mine Theoretical Basis: Calculation
models for strata pressure and coal pillar
resistance to assess the stability of the pil-
lar when its size is reduced during the re-
covery process.

Assessment of Factors Influencing

the Protective Coal Pillar Recovery

Process in Underground Mines

Mine Geological Condition Factors

Influence of seam thickness and

dip angle on the protective coal pillar

recovery work

Seam thickness and dip angle are criti-
cal factors that influence the selection of
a solution for protective pillar recovery.
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According to domestic and international
experience, recovery solutions are primar-
ily implemented in areas utilizing long-
wall mining systems and leaving prepara-
tory roadway protection pillars. The pillar
recovery solution can be carried out under
any seam thickness condition. However,
based on the seam dip angle condition,
this solution is mainly applied within the
range of flat to inclined seams.

e Regarding the dip angle: This con-
dition significantly impacts coal seam
exploitation in general and the recovery
of protective coal pillars in particular. To
some extent, the seam'’s dip angle facili-
tates operations such as roadway excava-
tion, transportation, support work, and
pillar recovery. However, the seam's dip
angle sometimes restricts the application
of certain mining and support technolo-
gies during the implementation of proce-
dures suitable for the human resources and
equipment conditions in Vietnam. Specifi-
cally, the risk of support slippage and the
roof strata collapse during coal recovery
is minimized, resulting in fewer incidents
(rock bursts, roadway collapses, etc.). Fur-
thermore, with these specific dip angle
conditions, there are multiple options for
selecting the technological scheme for
protective coal pillar recovery (using a
drilling and blasting technological scheme
combined with single or combined sup-
ports), which is currently widely applied
in underground coal mines in the Quang
Ninh region. For seams with flat to in-
clined dip angles, the execution of certain
technological stages in the mining cycle is
favorable, but it also affects the placement
of equipment in the area. Conversely, for
seams with steep inclinations or steeper,
it impacts roadway construction, support
work, and strata pressure control. Addi-
tionally, this group of seams poses latent
risks of mine incidents (such as "rock
bursts” or roadway collapses). Neverthe-
less, this type of seam is advantageous for



transportation operations within the long-
wall face or the recovery area.

» Regarding Seam Thickness: The
seam thickness has a limited influence on
general seam exploitation and specifical-
ly on the recovery of protective coal pil-
lars. Seam thickness affects the selection
of the mining system, the roof control
method, the layout of roadways, and the
parameters of the mining system (longwall
face length, cutting height, recovered coal
thickness, mining advance rate, etc.). For
thick seams, the recovery work is advanta-
geous, as the economic and technical indi-
cators per 1,000 tons of coal (cost per me-
ter of roadway, cost of explosives, cost of
support materials, and other costs) will be
lower compared to thin or medium-thick
seams. Furthermore, higher productivity
and output indices bring economic bene-
fits when implemented. However, a large
seam thickness complicates the coal reco-
very factor, makes roof strata control diffi-
cult, and poses a latent risk of "rock burst"
incidents, thereby directly affecting safety
and economic efficiency. Conversely, for
seams with medium thickness or thinner,
the coal recovery factor is higher, and roof
strata control is more favorable; however,
it increases the number of roadway meters
and other costs calculated per 1,000 tons
of coal.

Therefore, based on the specific techni-
cal conditions of the seam, it is necessary
to determine the parameters of the min-
ing system rationally to ensure safety and

Table 1

achieve the highest economic efficiency
during the protective coal pillar recovery
process.

Influence of roof and floor strata (I).

Structure and Classification

of Mine Rock Mass

The strength and elastic properties of
the strata (mine rock mass) differ signifi-
cantly compared to small rock samples.
This difference is due to the structure and
fracturing degree of the strata, which di-
vide the strata into large structural blocks.
Therefore, to accurately assess its proper-
ties, information from a sufficiently large
geological mass is required, not just from
individual samples [20]. Mine rock mass
is classified according to four main crite-
ria to evaluate its stability and collapse
potential:

a. Classification by Collapse Potential
(Stratification Property): The collapse po-
tential depends on the thickness and the
bond strength between rock layers. The
thinner the layers and the weaker the bond,
the more easily they tend to collapse into
small blocks. The classification table divi-
des the rock based on layer thickness, rang-
ing from very Thin Stratification (< 0.2 m)
to very Thick Stratification (> 10 m)
(Table 1).

b. Classification by Fracturing Degree
(Degree of Fissuring): The degree of frac-
turing significantly affects stability. Rock
is differentiated based on the density and
system of fractures (number of fractures

Classification of Mine Rock Mass by Stratification Property

Knaccnpmkauma nnactos no MoLHOCTH

No. Rock Mass Type Layer Thickness Value (m)
1 Very Thin Stratification <0.2
2 Thin Stratification 02+1
3 Medium Stratification 1+3
4 Thick Stratification 3+10
5 Very Thick Stratification >10
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per 1 m?): Ranging from unfractured (or
slightly fractured if fracture spacing > 1 m)
to very strongly fractured (multiple frac-
ture systems, spacing distribution < 0.2 m).

c. Classification by Stability when Ex-
posed:

This reflects the rock's ability not to
be destroyed under the action of its self-
weight and internal stress when exposed:

Unstable: Collapses immediately after
the face advances.

Medium Stable: Remains stable up to
1 day when the exposed strip at the face is
up to 2 m wide.

Very Stable: Remains stable for a long
duration when the exposed strip is 56 m
wide.

d. Classification by Roof Strata Col-
lapse Potential (Break Step)

The collapse potential is related to the
break step (lph) — the distance the work-
ing face advances until the roof strata col-
lapse.

Initial Break: Occurs at a step of 8+
+12 m (can reach 50+60m for strong/sta-
ble roof strata).

First Break: The periodic collapse of
the immediate roof, immediately follow-
ing the advance of the working face.

Second Break: The collapse of the
main roof when the suspended cantilever
slab grows large.

(). Influence of Roof and Floor Strata
on the Protective Coal Pillar Recovery
Work

Based on the aforementioned roof rock
mass classifications, during the initial
mining process, the roof and floor strata
directly influence the support work and
strata pressure control. The specific type
of rock mass in the strata determines the
choice of support type, support density,
support technological procedure, and the
method of roof and floor strata control.
Furthermore, rock masses belonging to the
hard and difficult-to-break group also po-
se a latent risk of "rock burst” incidents.
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However, the exploitation of longwall
faces above and below the coal pillars sig-
nificantly impacts the technical properties
of the roof and floor rock mass. This rock
mass section is affected by the pressure
from the upper and lower strata, complete-
ly altering its physical-mechanical proper-
ties. Consequently, when proceeding with
the exploitation of protective coal pillars,
the roof strata here are generally in an eas-
ily collapsible state, which influences the
work.

Additionally, the stability level of the
floor strata affects the selection of support
materials for the working face. Mining ex-
perience over the years at longwall faces
in underground coal mines in the Quang
Ninh region shows that longwall face
support and roof control using the caving
method are generally favorable, with few
roof-related incidents. Thus, this provides
a relatively good foundation for selecting
the support and roof control method when
recovering the protective pillars.

Mine gas conditions

During the coal formation process (coa-
lification), various gases simultaneously
appear in the coal and rock mass, such as
Nitrogen Gas (N,); Carbon Dioxide (CO,);
Hydrogen (H,); and Methane (CH,) [21].

During the exploitation of the seam at
the upper and lower levels of the protec-
tive pillar, a certain amount of gas is emit-
ted (depending on the seam’s gas content).
A portion of this gas is expelled during the
initial seam ventilation. However, a signif-
icant portion remains in the voids within
the earth. The gas accumulated in this area
mainly consists of (CH,, CO,, CO, etc.).
When proceeding with the recovery of
protective coal pillars, this accumulated
gas volume is released during the mining
process, creating difficulties for ventila-
tion and posing latent risks of incidents.
Furthermore, in some areas with large gas
volumes under the pressure of the rock



mass, these areas form gas pockets that
pose a latent risk of coal and gas outbursts
when the protective coal pillars are reco-
vered.

When proceeded with the extraction of
protective coal pillars, in addition to the
gas emitted from the unreleased protec-
tive coal pillars, a significant amount of
gas remains in the fractures created during
the exploitation of the coal section above
and below the protective pillar. Mining in
an area with a high content of toxic and
harmful gases greatly impacts the ventila-
tion system (the required air volume for
the area increases, and the operating mode
of the fan changes, etc.). Besides affecting
ventilation, it also impacts safety during
the mining process, posing a latent risk of
coal and gas outbursts as well as fire and
explosion incidents.

Therefore, during the recovery of these
protective pillars, specific solutions are re-
quired to minimize the influence of mine
gas, ensuring that the concentration of
toxic and harmful gases remains within
the allowable limits according to current
regulations, and enhancing the ventilation
system to guarantee safety throughout the
mining process.

Influence of coal spontaneous

combustion tendency

The basic technical characteristics of
coal include: Analytical Moisture (WPT),
Volatile Matter Content (Vch), Calorific
Value (Qch), Dry Calorific Value (Q,), Sul-
fur Content in coal (S), Phosphorus con-
tent, and Average Ash content (A)) [22].
Among these, the components WPT, Vch,
S and Phosphorus determine the coal's po-
tential for spontaneous combustion [23].
When coal has a spontaneous combustion
tendency, it affects the roadway network
layout scheme, support materials, the min-
ing system applied to the area, the venti-
lation system, the strata pressure control
method, etc. Particularly when mining the

surrounding coal sections, the recovery
of coal in the protective pillars of these
seams becomes even more challenging.
This is because the process of mining the
surrounding coal sections has allowed air
to contact the coal remaining in the pro-
tective pillar, leading to a certain degree
of coal oxidation. This oxidation process
significantly reduces coal quality (calorific
value decreases, ash content increases),
and simultaneously, this oxidation process
typically releases heat, causing the tem-
perature in the area to rise. Furthermore,
the composition and concentration of toxic
and harmful gases increase (CO,, SO,, N,
Oy), posing latent risks of gas poisoning
for workers and the risk of fire and explo-
sion incidents.

Furthermore, for coal with a high vola-
tile matter content, recovering these protec-
tive coal pillars in dry conditions also pos-
es a latent risk of dust explosion during the
mining process (due to the high concentra-
tion of dust in the roadway air). However,
for coal seams with the aforementioned
spontaneous combustion tendency, during
the initial exploitation, technical solutions
were already implemented to maximize
recovery or to layout roadways in the rock
mass, or to use mining systems that do not
leave protective pillars. If protective pil-
lars are used, the recovery of these pillars
requires a meticulous assessment of the
safety level and economic efficiency that
the recovery operation brings. In many
cases, at some underground coal mines in
the Quang Ninh region, the mines choose
not to recover the protective coal pillars
when the seam has the technical character-
istics mentioned above.

Influence of water factor

For coal sections located near the ground
surface, during the initial mining, they are
directly affected by surface water, while
the underlying coal sections are less af-
fected, though they still pose latent safety
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risks [24]. The influence of surface water
can be mitigated by using the caving meth-
od for roof strata control, as well as meas-
ures aimed at reinforcing the ground sur-
face. However, with the current roof strata
control method used by underground coal
mines, which is the total caving method,
surface water can directly affect the coal
cutting process.

In addition to surface water, groundwa-
ter also significantly affects mining opera-
tions. Its impact is not much different from
surface water if they share the same inten-
sity and flow rate. However, groundwater
is also influenced by its properties (water
mineralization degree). If the water miner-
alization degree is low, it can corrode sup-
port materials and machinery/equipment.
During the exploitation of longwall faces
at the lower levels, the mine workings are
almost completely dewatered. Therefore,
when proceeding with the recovery of coal
in the protective pillars in these areas, the
influence of underground water horizons is
not substantial.

When proceeding with the exploita-
tion of coal remaining in the protective
pillars within the previously mined-out
underground area, water significantly af-
fects the mining process [25]. The prior
exploitation of coal sections above and be-
low the protective coal pillar has created
fractures in the rock mass, which are ideal
places for surface water and groundwater
to concentrate and accumulate. When the
recovery of these aforementioned pillars
is carried out, the water contained within
the voids of the collapsed roof strata in
adjacent areas will directly impact the
mining work. This affects the excavation
of development headings, the mining ope-
ration itself, transportation, dewatering
work, and the stability of structures in the
area. Furthermore, a large volume of water
concentrated in the voids of the collapsed
roof rock mass poses a latent risk of a wa-
ter inrush (or outburst). This phenomenon
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and incident have occurred in several un-
derground coal mines in the Quang Ninh
region when mining near areas (where
the French colonialists previously mined,
areas where shallow coal was previously
mined, or near faults and fractures), such
as Mao Khe Coal Mine, Mong Duong
Coal Mine, Thanh Cong Coal Mine,
Thong Nhat Coal Mine, and Khe Tam
Coal Mine, among others.

Technological Factors

Current roadway network schematic

of the area

During the initial longwall exploitation,
the roadways were excavated and sup-
ported according to the designed schemes
regarding (shape, size, cross-sectional area
of the roadway, support type, specifica-
tion, and support structure).

Fig. 1 is the schematic diagram of the
roadway network for protective coal pil-
lar recovery when restoring both the foot-
end roadway (low-side entry/level) and
the head-end roadway (high-side entry/
level). For development headings that are
inclined roadways (inclines/declines), the
roadway cross-sectional area is typically
trapezoidal, ranging from 4,0+6,0 m% For
development headings that are horizontal
roadways (levels), the roadway cross-sec-
tional area is typically an arch shape with
one center or three centers, and the cross-
sectional area of this group of roadways
ranges from 5,0+10 m?,

After the exploitation of coal in the
longwall faces above or below, these road-
ways are affected by the mining process,
resulting in pressure acting on the protec-
tive coal pillar and the supports in the road-
ways. Consequently, the roadway cross-
sectional area is often narrowed, and the
support structure is damaged (the support
legs and crossbeams may be compressed
and twisted, the bracing structure may be
damaged, and the lagging and blocking
may be fractured).
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Fig. 1. Schematic Diagram of the Roadway Network for Protective Coal Pillar Recovery when
the Foot-end Roadway and the Head-end Roadway
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The technical condition of the roadway
depends on various factors such as the
roadway's location, the support capacity
per meter of support in the roadway. Fur-
thermore, it depends on the roof strata con-
trol method, the size of the protective pil-
lar, etc. The vast majority of development
headings are often heavily affected by the
coal exploitation process in the upper and
lower levels [26]. For roadways situated in
high-pressure areas, the remaining techni-
cal condition of the roadway after exploi-
tation is almost non-existent. Fig. 2 is the
technical drawing (plan view) of the ex-
isting old roadway (Level +200, Seam 6),
illustrating the support deformation (com-
pression and twisting of supports), frac-
tures, and the corresponding narrowing of
the roadway's cross-sectional area.

To proceed with the coal recovery in
the protective pillars, it is first necessary
to restore the roadway network system of
the area leading to the recovery location.
Therefore, the current schematic of the
roadway network significantly affects the
protective coal pillar recovery process in
terms of:

Safety: Posing many latent risks of
safety incidents during the restoration of
old roadways and the construction of new
roadways.

Time: Prolonged restoration time.

Complexity: Complicated execution of
roadway restoration work.

Cost: Increasing the cost of recovering
1 ton of coal.

In addition to the main roadway net-
work schematic, there are mining road-
ways. These roadways can either utilize
the existing development headings direct-
ly when recovering protective pillars for
inclined roadways, or require new excava-
tion when recovering protective pillars for
horizontal roadways (e.g., Haulage Road,
Ventilation Road, etc.). The construction
work for excavating these new roadways
also faces numerous difficulties. This is
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because these roadways are excavated in
an area where the coal and rock mass are
no longer monolithic and are heavily af-
fected by the previous mining processes.

Current ventilation system schematic

of the area

Ventilation work plays a crucial role in
ensuring safety during underground coal
mining. In addition to ensuring normal
working conditions for workers and ma-
chinery/equipment, ventilation is also re-
sponsible for diluting the concentration of
toxic and harmful gases below the permis-
sible safety limit, thereby mitigating and
eliminating fire [27] and explosion inci-
dents involving mine gas and dust [28, 29].
The ventilation system when proceeding
with the recovery of protective coal pil-
lars heavily depends on the current mine
ventilation scheme, which, in turn, is de-
pendent on the current roadway network
schematic of the area (cross-sectional area
of the roadways, length of the roadways,
location of the recovery area, and the re-
covery area's roadway network schematic
(whether it is independent or connected to
the general roadway network). The road-
way network system in this area is either
ventilated by the mine's overall system or
does not participate in the mine's general
ventilation work.

If the roadway network schematic does
not participate in the mine's general venti-
lation work, a new ventilation system must
be established for the roadway area during
the pillar recovery process. Conversely,
if the roadway network schematic in the
area is already part of the mine's general
ventilation work, that ventilation system
is maintained and used for the protective
coal pillar recovery work. The necessity of
establishing a new ventilation system for
the area significantly impacts the recovery
process (affecting safety work, construc-
tion work, and increasing the cost of re-
covering coal).



Protective pillar dimensions

The dimensions of the protective coal
pillars are calculated and determined dur-
ing the development work for exploitation
in the longwall faces above and below.
The dimensions of the protective pillar
(length and width) depend on the roadway
network layout schematic, the mining sys-
tem (MS) applied at the levels (e.g., ad-
vancing face MS, retreating longwall MS),
the physical-mechanical properties of the
roof and floor strata, the coal strength, the
mining depth, etc. Currently, the width of
these protective coal pillars ranges from
10—20 m, while the length along the
strike direction depends on the length of
each specific area during the initial exploi-
tation (from a few tens of meters up to sev-
eral hundred meters).

The dimensions of the protective pillar
significantly influence the protective coal
pillar recovery process. They directly af-
fect the selection of the mining system for
the area to be recovered, the mining meth-
od, ventilation work, transportation work,
and the efficiency of utilizing the recovery
infrastructure (strike roadways, recovery
inclines/raises, etc.) [30]. Consequently,
this directly impacts the economic effi-
ciency of recovering the protective coal
pillars.

Forms of water and gas accumulation

During the mining process, the col-
lapse and filling of rock strata occur. This
collapse relatively seals the mined-out
space; however, it still creates a certain
degree of porosity (void space). This con-
dition facilitates the accumulation of gas
and water. The phenomenon of gas accu-
mulation in the mined-out space depends
on multiple factors, including: the extent
to which the rock mass fills the void, the
gas content of the coal seam and the rock
mass within the strata, and is also depend-
ent on the ventilation method and the gen-
eral ventilation schematic of the area [31].

If a large void space is not filled, it be-
comes an ideal concentration point for to-
xic gases. This significantly affects the
coal recovery process in the protective pil-
lars. Furthermore, given a necessary void
space, compression occurs under the inf-
luence of the overlying rock mass. Under
certain conditions, this can create a gas
pocket within the mined-out space. This
poses a latent risk of causing mine inci-
dents (coal and gas outbursts). Alongside
the gas accumulation process is the water
accumulation process. These two process-
es are often inversely related as they can
displace each other. When voids appear,
influenced by surface water and ground-
water, water will flow into that void. Un-
der certain conditions, when the void is
sufficiently large, and the water is not
drained to the roadways or lower levels,
water pockets will form. This poses a ma-
jor hindrance to subsequent recovery work
and can harbor a latent risk of a water in-
rush incident.

Degree of fracturing

and strength of the coal mass

Upon completion of the exploitation
process, the protective coal pillar is influ-
enced by various factors (the excavation
of development headings, the blasting pro-
cess, the cavCoal pillar protecting the up-
per roadway of Thong Nhat coal mineing
process of the roof strata) [32]. Fig. 3 is the
coal pillar of Seam 7 in the Than Thung
area of Nam Mau Coal Mine. The action
of these multiple factors alters some of the
physical-mechanical properties of the pro-
tective pillar, such as the degree of fractur-
ing of the coal and rock mass in the area,
and the strength (or stability) of the coal,
roof strata, and floor strata. The extent of
this change depends on many factors, in-
cluding (the strength of the rock strata, the
size of the protective pillar, the method of
roadway excavation, the mining method,
and the roof strata caving method, etc.).
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Fig. 3. Coal pillar protecting the upper roadway of Thong Nhat coal mine
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This alteration affects the process of re-
storing the roadway network system, the
recovery mining system for the protective

coal pillars, the support of the roadways,

and the method of exploiting the protec-
tive coal pillar.

Advantages and Disadvantages
in the Protective Coal Pillar
Recovery Process

Advantages

When proceeding with the exploitation
of protective coal pillars, based on the ini-
tial geological documentation of the mine,
and through the prior mining process, ma-
ny factors concerning the coal and rock
mass are clarified, such as:

Seam Thickness and Dip Angle: (The
variation of thickness, dip angle, and the
quantity and characteristics of rock part-
ings within the seam).

Gas Content and Emission Rate of the
coal and rock mass in the strata, and the
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spontaneous combustion tendency of the
coal.

Groundwater Flow Rate within the
strata.

Physical-Mechanical Properties of the
roof and floor strata (structure, thickness,
strength, collapse potential, etc.).

The shape and dimensions of the pro-
tective coal pillar have been clarified upon
the completion of longwall exploitation.
The roadway network schematic and the

existing infrastructure serving the mining
operations in the area are known.

Disadvantages

In addition to the aforementioned fa-
vorable factors, the recovery of protective
coal pillars also faces many challenging
factors during the extraction process, spe-
cifically:

Roadway Network Restoration Work:
The roadways in the area have existed for

a relatively long period, and the surround-



ing rock mass is damaged, leading to the
supports carrying significantly high loads.
This results in changes to the shape and
cross-sectional dimensions of the roadways.
When proceeding with the protective coal
pillar recovery, the excavation ofnew road-
ways and the restoration of the old road-
way system face numerous construction
difficulties and harbor latent risks of incidents.

Challenges in Ventilation Work: When
only the protective coal pillar remains, the
roadways in the area are often single en-
tries (isolated). Therefore, when proceed-
ing with the recovery of these pillars,
ensuring safety through ventilation faces
many difficulties. The severity of this is-
sue depends on the length of the area, the
roadway cross-sectional area, etc.

Emergence of New Factors: The min-
ing process introduces new factors, mak-
ing it very difficult to ascertain the extent
of these factors, such as the level of gas
and water accumulation in the mined-out
area. This poses a latent risk of water in-
rush and gas outburst incidents.

Conclusion

This study successfully fulfilled its ob-
jective to systematically assess the multi-
ple factors influencing the protective coal
pillar recovery process in underground
mines. The core findings confirm that the
primary challenges stem from the residual
effects of prior mining, specifically the
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mechanically damaged state of the roof
strata which leads to an easily collapsible
condition, and the latent risks associated
with accumulated gas and water pockets
in the mined-out voids.

The analysis detailed how Mine Geo-
logical Condition Factors like seam thick-
ness, dip angle, and the strength of the sur-
rounding strata impact the choice of min-
ing systems and the risk of "rock bursts".
Crucially, the Technological Factors high-
light that the restoration of the severely
damaged and narrowed old roadway net-
work is the most significant challenge,
incurring high costs, prolonged time, and
substantial latent safety risks. The need
to establish or maintain a proper ventila-
tion system is also critical due to the high
concentration of toxic gases in areas that
may have been isolated, posing risks of
outburst and explosion.

The outcomes provide an essential
framework for identifying these specific
hazards and informing the necessary rein-
forced support solutions and revised tech-
nological procedures required to maxi-
mize coal recovery while strictly adhering
to safety standards. Future research should
focus on developing advanced numerical
models to simulate the interaction between
residual strata pressure and accumulated
fluids/gases, and on optimizing innovative
support technologies to reduce the cost and
complexity of restoring access roadways.
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