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AN EVALUATION OF COAL MINING APPROACHES 
IN THE COAL ACCUMULATION ZONE: 

A CASE STUDY OF THE NAM MAU COAL MINE, QUANG NINH (VIETNAM)

Purpose. To develop and validate integrated technical solutions for the safe and efficient extraction of coal reserves 
located at syncline bottoms (coal accumulation zone bottoms) in underground mines of the Quang Ninh region under 
complex tectonic conditions associated with increased risks in ventilation, drainage, transportation, and ground control.

Methodology. The study applied an integrated approach combining geological analysis, assessment of current 
mining conditions at Nam Mau Mine, development of optimized mine access and panel layout schemes, and design 
of supporting systems including ventilation and drainage arrangements. The proposed solutions were experimentally 
implemented and monitored at the I-9-3 longwall face to evaluate their operational effectiveness.

Findings. The application of morphology-based panel zoning, priority extraction of bottom zones, enhanced local 
ventilation, and improved drainage systems resulted in increased coal recovery, reduced losses, and stable control of 
methane concentrations within permissible limits. Operational stability of the longwall was improved, and technical 
and economic indicators showed measurable enhancement compared with previous conditions.

Originality. The study proposes and experimentally validates an integrated solution specifically adapted to syncline 
bottom geometries (trough-type and boat-type structures), addressing geological configurations that are common in 
the Quang Ninh coal basin but insufficiently systematized in mining practice.

Practical value. The results provide practical guidance for the design and implementation of mining operations in 
syncline bottom zones, contributing to improved safety, recovery efficiency, and operational reliability in under-
ground coal mines.
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Introduction. Coal remains a traditional, fundamen-
tal, and indispensable energy source for global econom-
ic development, particularly in developing nations like 
Vietnam. In the context of Vietnam’s robust economic 
growth, the demand for energy, especially electricity, is 
surging at an average rate of about 7‒8 % per year [1]. 
Ensuring a stable, reliable energy supply at a reasonable 
cost is a strategic priority for national energy security 
[2]. In a diverse energy landscape involving hydropower, 
renewables (wind, solar), and gas power, thermal coal 
power stands as an essential “backbone”, providing sta-
ble base-load electricity for the national grid [3]. Coal is 
a high-volume mineral in the industrial sector, widely 
used as fuel for electricity generation, metallurgy, and 
cement production [4, 5]. The demand for anthracite 
coal from domestic thermal power plants is projected to 
increase significantly during the 2021‒2030 period [6]. 
The Vietnam National Coal and Mineral Industries 
Group (Vinacomin/TKV) and the Northeast Corpora-
tion bear the critical responsibility of maintaining and 
supplying coal, especially for power generation, to en-
sure national energy security objectives. However, do-
mestic coal mining faces growing challenges, resulting 
in insufficient local commercial coal production to meet 
rising demand, which highlights the increasingly impor-
tant and strategic role of imported coal [7].

The Quang Ninh area is the main coal basin, playing 
a crucial role in the nation’s coal industry. Although the 
region possesses significant coal reserves, its mines, after 
nearly two centuries of exploitation, are facing increas-
ingly complex geological and technical challenges in un-
derground mining [8]. Mining operations are being con-

ducted at greater depths and over longer distances, 
which leads to higher production costs and reduced eco-
nomic efficiency. At the same time, the mountainous 
terrain, relatively steep slopes, and complicated geologi-
cal structures require the application of modern under-
ground mining technologies and substantial investment 
in mechanization.

In addition, underground working conditions are 
characterized by high temperature and humidity, limited 
visibility, and elevated safety risks [9, 10]. Safety hazards 
in underground coal mining remain constant threats and 
represent one of the most critical challenges for the in-
dustry [11]. These hazards include methane and coal 
dust explosions [12], roof and side collapses caused by 
rock pressure [13], water inrushes that may flood work-
ings and trigger collapses [1], as well as endogenous and 
exogenous mine fires [14]. Effective control of these 
risks, particularly under adverse geological conditions, is 
therefore an essential task for coal mining enterprises.

Among the geological challenges in the Quang Ninh 
coal basin, the presence of coal accumulation zone bot-
toms represents one of the most common and techni-
cally demanding problems [15]. These zones are typi-
cally associated with complex synclinal fold structures, 
often characterized by trough-shaped or boat-shaped 
morphologies.

Such structural configurations create significant dif-
ficulties for underground mining operations. Variations 
in seam dip angle within the fold structure complicate 
the layout of longwall panels, the division of mining 
blocks, and the selection of appropriate support systems. 
In addition, the bottom parts of these synclinal struc-
tures tend to accumulate water and methane, which in-
creases the risk of water inrush and gas-related inci-



ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2026, № 2	 23

dents. This requires specially adapted ventilation, drain-
age, and transport arrangements.

From an economic perspective, the geological com-
plexity of coal accumulation zone bottoms increases the 
cost of development workings, reduces the coal recovery 
rate, and may lead to higher coal losses if suitable tech-
nical solutions are not applied.

Although there have been many studies on under-
ground coal mining in Vietnam, the development and 
verification of an integrated set of technical solutions, 
specifically designed for each specific coal accumula-
tion zone morphology (concave and boat type), re-
mains a significant gap in both academic and practical 
aspects. Most mining models are often based on ge-
neric solutions, which are not capable of effectively 
controlling the complex geological conditions at the 
basin bottoms, leading to increased risks and resource 
losses. To address this practical challenge, the study 
selected the Nam Mau Coal Mine as a representative 
case study.

The Nam Mau Coal Mine, situated in Uong Bi City, 
Quang Ninh Province, is one of TKV’s largest and most 
important underground coal mines. It is known for its 
thick coal seams, large reserves, and the application of 
modern mechanized technologies in deep-level extrac-
tion. However, Nam Mau is also characterized by a 
complex geological structure, with the widespread pres-
ence of the coal accumulation zone bottoms, making 
safe and efficient mining difficult. The primary objective 
of this research is to develop and validate a set of inte-
grated technical solutions for the safe and efficient ex-
traction of coal reserves located at the bottoms of the 
coal accumulation zone in underground mines in the 
Quang Ninh region, specifically under the complex tec-
tonic conditions at the Nam Mau Mine.

Study area. The research area is located at Nam Mau 
coal mine (in the Uong Bi area, Quang Ninh coal ba-
sin). The testing location is the I-9-3 longwall face in 
seam No. 9. The technical and technological parame-
ters of the I-9-3 longwall are shown in Table. The dia-
gram of the tunnel line in the study area is presented in 
Fig. 1. The boundaries of the area are defined as fol-
lows – to the west by line T.III, to the east by line T.I, 
and to the south and north by the haulage and ventila-

tion roadways of the I-9-3 longwall. The study area has 
a terrain of high hills and mountains that are strongly 
dissected, creating a concave-convex surface. The ter-
rain surface is at its highest point of +480 m in the North 
and gradually decreases towards the South at +105 m.

Methodology. The analysis conducted during the re-
search and management of the I-9-3 longwall at Nam 
Mau Coal Mine was based on an integrated dataset that 
combined historical geological information with opera-
tional and field monitoring data.

Table
Economic and Technical Index Table of I-9-3 

Longwall
No Criteria Value
1 Average seam thickness, m 2.8
– Mirror height, m 2.2
– Height of floor coal recovery, m 0.6
2 Average seam slope angle, ° 3
3 Volume weight of coal, t/m3 1.83
4 Minimum longwall length, m 90
5 Maximum longwall length, m 95
6 Mining panel length along extraction 

direction, m
320

7 Extraction roadway width, m 0.8
8 Mining progress per cycle, m 0.8
9 Coal production per extraction cycle, t 360
10 Number of shifts completing one cycle 2
11 Mining output per day and night, t 540
12 Completion factor of an extraction cycle 0.9
13 Mining output per month, t 12,150
14 Longwall capacity, t/year 145,800
15 Number of workers per day and night, persons 81
16 Direct labor productivity, t/labor day 6
17 Explosive consumption per 1,000 t of coal, kg 200
18 Detonator consumption per 1,000 t of coal, pcs 750
19 Steel wire consumption per 1,000 t, kg 16.1
20 Steel mesh consumption per 1,000 t, m2 9.44
21 Wood props and packing per 1,000 t, m3 0.363
22 Short timber per 1,000 t, m3 0.503
23 Wood support per 1,000 t (L = 4 m), m3 0.125

Fig. 1. The diagram of the tunnel line in the study area
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Geological and mine structure data included geo-
logical profiles, exploratory drilling records, and mine 
layout diagrams, which provided information on the 
spatial structure and lithological composition of the 
study area. Additional documentation, such as strati-
graphic and reserve reports for the Northeast basin, 
structural and fault maps, and mine technical records, 
was used to identify potential geological risk factors.

Underground monitoring and operational data com-
prised ventilation parameters, gas measurements, infor-
mation on the underground network, safety regulations, 
and technical documentation of support systems. Oper-
ational records related to mining, transportation, and 
drainage activities were also analyzed to evaluate pro-
duction performance and associated risks.

Field monitoring data were collected during the ex-
perimental implementation phase and included airflow 
measurements, gas concentrations (CH4 and CO2), wa-
ter inflow observations, production indicators, and 
equipment operating time. The integration of baseline 
geological and design information with real-time opera-
tional monitoring data ensured a comprehensive assess-
ment of technical conditions and risk factors in the 
I-9-3 longwall area.

The research method applied is an integrated under-
ground coal mine design and optimization process, com-
bining theoretical analysis, engineering design, and field 
testing. This process includes the following main steps.

The first stage focuses on providing an overview and 
analysis of the morphology of coal accumulation zones, 
particularly in areas with complex geological structures 
or potential risks. This is followed by an assessment of the 
current status of clearing, separation, and mining opera-
tions in progress at representative coal seams. This assess-
ment forms the basis for subsequent design decisions.

Based on the analysis, the research team designed a 
new development plan that includes the layout of cross-
cut and along-seam roadways following the boundary 
pillars around the bottom of coal accumulation zones. 
The mine field division was determined according to op-
timized geometrical configurations (elliptical or “bowl-
shaped” forms), along with the establishment of an ap-
propriate mining sequence (either top-down or inde-
pendent in each extraction panel). At the same time, 
important auxiliary systems such as ventilation, drain-
age, and transportation were designed in an integrated 
manner to suit the new terrain and geological structure 
of the mine.

The design solution was transferred to the experi-
mental application phase in a specific area, the I-9-3 
longwall of the Nam Mau coal mine. During this phase, 
all activities were closely monitored and evaluated in de-
tail. The actual results from the testing were used to 
calibrate and refine the technical solutions, ensuring 
both feasibility and operational effectiveness.

To ensure the safe and effective implementation of 
the proposed mining solution, a series of technical and 
organizational measures was applied in the experimental 
area. These included advanced exploratory drilling 
along the development roadways and ahead of the long-
wall face to detect potential water or gas inflows; priori-
tizing the extraction of coal seams located at the bottom 
of the coal accumulation zone before mining the upper 
seams to minimize downward water infiltration; and 

adopting a two-level development scheme for large coal 
accumulation bases (elliptical in shape) while applying a 
single-level design for smaller ones. In addition, an aux-
iliary ventilation system using local fans was installed at 
the longwall face to improve air circulation and gas con-
trol. The pumping system was upgraded by replacing 
rigid pipelines with flexible hoses, a total of 600 meters 
of piping to enhance adaptability and operational effi-
ciency. Finally, appropriate haulage methods, including 
scraper conveyors, chutes, or belt conveyors, were se-
lected according to roadway inclination and mining 
conditions to ensure continuous and safe transportation 
of materials.

Finally, the research approach extended beyond 
mining techniques to include improvements in safety 
management and organizational efficiency. The re-
search team developed a specialized set of operational 
safety measures focusing on common hazards such as 
face spalling, roof falls, and pillar instability. In parallel, 
procedures for gas, water, and ground control, as well as 
maintenance of support equipment, were established. 
The organization of extraction and support operations 
was also improved, accompanied by operator training 
programs aimed at minimizing associated risks and en-
hancing overall mine safety.

Results and discussion. Exploratory drilling opera-
tions. During the monitoring of mining activities in the 
area, the research team observed that the production 
unit did not conduct exploratory drilling ahead of the ac-
tive mining section but only carried out drilling within 
the longwall face prior to blasting. As a result, potential 
risks related to water and gas in the area ahead of the face 
could not be anticipated. To address this issue, the proj-
ect team, in collaboration with the mining company, 
implemented an advanced exploratory drilling program 
in the areas ahead of the longwall face – both at the 
longwall itself and along the adjacent along-seam road-
ways. The detailed drilling plan is described as follows.

The boreholes were arranged along the along-seam 
ventilation roadway of the I-9-3 longwall, the along-
seam haulage roadway of the same longwall, and within 
the I-9-3 longwall face itself. The drilling direction was 
horizontal, oriented from the roadways into the coal 
seam. The drilling rigs were positioned horizontally 
along the roadway axis and precisely aligned with the 
predetermined borehole locations.

A total of eight exploratory boreholes were drilled 
during the operation. Boreholes Nos. 1 to 3 were located 
along the ventilation roadway, while Boreholes Nos. 4 to 
6 were placed along the haulage roadway, with spacing 
between holes ranging from 10 to 15 m. Boreholes Nos. 7 
and 8 were positioned within the longwall face at a spac-
ing of 40 m. Each borehole had a depth ranging from 21 
to 30 m and a diameter of ∅42 mm. The total drilling 
length completed during the exploration program was 
200 m.

Ventilation work. During the trial implementation 
period, the measured concentrations of harmful gases in 
the along-seam ventilation roadway were as follows - the 
concentration of CH4 ranged from 0.15 to 0.5 % (by vol-
ume), while CO2 concentrations varied between 0.1 and 
0.3 % (by volume). The average air velocity in the along-
seam haulage roadway was 0.9 m/s, and the average air-
flow entering the longwall face was approximately 
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6.5 m3/s. To improve the ventilation conditions, the au-
thors installed an auxiliary local fan at the along-seam 
ventilation roadway to enhance air supply to the I-9-3 
longwall face. Before the installation of the auxiliary 
fan, the average airflow entering the longwall was around 
6.5 m3/s; after installation, the airflow increased to ap-
proximately 9.6 m3/s. This improvement contributed to 
the dilution of harmful gases and ensured sufficient ven-
tilation at the working face. The monitored gas concen-
trations during operation showed that CH4 levels fluctu-
ated between 0.15–0.5 % (v/v), and CO2 levels ranged 
from 0.1–0.3 % (v/v) values that remained within con-
trolled safety limits after the ventilation enhancement.

Drainage work. During the field trial implementa-
tion, the research team identified deficiencies in the ex-
isting drainage system, which resulted in localized water 
accumulation at several points along the roadway net-
work. To eliminate this problem, a series of drainage im-
provement measures was designed and implemented.

A forced drainage system was installed at three loca-
tions, including two low points along the along-seam 
haulage roadway. In the along-seam ventilation road-
way, a sump was excavated approximately 90 m from the 
upper haulage roadway (+60 to +88 level, seam No. 9). 
In the along-seam haulage roadway, an additional sump 
was constructed at a distance of about 55 m from the 
same reference level.

Each sump corresponded to the roadway cross-sec-
tion of 8.3 m2 with a depth of 5 m, providing a storage 
capacity of approximately 40 m3. The drainage system 
was equipped with two pumps (one in operation and one 
standby unit), each with a capacity of 15 m3/h.

During the trial period, the longwall face had an un-
even dip angle along a 35 m stretch, causing water ac-
cumulation at certain points. The authors applied a 
forced pumping system to discharge water from the 
longwall face into the centralized drainage system along 
the haulage roadway.

The drainage pipeline system used by the mining 
company to transfer water from the pumps to the 
-50  cross-cut level frequently required reinforcement 
and replacement due to joint leakage, pipe breakage 
during equipment transportation, and rockfall damage. 
These issues reduced drainage efficiency and required 
frequent manual intervention, negatively affecting pro-
ductivity in the longwall.

To overcome this limitation, the authors, in collab-
oration with the company, proposed and implemented 
a replacement of the existing rigid pipeline with a flexi-
ble hose system of equivalent diameter. The total length 
of the replaced drainage pipeline was 600 m, signifi-
cantly improving operational reliability and mainte-
nance efficiency.

When finishing exploitation at the bottom of the ac-
cumulation zone, it is necessary to install a dedicated 
drainage and gas release system in the mined-out area. 
This system will allow partial discharge of water from 
upper mining zones into the previously mined bottom 
accumulation zone, thereby preventing potential risks of 
water and gas outbursts during future mining operations 
in adjacent areas.

Mining operations. During the implementation of the 
project, the research team proposed to Nam Mau Coal 
Company that the coal seams located at the bottom of 

the accumulation zone should be mined prior to the up-
per adjacent coal seams. This proposal was approved 
and implemented by the company.

When monitoring the mining process at the I-9-3 
longwall face, in order to propose trial solutions for im-
proving safety and production efficiency, the team ob-
served that the longwall face in this area was not posi-
tioned close to the floor rock of the boundary pillar. As 
a result, in several sections, the roof coal could not be 
fully recovered, with unrecovered lengths ranging from 
35 to 40 m. This led to coal losses in the area and re-
duced the overall production efficiency of the longwall. 
Recognizing this issue, the authors recommended that 
Nam Mau Coal Company lower the longwall face down 
to the floor rock of the boundary pillar to increase the 
roof coal recovery ratio. After applying this adjustment, 
the entire longwall face was properly aligned along the 
coal seam floor, allowing continuous roof coal recovery 
throughout the full face length. Consequently, coal out-
put increased, and the coal loss coefficient decreased, 
improving the overall extraction efficiency.

However, during the implementation of the solution 
to align the longwall face along the floor rock of the 
boundary pillar, the authors monitored the deformation 
behavior of the roof and floor strata. Several phenomena 
were observed, including face collapse, roof falls, varia-
tion of floor and pillar rock properties along the strike, 
pillar heaving along the dip direction, and roof weaken-
ing with local coal and rock spalling.

To address these stability issues, the research team, in 
cooperation with Nam Mau Coal Company, developed 
and implemented a series of technical measures to miti-
gate the above-mentioned hazards, as detailed below.

In cases of face spalling or local roof collapse, short 
wooden props combined with single hydraulic props 
were used for temporary support and roof stabilization. 
After reinforcing the area, coal cutting was resumed 
through the collapsed section. This solution is illustrat-
ed in Fig. 2.

Fig. 2 is an emergency decision-making diagram il-
lustrating remedial measures categorized by the severity 
of the face collapse incident. Before remedy, the long-
wall face is unstable due to the sloughing of coal or rock. 
If the lapse is minor (depth ≤ 1.0 m), the after remedy 
involves localized support using single hydraulic props 
and shield reinforcement to quickly stabilize the area 
and resume extraction. Conversely, if the lapse is major 
(depth > 1 m) or repetitive, the after remedy requires 
halting production, constructing pigsty timber chocks, 
and installing additional support that extends beyond 
the affected zone, ensuring the area is structurally se-
cured before operations can restart.

In cases of face collapse accompanied by roof fall 
ahead of the longwall face, short wooden props in com-
bination with single hydraulic props were installed, fol-
lowed by the placement of pigsty (timber chocks) packed 
tightly against the roof. Mining was then continued 
through the affected section. The treatment method is 
shown in Fig. 3.

Fig. 3 illustrates a procedure for handling a serious 
incident caused by the collapse of the longwall face roof 
(roof void). Before the remedy, the roof area is fractured, 
creating a large void or a mass of collapsed rock spilling 
into the working area, causing high danger and complete 
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production interruption. After the remedy, the core 
measures involve halting production, filling the void with 
specialized materials (such as sprayed grout or chemi-
cals), and firmly reinforcing the area with strong support 
structures (e.g., pigsty timber chocks). The goal is to per-
manently stabilize the roof strata, eliminate the risk of 
further collapse, and restore the safe cross-section of the 
roadway so that mining operations can continue.

In cases of floor heaving along the dip direction of 
the seam, if the heaved layer thickness was less than 
0.4 m, the roof level of the longwall was kept unchanged, 
and the face height was reduced accordingly. When the 
heaved layer exceeded 0.4 m, the longwall roof was cut 
higher so that the props could rest directly on the heaved 
rock surface. The treatment scheme is shown in Fig. 4.

Fig. 4 illustrates the procedure for handling a geologi-
cal situation in which pillar rock becomes exposed at the 
longwall face along the dip direction. This phenomenon 
results from displacement of the coal seam or roof strata, 
forming protruding rock masses that interfere with equip-
ment operation and hinder the mining process.

The adopted treatment method depends on the height 
of the exposed rock. When the protrusion height does not 
exceed 0.4 m, the working height of the longwall face is 
locally reduced, allowing the powered supports to pass 

over the uneven surface without cutting the rock and thus 
maintaining production continuity. In contrast, when the 
exposed rock height exceeds 0.4 m, the protruding sec-
tion must be cut and leveled to restore the required work-
ing cross-section. After leveling, the equipment and sup-
ports can advance safely and efficiently.

In cases of floor heaving along the strike direction of 
the seam, if the heaved rock layer was less than 0.4 m, 
the face height was reduced so that the powered sup-
ports could pass through the heaved section. When the 
heaved rock exceeded 0.4 m, the rock at the heaved sec-
tion was cut and leveled before advancing. The corre-
sponding treatment diagram is presented in Fig. 5.

Fig. 5 outlines the technical response for roof rock 
protruding into the longwall face, classified by the height 
of the obstruction. Before the remedy, the floating rock 
interferes with the operation of the powered supports. 
The key threshold is 0.4 m. If the floating rock height is 
≤ 0.4 m, the after remedy involves reducing the longwall 
face height to allow the shield supports to pass safely 
without cutting the rock, ensuring continuous produc-
tion. Conversely, if the height exceeds 0.4 m, the after 
remedy mandates mechanically cutting and leveling the 
rock to restore the standard working cross-section. This 

Fig. 2. Measures to handle when the furnace has a mirror 
lapse

Fig. 3. Remedies when the furnace roof is collapsed
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hazardous zone, and protect the mechanized support 
system, thereby ensuring safe continuation of mining 
operations.

Fig. 4. Remedial measures when the pillar stone is exposed in the slope direction:
a ‒ maintain longwall roof plane (when the height of the pillar stone is exposed ≤ 0.4 m; b ‒ change longwall roof plane (when the 
height of the pillar stone is exposed > 0.4 m)

a b

critical intervention ensures the supports can advance 
efficiently and safely, preventing major delays or damage 
to the mechanized equipment.

In cases of hanging roof voids, since the longwall 
uses powered supports (shield supports), it was not pos-
sible to induce roof caving by blasting. Therefore, pigsty 
timber chocks were built under the hanging area for re-
inforcement, and additional single hydraulic props were 
installed for enhanced support. The reinforced section 
extended more than 5 m beyond the affected area. This 
method is illustrated in Fig. 6.

Fig. 6 presents the measures applied when the roof 
strata remain hanging and fail to cave as planned, form-
ing a large void above the longwall face. This situation is 
particularly critical because, with the use of powered 
(shield) supports, roof caving cannot be induced by 
blasting. In such conditions, the roof rock remains sus-
pended over the goaf area, creating a hazardous void 
above the supports and posing a risk of sudden large-
scale collapse as well as excessive and unpredictable 
loading on the shield supports.

To eliminate this hazard, pigsty timber chocks are 
constructed directly beneath the hanging roof zone to 
provide substantial and stable reinforcement. Addi-
tional single hydraulic props are installed to enhance 
localized support capacity, and the reinforced section 
is extended at least 5 m beyond the affected area. 
These measures stabilize the roof strata, isolate the 

Fig. 5. Remedial measures for floating roof rock along the seam direction:
a ‒ maintain longwall roof plane (when the height of the floating rock ≤ 0.4 m); b ‒ drilling and blasting to cut through heaved 
floor (when the height of the floating rock > 0.4 m)

a b

Fig. 6. Measures to handle when the wall is hanging and 
the roof is empty
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iary ventilation fans, extended exploratory drilling), and 
their effectiveness depends heavily on the specific geo-
logical conditions of each syncline. In particular, the 
design of coal panels must precisely follow the struc-
tural geometry to avoid unnecessary coal loss due to 
protective pillars. Therefore, for a successful large-scale 
application, a standardized pre-drilling exploration pro-
cedure and consistent implementation of the “bottom-
first” mining sequence should be established, accompa-
nied by detailed economic feasibility assessments prior 
to deployment.

Conclusion. The field experiment conducted at the 
I-9-3 longwall face of the Nam Mau Coal Mine demon-
strated that the proposed integrated technical solu-
tions – including pre-drilling exploration, priority ex-
traction of the coal accumulation zone bottom, opti-
mized roadway connection and ventilation enhance-
ment, as well as improvements to drainage and trans-
portation systems – provided measurable technical and 
economic benefits. The implemented measures reduced 
the risk of water and gas-related incidents, improved 
working conditions at the longwall face, and increased 
the coal recovery factor.

The obtained results confirm the technical feasibility 
and practical effectiveness of applying an integrated ap-
proach to coal extraction in syncline bottom zones with-
in underground mines of the Quang Ninh region. At the 
same time, large-scale implementation should consider 
the required initial investment and the need for detailed 
design adapted to the specific geological and structural 
conditions of each accumulation basin.

Further pilot applications in different geological set-
tings are recommended in order to validate the adapt-
ability of the proposed solutions and to develop stan-
dardized technical guidelines for broader implementa-
tion in underground coal mining practice.
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conditions, confirming the practical effectiveness of the 
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Оцінка підходів до видобутку вугілля 
в зоні його накопичення: на прикладі 
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Мета. Розробка й валідація інтегрованих техніч-
них рішень для безпечного й ефективного видобут-
ку вугільних запасів, приурочених до донних час-
тин синкліналей (зон накопичення вугілля) у під-

земних шахтах регіону Куангнінь за складних тек-
тонічних умов, що супроводжуються підвищеними 
ризиками у сфері вентиляції, водовідливу, тран-
спортування та управління гірничим тиском.

Методика. У дослідженні застосовано комплек-
сний підхід, що включає геологічний аналіз, оцінку 
сучасного стану гірничих робіт на шахті Nam Mau, 
розробку оптимізованих схем розробки родовища 
й розташування вибоїв, а також проєктування до-
поміжних систем, зокрема вентиляції та водовідли-
ву. Запропоновані рішення були апробовані у про-
мислових умовах на лаві I-9-3 для оцінки їхньої 
експлуатаційної ефективності.

Результати. Застосування зонування виїмкових 
дільниць на основі морфології, пріоритетного ви-
добутку у донних частинах синкліналей, посилення 
локальної вентиляції та вдосконалення систем во-
довідливу забезпечили підвищення коефіцієнта ви-
лучення вугілля, зменшення втрат і стабільний 
контроль концентрації метану в межах допустимих 
норм. Підвищена експлуатаційна стійкість очисно-
го вибою, а техніко-економічні показники демон-
струють відчутне покращення порівняно із попере-
дніми умовами.

Наукова новизна. У роботі запропоноване й екс-
периментально підтверджене інтегроване рішення, 
спеціально адаптоване до геометрії донних частин 
синкліналей (жолобоподібних і човноподібних 
структур), що враховує геологічні умови вугільного 
басейну Куангнінь, недостатньо систематизовані 
в гірничій практиці.

Практична значимість. Отримані результати на-
дають практичні рекомендації для проєктування та 
впровадження гірничих робіт у зонах синкліналей, 
сприяючи підвищенню безпеки, ефективності ви-
лучення запасів і надійності експлуатації підземних 
вугільних шахт.

Ключові слова: В’єтнам, видобуток вугілля, донна 
частина синкліналі, зона накопичення вугілля, очис-
ний вибій, шахта Нам Мау
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