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TECHNICAL SOLUTIONS FOR SAFE AND EFFICIENT MINING
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Purpose. To develop and validate technical solutions for safe and efficient coal extraction at the bottom of deep
coal accumulation zones characterized by complex geological and hydrogeological conditions. The research address-
es key challenges such as high groundwater pressure, faulted structures, and reduced rock mass stability, using the
Nam Mau and Nam Khe Tam underground mines as representative case studies.

Methodology. The research methodology combined geological—hydrogeological data analysis, spatial database
development, three-dimensional numerical modeling, expert evaluation, and pilot field validation. Based on struc-
tural and hydrological characteristics, two access systems were designed and implemented: a dual-level access layout
for large and deep accumulation zones (Nam Mau Mine), and an optimized single-level access system for smaller and
moderately inclined seams (Nam Khe Tam Mine).

Findings. Field implementation demonstrated the technical effectiveness of the proposed systems. At Nam Mau
Mine, the dual-level layout reduced groundwater accumulation by 35 %, increased ventilation efficiency by 1.45 times,
and eliminated water inrush incidents during the testing period. At Nam Khe Tam Mine, the optimized single-level
system reduced flooding-related downtime by 40 % and increased production by 9 %.

Originality. The study proposes a differentiated design approach for mine access systems based on the morpho-
logical and hydrogeological characteristics of coal accumulation zones. The developed layouts provide an adaptive
framework for managing high hydrostatic pressure and complex tectonic conditions in deep underground mining.

Practical value. The proposed solutions can be applied to other underground coal mines with similar geological settings
in the Quang Ninh Basin, contributing to improved safety, enhanced resource recovery, and greater operational efficiency.
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Introduction. The Quang Ninh coal basin is the most
important coal mining area in Vietnam, accounting for
over 90 % of the country’s underground coal production
[1]. In the context of Vietnam’s growing energy demand
and its commitment to balancing economic growth with
environmental sustainability, coal remains a crucial
component of the national energy mix [2]. The Quang
Ninh coal basin plays a vital role not only in energy se-
curity but also in regional socio-economic development
[3]. However, as surface and shallow reserves are being
depleted, mining activities have increasingly shifted to-
ward deeper seams with more complex geological and
hydrogeological conditions. These challenges require
the development of new, adaptive, and safer mining
technologies suitable for deep and structurally complex
coal deposits, particularly those located at the bottom of
the coal accumulation zone.

This coal region is located in the Northeast region,
with a complex geological structure, characterized by
large folds and faults, of which coal accumulation
structures are common [4]. The coal accumulation ar-
eas are where valuable coal resources are concentrated,
but their bottom, called the bottom of the coal accu-
mulation zone, is an area with extremely complex geo-
logical and hydrological conditions, posing many risks
in mining [5].

Safe and effective mining at the bottom of the coal
accumulation zone has long been regarded as one of the
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greatest technical challenges for the underground coal
mining industry in Quang Ninh [6].

In actual production at coal mines such as Nam
Mau, Nam Khe Tam, Vang Danh and Ha Lam, the coal
at the bottom of the coal accumulation zone is often un-
mined or only partially exploited due to serious risks.
The main reasons are unstable geological conditions,
the presence of complex fault systems, high groundwater
pressure, weak mechanical properties of surrounding
soil and rock, and high mine pressure. These factors in-
crease the risk of water bursts, tunnel collapses, and un-
derground structure deformation, causing labor safety
hazards and significantly reducing the coal recovery fac-
tor. In particular, as the mining depth increases (many
mines have gone below —300 m), dangerous factors be-
come more evident, while increasing energy demand
requires the thorough exploitation of resources [7].

Therefore, mining the bottom of the coal accumula-
tion zone poses major technical challenges that need to
be solved, including:

- establishing optimal technological processes for
ventilation, drainage, and transportation;

- proposing a reasonable mine field division plan at
the bottom of the coal accumulation zone (usually
shaped like a basin or boat) to avoid coal loss;

- determining the optimal mining order to reduce the
cost of tunnel protection and drainage costs for the area.

Many previous studies in Vietnam have focused
mainly on coal seams with simple structures, without
fully considering the complex geological and hydrologi-
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cal characteristics of the coal accumulation zone [8].
Although international nations have proposed several
solutions, such as multi-level mine access, inclined shaft
arrangements, stratified drainage systems, combined
forced-natural ventilation, and ground support rein-
forcement using flexible materials, such as China [9,
10], Poland [11], Germany [12], Russian [13]. However,
these methods cannot be directly applied to the Quang
Ninh region due to the large differences in stratigraphy,
mine pressure intensity, and technical infrastructure.
Therefore, in-depth, localized research is needed.

On that basis, this study was conducted to propose
reasonable and safe technical solutions for mining the
coal at the bottom of the coal accumulation zone, ensur-
ing economic-technical efficiency and mine safety. The
two mines selected for the study are Nam Mau (complex
structure, large slope angle, high groundwater pressure)
and Nam Khe Tam (sloping seam, small coal accumula-
tion, and shallow groundwater system), representing two
common coal accumulation morphologies in the region,
with the goal of developing a model applicable to other
mines with similar conditions. Therefore, this study con-
tributes both scientifically and practically to under-
ground mining engineering in Vietnam. Scientifically, it
develops a comprehensive framework for analyzing and
designing safe and efficient mining systems under com-
plex geological structures. Practically, it provides verified
technological solutions applicable to deep underground
coal mines in the Quang Ninh basin and other regions
with similar geological settings. The research results
serve as an important foundation for formulating future
mining strategies aimed at enhancing resource recovery,
ensuring operational safety, and promoting sustainable
development in the coal industry.

Study area. The study area belongs to the under-
ground coal mines in the Quang Ninh region, concen-
trated at Nam Mau and Nam Khe Tam mines, where
there are many coal accumulations in the form of basins
and boats. Nam Mau coal mine is located in Uong Bi
city, Quang Ninh province, with coordinates approxi-
mately 21°01°—21°03" north latitude, 107°27°—107°29’
east longitude. The mining area is on hilly terrain with
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relatively steep slopes and complex geology, making it
suitable for underground coal mining. Currently, the
mine operates at great depths using modern technolo-
gies on deep levels. The average elevation of the mining
area is from 100 to 300 meters above sea level. This is a
large coal mine, belonging to TKV Group, contributing
greatly to coal output and revenue for Quang Ninh prov-
ince. Nam Mau Coal Company has invested heavily in
mechanized equipment, increasing labor productivity
and improving working conditions. The mine is also as-
sociated with many social activities, supporting local
community development. Nam Mau is a significant un-
derground coal mine operating under the Vietnam Na-
tional Coal and Mineral Industries Group (Vinacomin).
Known for its thick coal seams, it is considered a major
site for modern underground mining in Vietnam [14].
The mine has undergone continuous modernization
with investments in mechanization and safety, aiming to
increase labor productivity while ensuring worker safety.

In recent years, Nam Mau has expanded production
capacity significantly, targeting annual outputs of over
1 million tons, and reaching 2.42 million tons in 2024.
The company emphasizes environmental protection, in-
vesting in infrastructure to reduce the environmental
impact of mining activities. The workforce is highly
skilled, and the operation has been recognized for excel-
lent safety records and production efficiency. Nam Mau
also focuses on tech upgrades, including mechanized
coal cutting and conveyor systems to improve opera-
tional efficiency and reduce labor intensity. The cross-
section presented in Fig. 1 shows geological and hydro-
geological complexities at the bottom of the Nam Mau
accumulation zone. The figure visually confirms that the
deep coal seams are characterized by significant burial
depth and a highly complex tectonic structure. The coal
seams exhibit a pronounced dip angle, and the entire
structure is significantly fractured by multiple major and
minor fault systems. These faults (marked in the figure)
intersect the coal seams and surrounding rock, creating
unstable zones. This figure illustrates the proximity of
water-bearing strata (aquifers) to the main mining zone,
particularly near the fault lines. These fractured zones
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Fig. 1. Cross section of Nam Mau coal mine opening
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act as high-permeability pathways, channeling large
volumes of groundwater towards the mine bottom under
extreme hydrostatic pressure. This complex structure
and high-pressure hydrogeology severely restrict the
available space for a safe single-level access system, un-
derscoring the requirement for the dual-level system de-
veloped by this study to effectively manage water inflow
and maintain stable access.

Nam Khe Tam Coal Mine is known mainly as Khe
Tam Coal Mine and is currently exploited by Duong Huy
Coal Company — TKYV (Vietnam National Coal — Min-
eral Industries Group), headquartered in Cam Pha,
Quang Ninh. The mine is located in an area with coordi-
nates of about 21°01° north latitude, 107°25’ east longi-
tude. The mine is located in a low mountainous area, and
the terrain is relatively flatter than Nam Mau, suitable for
deep underground mining. The average slope of the min-
ing area is from 15—30 degrees. The coal mine is mainly
exploited at a depth of about —100 meters below ground
level, with plans to expand the mining level deeper, and is
implementing a plan to exploit below —100/-250 shafts.
Khe Tam mine is a large underground coal mine with a
designed capacity of 2.5 million tons/year, considered an
important milestone in the sustainable development
strategy of TKV, contributing greatly to the coal output of
the Quang Ninh coal industry and playing a major role in
the local economy [15]. There have been many invest-
ments in expansion and technological improvements to
increase mining capacity. The mine plays an important
role in local economic development, creating jobs and
promoting socio-economic activities in the Cam Pha re-
gion. These mines are part of Vietnam’s strategic coal
production, featuring ongoing modernization and sus-
tainable development efforts. The Nam Khe Tam mine,
representing smaller accumulation zones, features mod-

VENTILATION INCLINE  J

erately inclined seams at levels like —50 (Seam 9). Fig. 2
illustrates a characteristic single-level tunnel diagram for
this zone, visually demonstrating the geometric con-
straints and the necessity of strategic central drainage re-
quired to manage localized water hazards in the moder-
ately complex geological setting.

Methodology. The research data were collected from
various sources, including geological-technical records,
production reports, field measurement results, and ex-
perimental mining data. Geological and hydrogeologi-
cal information was obtained from exploration drilling
reports, geological structure maps, and groundwater
level logs at the Nam Mau and Nam Khe Tam mines.
These data were used to determine the morphology of
the coal accumulation zones, aquifer depth, and fault
distribution affecting mining safety.

Mining technical data included parameters of the
roadway system, coal extraction methods, ventilation
schemes, transportation routes, and drainage systems.
These parameters were derived from official mine techni-
cal documentation and periodic reports of the Vietnam
National Coal and Mineral Industries Group (TKV).

Experimental monitoring data were collected during
the trial mining phase at the Nam Mau mine and com-
prised production output, coal recovery coeflicient,
mine gas pressure, drainage flow rate, and safety perfor-
mance indicators.

In addition, ancillary data were obtained from mine
design software, remote sensing imagery, and digital el-
evation models (DEM), which were used to simulate
underground flow conditions and the morphology of
the coal accumulation floor.

All data are standardized and integrated into a spatial
database (GIS) for analysis, simulation, and multi-crite-
ria evaluation. Data processing is performed using Surf-
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Fig. 2. Coal accumulation zone tunnel diagram of seam 9 at level —50 of Nam Khe Tam mine
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er, ArcGIS, and Excel tools, ensuring consistency and
high accuracy. The study was conducted based on the
combination of theoretical analysis, field survey, techni-
cal simulation, and experimental evaluation, aiming to
propose a suitable mining solution system for the bottom
of the coal accumulation zone under the conditions of an
underground mine in the Quang Ninh region.

The study employed a combination of theoretical
analysis, field investigation, technical modeling, and
practical validation to develop safe and efficient mining
solutions for the bottom of the coal accumulation zone
in underground coal mines of the Quang Ninh region.

Research data were collected from multiple sources,
including geological-hydrogeological records, structur-
al maps of coal accumulation zones, borehole logs, pro-
duction reports, and field monitoring results at Nam
Mau and Nam Khe Tam mines. Key datasets such as the
morphology of the coal accumulation zone, coal seam
inclination, mine pressure, groundwater conditions,
and roadway systems were standardized and integrated
into a spatial database (GIS). The data were processed
and analyzed using specialized software such as Surfer,
ArcGIS, AutoCAD Mine Design, and Excel to support
multi-criteria assessment and 3D modeling of the bot-
tom zones.

A systematic review of national and international
studies was conducted to establish the theoretical frame-
work concerning the geological structure of coal accu-
mulation zones, underground mining systems, and hy-
drogeological control methods. The main technical pa-
rameters analyzed include seam inclination, rock mass
mechanical properties, groundwater pressure, fold mor-
phology, and ventilation capacity.

Empirical data from the study sites were statistically
analyzed to establish representative geological and min-
ing models. Advanced simulation tools (Rocscience,
Surpac) were applied to model mining layouts, ventila-
tion systems, and dewatering networks under complex
geological and hydrogeological conditions. These mod-
els helped determine the optimal mining sequence, as-
sess the stability of underground structures, and predict
potential hazards such as water inrush, roof collapse,
and roadway deformation.

A multidisciplinary expert method was used to verify
and evaluate the feasibility of proposed solutions. Opin-
ions from experts in mining engineering, geology, and
mine safety (from the Vietnam National Coal and Min-
eral Industries Group — TKV and research institutes)
were integrated to select the most technically sound and
economically viable mining solutions for the bottom of
the coal accumulation zone.

Pilot implementation was conducted at the Nam
Mau Mine, focusing on the bottom area of Coal Seam 9
representative of complex hydrogeological conditions
typical of Quang Ninh mines. Operational parameters
such as production rate, coal recovery coeflicient,
groundwater inflow, ventilation flow rate, support stabil-
ity, and operating costs were continuously monitored.
These results provided the basis for assessing the techni-
cal-economic effectiveness and for refining the pro-
posed technological schemes.

The final stage involved comparing the modeled and
field-tested solutions in terms of recovery efficiency,
safety performance, operating cost, and adaptability to

other mines within the Quang Ninh coal basin. The out-
comes were synthesized to propose an optimized mining
technology and a systematic procedure for safe, efficient
exploitation of coal seams at the bottom of the coal ac-
cumulation zone.

Results and discussion. Nam Mau mine. The study
proposed a dual-level access plan for the coal accumula-
tion zone of Seam 9, an area with large coal reserves but
complex hydrogeological conditions. For bottom areas
of the coal accumulation zone shaped elliptical, with a
major axis longer than 250 m and minor axis longer than
200 m, the two-level mine opening plan is applied. In
this method, the upper part of the bottom is accessed by
a cross-seam tunnel, and the bottom is opened by raises
excavated from the cross-seam tunnel of the lower level.
This opening method facilitates ventilation and drain-
age at the bottom of the coal accumulation zone and
minimizes coal loss due to fewer support pillars left for
the opening tunnels. Fig. 3 presents the detailed Dual-
Level Access Layout specifically developed for the bot-
tom of the deep and tectonically complex Seam 6A ac-
cumulation zone at the Nam Mau mine. This plan is the
central technical response to the severe geological and
hydrogeological challenges identified in Fig. 1.

The layout is characterized by the strategic division
of the mine bottom into two distinct, interconnected
sub-levels (e.g., an upper and a lower sub-level). The
lower sub-level is designated primarily as the main
drainage and pumping infrastructure, effectively isolat-
ing the high-water-risk zone from the primary produc-
tion level above it. This separation is vital for continuous
operation and minimizes the risk of catastrophic water
inrush due to the high hydrostatic pressure. The dual-
level system facilitates a clear division of operational
tasks. The upper level focuses on coal extraction and
transport, while the lower level ensures efficient ventila-
tion return and water collection. This spatial arrange-
ment enhances air circulation efficiency and provides
stable, non-congested access routes, dramatically im-
proving overall operational safety and productivity in
the confined, deep-seated working area:

- lower level (—250) digging a tunnel through the seam
to drain water and arrange the main transport route;

- upper level (—175) arranging an upper rock furnace
for ventilation and gas release.

Cross-cut transportation A
roadway level -40

Cross-cut level -50

Transportation roadway velvel -50,

Fig. 3. Division plan for the bottom of the coal accumula-
tion zone seam 6A at Nam Mau coal mine
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The two levels were connected by an inclined shaft
designed to regulate the wind and lead self-flowing wa-
ter to the concentration pit. This solution reduced water
accumulation by 35 %, increased the ventilation effi-
ciency by 1.45 times, and stabilized mine pressure, with-
out water bursting during the testing process.

The selected mining system was along-strike long-
wall panel division, with coal extraction carried out by
controlled drilling and blasting, and roof support pro-
vided by ZH-1600/16/24 hydraulic shield supports. The
operational results indicated:

1. Average productivity: 400—420 tons/day.

2. Coal recovery coefficient: 0.90 (compared to 0.82
previously).

3. Drainage costs reduced: 12—15 %;

4. Total mine output increased by: 8—10 %;

5. No accidents due to water bursts or collapses.

Nam Khe Tam mine. Due to the smaller scale of the
coal accumulation zone (axis length < 200 m), the au-
thors applied a single-level access system combined with
an inclined panel mining layout. Fig. 4 serves to further
validate the application of the Single-Level Access Sys-
tem for smaller-scale accumulation zones, similar to the
setting illustrated in Fig. 2, but at the higher Level +60 of
the Nam Khe Tam mine (Seam 11).

This diagram confirms the system’s adaptability:
Despite the difference in elevation and seam number,
the fundamental principle remains the same: accessing
the reserve from a single main level with sub-galleries
driven towards the boundary. This demonstrates the
schematic’s inherent flexibility to adjust to minor geo-
logical variations within the same mine. Unlike the cen-
tral drainage focus in Figs. 2, 4 layout emphasizes the
positioning of the main access and ventilation ways rela-
tive to the seam’s boundary. This design ensures that the
working face maintains a high concentration of air cir-
culation and a minimized haulage distance from the ex-
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traction point to the main tunnel. This simplified, sin-
gle-level design, successfully applied at both levels —50
(Fig. 2) and +60 (Fig. 4), proves its cost-effectiveness
and operational efficiency for exploiting reserves in
moderately complex structures where the dual-level
complexity is not warranted.

The main cross-seam furnace is located at the level
—150, which acts as both a transport and a main drainage
channel. Auxiliary raises were connected to the upper
mining levels to provide natural ventilation.

The drainage system adopted a combined model of
self-flowing and forced pumping, using vertical pumps
with a capacity of Q = 30 m*/h and a head of H =120 m.
After implementation, water accumulation decreased by
40 %, production downtime due to flooding was reduced
by 45 %, and mining productivity increased by 9 %. The
mining system utilized single hydraulic props
(2 x 250 kN), suitable for moderately inclined seams, en-
suring high stability and ease of movement. The techni-
cal and economic performance was recorded as follows:

- coal recovery coefficient: 0.88 (increased by 6 %
compared to the old method);

- reduction in transportation and drainage costs
(10 %);

- air humidity in the furnace is stable at 83—85 %,
meeting mine safety standards.

Comparison and evaluation of the overall effectiveness.
The results of comparing the two mines are shown in
Table 1. The comparative results presented in this Table
reveal clear differences in the technical behavior and op-
erational efficiency between the two representative
mines. The dual-level access system applied at Nam
Mau Mine proved to be more effective in areas with high
groundwater pressure and steep coal seams (30—70°).
The two-level layout, consisting of separate drainage
and ventilation horizons, enhanced hydraulic control,
reduced water accumulation by approximately 35 %,

Fig. 4. Coal accumulation zone tunnel diagram of seam 11 at level +60 Nam Khe Tam mine
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and increased ventilation efficiency by 1.45 times com-
pared to the previous single-level configuration. These
improvements not only stabilized mine pressure but also
eliminated the risk of water inrush during production.
As a result, the recovery factor at Nam Mau reached
0.90, while drainage costs decreased by 12—15 %, dem-
onstrating high technical and economic efficiency under
complex hydrogeological conditions.

In contrast, the single-level access system imple-
mented at Nam Khe Tam Mine was more suitable for
gently inclined seams (20—45°) and smaller coal accu-
mulation zones where the groundwater inflow is moder-
ate. This simpler configuration reduced construction
costs and facilitated natural ventilation. Despite its less
complex layout, the system effectively reduced flooding
downtime by 40—45 %, increased productivity by 9 %,
and maintained a coal recovery factor of 0.88, while en-
suring workplace stability and safety. The use of vertical
pumps (Q = 30 m’/h, H = 120 m) and single hydraulic
props (2 x 250 kN) further optimized drainage and
structural support efficiency.

Overall, the analysis of Table 1 demonstrates that the
dual-level access method at Nam Mau Mine is techni-
cally superior for deeper and high-pressure zones,
whereas the single-level system at Nam Khe Tam Mine
offers greater cost-effectiveness and adaptability to
moderate geological conditions. Both models ensure
operational safety, stability, and significant economic
gains by improving resource recovery and reducing pro-
duction interruptions. The proposed mining systems
fully meet the technical, safety, and economic require-
ments for coal extraction at the bottom of the coal ac-
cumulation zone, and their successful implementation
at Nam Mau and Nam Khe Tam confirms their feasibil-
ity and scalability for other underground coal mines in
the Quang Ninh basin. These results provide a robust
practical foundation for developing a standardized tech-
nological framework for mining in coal accumulation
zones, contributing to maximized resource utilization
and reduced coal losses across the region.

Assessment of practicality and economic and technical
efficiency. The research results have contributed to
strengthening the theoretical foundation for mining in
areas with complex coal accumulation structures, where
geological, hydrogeological, and geomechanical factors
interact closely. The proposed solutions were not solely
based on traditional geological and mining theories but
also incorporated three-dimensional technical model-
ing to determine stress fields, groundwater distribution,
and mine gas migration patterns. The development of a
dual-level access system for large coal accumulation

Table 1
Results of comparing the two mines
L Nam Mau | Nam Khe
Criteria . .
mine Tam mine

Type of mine opening Dual-level | Single-level
Seam dip angle 30-70° 20—45°
Groundwater discharge (m®/h) 8§-25 5-15
Increase in coal recovery factor, % +8 +6
Reduced mine drainage cost, % 12—15 10
Increase in productivity, % 8§—10 9
Reduced mining downtime, % 40 45

zones and a flexible single-level system for smaller ones
represents a novel approach, allowing the mining system
to be adaptively designed according to the morphologi-
cal characteristics of each mine.

In addition, the study proposed a longwall mining
system divided along the strike, combined with a mobile
frame and single hydraulic support, ensuring flexible
load-bearing capacity, reduced roadway sidewall defor-
mation, and maintained roof stability under high mine
pressure conditions. This solution replaces traditional
support methods (such as timber or discrete metal
props), thereby enhancing safety and increasing mining
productivity by 8—10 %.

The experimental results at Nam Mau and Nam Khe
Tam mines demonstrated that the proposed models
achieved high technical and economic efficiency.

At Nam Mau mine, the dual-level access system re-
duced water accumulation by 35 %, achieved a coal re-
covery factor of 0.90, and lowered drainage costs by
15 %. At Nam Khe Tam mine, the flexible single-level
approach reduced production downtime due to flooding
by 40 % and increased average productivity by 9 %.

A notable advantage is the integration of forced-nat-
ural ventilation and gravity—pumping drainage, which
reduced energy consumption, minimized water inrush
incidents, and maintained a safer working environment.
These results indicate that the proposed solutions can be
applied stably and sustainably, with strong potential for
replication in other Quang Ninh mines with similar geo-
logical structures, such as Ha Lam, Vang Danh, and
Khe Cham.

Compared with traditional methods, the coal seams
at the bottom of the coal accumulation zone are often
left unmined or extracted manually due to complex hy-
drogeological conditions and high mine pressure. The
single-level mining methods combined with wooden or
simple bolt supports cannot ensure safety when encoun-
tering large groundwater flows. Compared with those
methods, the solution proposed in this study offers sev-
eral outstanding advantages as follows:

- to reduce the risk of water bursting and the collapse
of the furnace thanks to the arrangement of two mining
opening levels;

- to increase the stability of underground structures
through the use of advanced support systems;

- to optimize costs and improve the coal recovery
factor, enabling the extraction of previously “neglected”
resources at the bottom of the coal accumulation zone.

Limitations and future research directions. Although
the results are very promising, the study still has some
limitations. The simulation models have only been test-
ed at two representative mines (Nam Mau and Nam
Khe Tam), and therefore do not fully cover the complex
geological and hydrogeological conditions of the entire
Quang Ninh coal basin. In addition, mine pressure and
groundwater flow parameters are strongly influenced by
seasonal variations and mining activities in adjacent lev-
els, which should be monitored using Hydro-Geome-
chanical modeling in future research. Moreover, the
current study has not yet incorporated dynamic cou-
pling between hydrogeological changes and stress redis-
tribution during long-term operations. The applied nu-
merical models primarily reflect static conditions, while
actual mining processes are influenced by continuous
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deformation, gas migration, and groundwater fluctua-
tions. Future studies should therefore integrate time-
dependent hydro-geomechanical simulation to capture
these dynamic behaviors more accurately. Another limi-
tation lies in the monitoring and control systems, which
remain largely manual. To enhance operational safety
and predictive capacity, future research should focus on
developing IoT-based sensing networks, Al-assisted ear-
ly warning systems, and automated control of ventila-
tion and drainage operations. These technologies will
facilitate real-time decision-making and risk mitigation,
especially in deep mining environments with complex
tectonic coal accumulation zones.

Future research should focus on advancing the tech-
nical and scientific foundations of underground coal
mining in complex geological environments. Priority
should be given to applying three-dimensional numeri-
cal models that integrate geological, hydraulic, and geo-
mechanical factors, enabling a more accurate represen-
tation of the interactions among rock stress, groundwa-
ter flow, and structural deformation under real mining
conditions. Further development of time-dependent
hydro-geomechanical simulations will allow researchers
to capture dynamic changes in pressure and water mi-
gration during continuous operations. In parallel, the
implementation of IoT-based monitoring networks and
Al-assisted early warning systems will facilitate real-
time data acquisition and automated control of ventila-
tion, pumping, and mine pressure, thereby improving
both safety and operational efficiency. To validate these
technologies, it is necessary to expand field experiments
to deeper syncline structures (> 400 m) in order to assess
long-term stability and adaptability under higher stress
and water pressure conditions. From a sustainability
perspective, future studies should also examine the en-
ergy efficiency and environmental performance of the
proposed mining systems, focusing on optimizing drain-
age energy use, recycling mine water, and reducing car-
bon emissions. Integrating these technological and en-
vironmental innovations will drive the transition toward
smart, sustainable, and resilient underground coal min-
ing in Vietnam’s deep and tectonic coal accumulation
zones, ensuring both resource efficiency and long-term
safety in the coal industry.

In summary, the proposed technical solutions are
not only feasible under the specific conditions of the
Nam Mau and Nam Khe Tam mines but also hold stra-
tegic significance for Vietnam’s underground coal min-
ing industry, contributing to more efficient resource uti-
lization, reduced geological risks, and enhanced long-
term safety for mine workers.

Conclusion. This research applied an integrated ap-
proach combining theoretical analysis, 3D modeling,
and field validation to propose innovative mining solu-
tions for the bottom of coal accumulation zones in the
Quang Ninh coal basin. The methodology included
geological and hydrogeological surveys, simulation-
based stability assessment, and expert evaluation to op-
timize mine layout, drainage, and ventilation systems.

The dual-level access method developed for Nam
Mau Mine and the single-level system for Nam Khe
Tam Mine both demonstrated high technical reliability
and operational safety. The proposed schemes achieved
significant improvements in performance: water accu-

mulation decreased by up to 40 %, mine pressure re-
mained stable, the coal recovery factor reached
0.88—0.90, and drainage costs were reduced by 10—15 %.
These advances contribute to the safe exploitation of
previously unmined reserves at the bottom of the coal
accumulation zone, improving overall mining efficiency
and reducing geological risk.

In terms of application, the proposed solutions are
suitable for underground coal mines with similar geo-
logical structures across the Quang Ninh region, such as
Ha Lam, Vang Danh, and Khe Cham. Their implemen-
tation can enhance production stability, increase re-
source recovery, and ensure long-term operational safe-
ty. Looking ahead, future research should focus on inte-
grating hydro—geomechanical simulation, real-time
monitoring systems, and smart mine technologies in-
cluding Al-based prediction and IoT-driven ventilation
and drainage control to develop an intelligent, adaptive
management framework for deep underground coal
mining in Vietnam.
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Texuiyni piteHHs: 115 6e3MeYHOro
il edreKTUBHOrO BUIOOYBAHHS BYTiJLIS
y IMIMOOKO PO3TALIOBAHMX 30HAX HAKOMUYEHHS
y 6aceiini Kyanr-Hin (B’eTHam)
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KyaHrHiHCbkUi#l yHiBepcUTeT mnpomucioBocTi, M. KyaH-
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Meta. Po3poOka Ta ampooOaliisi TeXHIYHUX pillleHb
JIsT Oe3IeYHOro i e(eKTUBHOIO BMIIOOYTKY BYTIJLIS
B HIDKHIX YaCTHMHAX TJIMOOKUX 30H HAKOIMUYCHHS, 1110
XapaKTepU3YIOThCSI CKIATHUMM TEOJIOTIYHUMU U Til-
pOTreosOTIYHMMU YMOBaMU. Y XOJi TOCHIIKEHHS PO3-
[JISIAAI0THCS TaKi KJIIOYOBi MPOOJIeMU SIK BUCOKHUIA TUCK
MiA3eMHUX BOJ, PO3JOMHiI CTPYKTYypU Ta 3HUXKEHa
CTIKiCTh TipHUYMX MOPil, Ha MPUKIAAi MiI3eMHUX
mwaxt Ham May ta Ham Kxe Tawm, 1110 BUCTYynawmTh TH-
MOBUMM 00’ €KTaMU MOCTiIKEHHS.

Metoauka. MeTomoJIoriss JOCTiMKEeHHs TOEAHYBa~
JIa aHaJli3 TeO0JIOTiYHO-TiAPOTeOJIOTiUHUX TaHUX, CTBO-
PEHHS IPOCTOPOBOI 0a3M JaHUX, TPUBUMIpHE YMCETb-
He MOJIEII0BaHHSI, €eKCIEPTHY OLIIHKY i IJIOTHY Tiepe-
BipKy B MOJbOBUX yMoBaX. Ha OCHOBI CTpyKTypHHUX

i TiAPOreoJOriYHUX XapaKTepUCTUK Oyau po3poOseHi
Ta BIIPOBAKEHI IBi CUCTEMU PO3KPUTTS Ta ITiATOTOB-
KU: IBOPiBHEBA cCXeMa PO3KPUTTS I BEJIMKUX i TJIU-
0OKUX30HBYIJIeHakonuueHHs1 (luaxraHam May)itonTu -
Mi30BaHa OMHOPiBHEBA CXeMa PO3KPUTTS ST MEHIITUX
i momipHo HaxmieHuX TacTiB (1axra Ham Kxe Tam).

Pesyabratu. IlpakTuuHe BINpOBaIXEHHS MiATBEp-
IO TeXHIYHY e(heKTHUBHICTh 3aIPOITOHOBAHMX CHC-
TeM. Ha maxti Ham May nBopiBHeBa cxema 103BOJIIA
3MEHLINUTY HAKOIMMYEHHSI IPYHTOBUX Box Ha 35 %, min-
BUILUTU €(DEKTUBHICTb BeHTWIALIT B 1,45 pasza i1 mmo-
BHICTIO YCYHYTH BUTAIKH 3aTOIICHHS TIiJI YaC BUIIPO-
oyBanbHoro nepioay. Ha maxti Ham Kxe Tam ontumi-
30BaHa OJHOpPIBHEBa CHCTEMa O3BOJIMJIA CKOPOTUTHU
MPOCTOI, TTOB’s13aHi i3 3aToruieHHsaM, Ha 40 % i 36i1b-
LIUTHA BUOOOYTOK Ha 9 %.

HaykoBa HoBU3HA. Y HOCIiITKEHHi 3alTpOIIOHOBAHO
IudepeHiioBaHU MiIXin 10 MPOEKTYBAaHHS CUCTEM
MOCTYITY IO IIaXT, 10 IPYHTYETHCS HA MOPOTOTITHUX
i TiZPOTEOIOTIYHNX XapaKTepUCTUKaX 30H BYIJICHAKO-
nudeHHs1 Po3po6ieHi cxemu 3a0e31euyoTh alallTUBHY
OCHOBY UIST YIIPaBIIiHHS BUCOKHMM TiIpOCTAaTUYHUM
THCKOM Yy CKJIATHMX TEKTOHIYHMX yMOBaX IIIMOOKOTO
MiI3eMHOTO BUIOOYBaHHSI.

IIpakTuyHa 3HAYMMICTB. 3aNPOITOHOBAHI PIlIEHHS
MOXYTb OYTM 3aCTOCOBaHi Ha iHINUX MiA3eMHUX BY-
TiIBHUX 11aXTax i3 MOAIOHMMU re0J0TIYHUMU YMOBaAMU
B OaceitHi KyaHrHiHb, 1110 COIpUSTUME MiIBUILIEHHIO
0e31eKu, 301IbIIEHHIO BUTOOYTKY KOPUCHUX KOTAIUH
i MiIBUILIEHHIO e(beKTUBHOCTI eKCIUTyaTallii.

KmovoBi cnoBa: waxma Ham May, waxma Ham Kxe
Tam, 30Ha eyeneHakonu4eHHs, NPUOOHHA YACMUHA, Ni0-
3eMHUL 8U000YMOK 8Yeinns
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