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Annomauyus: TTpu mof3eMHO¥ pa3paboTKe YroabHbIX MECTOPOKIEHNH B mMpoBuHIMM KyaHr-
HMHb OCTaBJIEHVE YTOMbHBIX 1I€JIMKOB IIPUBOIUT K 3HAUUTETHbHBIM TTIOTEPSIM pecypcoB. [ToBTop-
Hast oTpabOTKa 3TUX 3aracoB MO3BOJIUT HE TOJIBKO YBEJIMUUTH KOIPPUIIMEHT U3BJIEUEHNST, HO
Y MIPOIJIUTh CPOK CJTYXKOBI 1IaxT. Llesibio JaHHOTO McCaenoBaHysI SIB/ISeTCS pa3paboTka TeXHO-
JIOTMYECKUX pellleHNit, 06eCeunBalolX BbICOKYIO TPOM3BOIUTEIBHOCTD IIPY MTOBTOPHOM OT-
pabOTKe OCTAaTOUYHbIX YTOJBHBIX IIEJIMKOB B BEIPAOOTAHHBIX ITpocTpaHcTBax. OCHOBHAs 3a/aua
3aKJTIOYAETCS B ONTUMM3AIMY Habopa TEXHNUECKIX TapaMeTPOB U Olpeie/ieHnM 6e301acHbIX,
TEXHUYECKY Peain3yeMbIX ITPOLIECCOB, KOTOPbIE MOTYT B laJIbHEMIIIEM IIPUMEHSITbCS B IIMPO-
KMX MaciiTabax ajis mosbiiieHus sddekTnBHOCTM yriaeqobbiun. Ha ocHOBe reosornyeckux
M3bICKaHWI, IPOBEIEHHBIX Ha ITaxTe Ham May, 651710 pe/IyioskeHO TeEXHOIOTMYECKOe PellieHNe,
BKJTIOYAIOIIIee CJIEAYIOLIME JTAIbl: re0JOrMYeckoe JOou3yUyeHre; MPOeKTUPOBaHMe TOATOTOBK-
TeJIbHBIX BbIPAOOTOK; BbleMKAa KOPOTKMMM 3a00SIMM WJIM CUCTEMaMM OOXOMHBIX BbIPAOOTOK;
yIIpaBJieHye COCTOsTHYEM MaccyBa 1 3¢ GbeKTMBHOe TpoBeTpuBaHue. B xome mccieqoBanmst 6buT
paspaboTaH 6e30macHbli ¥ 3POEKTUBHBI METON, U3BJIeUeHMs], afalTMPOBAHHbIA K HATYPHBIM
YCJIOBUSIM TIO pe3yJibTaTaM MCIbITaHuii. HoBast TexHOOrMYeckasi cxema IMpu3HaHa BbICOKO(}-
(hekTUBHOI: OHa Ob6ecIieunBaeT pocT Koadduimenrta nssnevenns yris Ha 10-15% u cumkenme
3aTpar Ha IpOBefieHNe BhIpaboTOK Ha 8-12% MO CpaBHEHUIO C TPAAUIIMOHHBIMU METOmAMIA.
JlaHHBII METON MOYKET HAWTH IIMPOKOe TPMMEHEeHe Ha TIOA3eMHBIX pyAHMKaX KyaHTrHUHS U
JIPYTUX MECTOPOXKIEHMSIX CO CXOKMMU TOPHO-TE€0JIOrMYECKUMU YCIIOBUSIMMA.
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Abstract: In underground coal mining operations in Quang Ninh, leaving the coal pillars as pro-
tection for the roadways and underground works has caused great losses. Re-mining of these
leftover coal reserves will not only maximize the recovery rate but also prolong the life span
of mines through improving the overall socio-economic efficiency of mining enterprises. The
purpose of this research is to provide a practical combination of technological and engineering
solutions that will ensure high productivity for residual coal pillar re-mining from exhausted
underground mining areas. The end purpose here is to determine an optimized technical param-
eter set guided by safe, feasible mining processes that can serve as a base for further large-scale
applications, plus improved efficiency in recovering more coal. A geological survey was car-
ried out at Nam Mau mine, based on which a technological solution was proposed, including
the following steps: geological investigation; design of access roadways; mining using short-
wall or surrounding roadway systems; strata control; and effective ventilation. Also, a secure
and handy extraction method fine-tuned by real-world tests was set up. The fresh tech route got
rated as very doable, bringing big money gains with a 10-15% boost in coal get back rate plus
an 8-12% drop in road making costs against old ways. This method can see broad use in under-
the-surface pits in Quang Ninh, along with other pits having similar geo-tech setups.

Key words: Coal pillar, Coal resource recovery/Recovery of remaining coal, Depleted Under-
ground Mining Areas, Nam Mau mine.
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Introduction

Underground coal mining in the Quang
Ninh area is an important sector to ensure
national energy security. When mining un-
derground coal, to protect tunnels and un-
derground structures, protective coal pil-
lars are often left on the roof, floor or walls
of the tunnel [1]. After decades, a large
amount of coal still remains in the form
of protective coal pillars supporting struc-
tures and tunnels in the mine. In Quang
Ninh, underground coal mining plays a
crucial role in ensuring national energy se-
curity. To protect tunnels and underground
structures, protective coal supports are of-
ten placed on the roof, floor, or walls of
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underground coal mines [2]. After a long
period of mining, a large amount of coal
remains in the form of protective coal
pillars, supporting structures and tunnels
within the mine. These tunnel support pil-
lars reveal a large volume of coal, often
left behind after mining operations are
completed to ensure safety underground
[3]. To maximize coal extraction rates and
extend the operating life of mines, as well
as increase production [4], revenue, and
socio-economic efficiency for mining en-
terprises, it is necessary to extract this re-
maining coal. However, conducting min-
ing operations in mines often faces many
challenges, so it is necessary to carefully



determine and control detailed technical
parameters such as safe design of mining
tunnel networks [5], specific roof support
options, optimized blasting models, and
especially the organization of production
cycles and allocation of labor force to ba-
lance productivity and safety. Therefore,
building standard technological processes
and optimizing technical parameters based
on experimental data is a strategic and
necessary requirement [6, 7].

The restoration of protective coal pillars
is always difficult in terms of safety and
engineering due to the complex conditions
of abandoned mining areas [8]. Old mine
tunnels are often deformed and damaged,
and roof and pillar rocks in these areas are
affected by accumulated secondary stress-
es, leading to a high risk of roof collapse
and tunnel deformation [9, 10]. In addition,
old mining areas may accumulate methane
gas (CHy), with old or clogged ventila-
tion systems, leading to a significantly in-
creased risk of fire and explosion [11 —13].
Furthermore, the possibility of water infil-
tration from flooded areas above remains a
hazard to safe restoration operations [14].

Research on coal mining in areas with
complex geological conditions, particular-
ly mining from guard piles, has long been a
concern in underground mining. Numerous
publications have investigated this issue
both theoretically and practically. While
[15] has conducted a practical survey of
retaining coal piles in deep mine tunnels,
[16] has demonstrated the sustainable re-
development of an old coal mine through
the mining of pile-blocked coal mines,
[17] has used the top coal collapse method
along the length simulating the mining of
remaining coal piles above during super-
close bottom slab mining, and [18] has
proposed a method to estimate the optimal
width of guard coal piles by considering
the main roof collapse mechanisms. Also
related to coal pillar mining, [19] the use of
cement-based filler material, [20] has op-

timized the top coal collapse rate in large-
slope residual coal seams. In addition, the
development of deformation pipeline sys-
tems for efficient pillar recovery [21], stud-
ies of fracturing processes and depressuri-
zation control in thick, rigid roofs [22] and
the deployment of depressurization tunnels
combined with combined support techno-
logy to minimize long-term failures in deep
mining areas [23] have also been addressed
in numerous studies on coal pillar mining.
Although these studies have focused on
specific geological or engineering condi-
tions, studies on pillar recovery in complex
hydrological environments remain limited.
Therefore, further research on safe and ef-
ficient recovery methods in water-bearing
areas is necessary.

In Vietnam, coal mining in complex
geological conditions in Quang Ninh has
achieved some significant progress. Regar-
ding coal pile protection, [24] a compre-
hensive evaluation of international me-
thods for calculating the size of coal piles
used in countries with advanced coal in-
dustries has been conducted, and propos-
als have been made to select methods suit-
able for the specific geological and mining
conditions of underground mines operated
by Vinacomin (TKV) in Vietnam. In addi-
tion, [25, 26] a study on the application of
artificial coal piles to protect tunnels dur-
ing mining at Khe Cham IIl mine has been
carried out. The results of the study have
demonstrated the feasibility and effective-
ness of using artificial piles in complex
mining conditions. However, most exist-
ing studies focus on the stability and de-
sign of the piles, with little mention of coal
recovery from remaining or abandoned pi-
les in areas with complex conditions such
as depressions or fault structures. This gap
highlights the need for integrated engi-
neering solutions to ensure safety, improve
resource recovery, and adapt to the chal-
lenging hydrogeological conditions of un-
derground coal mines in Vietnam.
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Research Area Than Thung area under the management
The study area is the central experi- of Nam Mau Coal Company. The terrain of
mental production field of Quang Ninh the research area is characterized by high
University of Industry, located within the hills and mountains, with a protected for-
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Fig. 1. Roadway network layout in the protective coal pillar recovery area, strike roadway levels +200/+215,
seam 6 (8)
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est in the western region. Mountain slopes
are generally steep and have an average el-
evation of approximately 450 meters. The
terrain gradually descends from North to
South. The surface is highly dissected by
many streams that cut across the coal-bear-
ing strata and flow primarily from North
to South, emptying into the larger Trung
Luong stream. The coal-bearing stratum
in the mine area combines Triassic-Late
Norian to Early Jurassic (T3n—1J1) coal-
bearing sediments, overlain by Quaternary
sediments on the surface.

This geological layer consists of dark-
colored rocks, mostly mudstone, sandsto-
ne, and some layers of claystone and coal
seams. The coal-bearing layer is divided in-
to three main units, with the most valuable
coal seams concentrated in the second unit.
Quaternary sediments form a discontinu-
ous cover over the bedrock units. This co-
ver material is a mixture of gravel, crushed
stone, sand, and quartz mixed with clay in
the valleys, with a thickness of 5 to 10 me-
ters. Structurally, from East to West, the
Nam Mau coal mine area exhibits a series of
folds (anticlines and synclines) as follows:

Anticline L1 is situated between sec-
tions T.I and T.IA, and is clearly observ-
able on maps and cross-sections. Its axis is
oriented Southeast-Northwest.

Syncline L2 is located to the west of
section T.IA and is clearly observed on
maps and cross-sections. Its axis is orient-
ed Southeast-Northwest.

Anticline L3 is not clearly visible on
maps. On cross-sections T.l1 and T.1IA, the
anticline axis dips toward the North.

Syncline L4 is located in the T.1I area,
clearly visible on maps and cross-sections.
Its axis is oriented Northwest-Southeast
and dips toward the Southeast.

Syncline H.6 in the Northwest T.V | area
has an axis oriented Northeast-Southwest.

Anticline B.7 has an axis that nearly co-
incides with the F50 fault, trending South-
west-Northeast.

In addition to the main anticlines and
synclines mentioned above, the mine area
also contains several smaller synclines that
locally alter the strike of the coal seams
but do not significantly affect the coal re-
serves.

The area designated for the recovery
of the protective coal pillar for the strike
roadway in Seam 6 (at level +200 to the
Outcrop) has a thickness ranging from
6.0 to 7.0 meters, with an average dip an-
gle of 25° to 27°. The coal seam contains
one to three rock partings (intercalations),
with parting thicknesses varying from
0.04 to 0.6 meters, averaging 0.25 meters.
Generally, these rock partings often ap-
pear close to the coal pillars.

The current layout of the mine net-
work in the application area includes: the
crosscut at level +200, the strike roadway
at level +200 located in Seam 6, the strike
roadway in Seam 5 at level +200, and the
ventilation raise from level +125 to +200
in Seam 5, all of which are illustrated in
Fig. 1.

Methodology

The technology process for the comp-
lete recovery of the protective coal pillar
includes key technological steps (driving
upper raises for pillar recovery, rock drill-
ing and blasting for pillar recovery, coal
extraction, haulage, and roof control) and
auxiliary technological steps (restoring the
strike roadway system, haulage technolo-
gy, ventilation technology, and dewatering
technology). This process is generally di-
vided into the following main stages:

Stage of Roadway Rehabilitation

and Support Installation

Technological Procedure

for Slashing and Support

The technological procedure for slash-
ing and roadway rehabilitation is strictly
implemented in sequence, beginning with
the consolidation and temporary packing
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of the roadway roof and ribs in the area
designated for slashing (within a 10-meter
range). This step involves inspecting and
replacing damaged gaskets/covers and
tightening the arches or steel components
for preliminary reinforcement. Then, wor-
kers use a digging tool to expand the tun-
nel roof to the design size, pushing the
console beam forward and installing new
roof gaskets. In this step, specialized con-
nectors are used to position and link the
new gaskets to the old ones (if the coal
face in front of the expansion area is unsta-
ble, temporary support with wood or filler
material is required for safety). Next, the
two tunnel sides are expanded, foundation
pits are dug, and new support columns are
erected. Connecting bars are installed be-
tween the support columns and gaskets;
the roof and sides are sealed with concrete
blocks. Finally, dismantle the old support
system in sequence: remove the washers
first, then the columns (using a winch to
pull the columns out), simultaneously exca-
vate the earth and rocks to lower the mine
floor, adjust and complete the new support
system and rails, and dig temporary drain-
age trenches to fully restore the cross-sec-
tion and technical condition of the mine
tunnel.

Technological process for tunneling

and supporting underground mine

roadways

The technological process of tunneling
and supporting mine roadways is carried
out in a strict sequence, consisting of two
main stages: establishing the roadway out-
line and executing the work within a driv-
ing cycle. roadway outline establishment
begins with determining the location, in-
stalling temporary props, and reinforcing
the old supports using timber frames or
steel rails. Subsequently, the face is exca-
vated either manually (with soft coal/rock)
or by drilling and blasting (with competent
coal/rock) to open the roadway and erect
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the new support set at the roadway margin.
The subsequent steps are carried out in the
roadway driving cycle:

e Check and Consolidate: Ventilation,
system checks, reinforcement of the old
supports, and scaling/removal of all loose
coal and crushed rock surrounding the face.

¢ Drilling and Blasting: Perform ex-
ploratory drilling, followed by drilling and
blasting according to the established pro-
cedure.

» Face Dressing: Ventilate for a mini-
mum of 30 minutes, check the quality of
the blasting, and partially remove coal/rock
to create working space.

e Support erection: Excavate column
foundation pits, erect support columns,
install roof washers, align and adjust the
support frame, drive wedges and wedge
the roof, wedge the sides (prioritize wed-
ges behind the columns before installing
washers, and wedge the roof first, then
wedge the sides), and finally install tem-
porary bracing. (Note: for raises/inclined
roadways, the support must be installed
with an inclination of 3-5°).

e Haulage/Mucking Out: Manual or
mechanical excavation, using conveyor
belts/scrapers to transport coal and rock
after blasting.

e Completion and cleaning: Perform
auxiliary tasks such as installing additional
supports for wooden supports, extending
ventilation ducts, installing rails/scraper
chutes/sliding chutes, constructing steps
and retaining walls for the upper mine;
then proceed with industrial cleaning and
shift handover.

The entire process must strictly adhere
to the Technical and Safety Regulations in
Underground Mining, which clearly stipu-
late that at the face, there must be workers
of level 4 or higher; loading and blasting
must only be carried out by specialized
blasters; and all activities must comply
with the approved bracing and blasting
permits.



Stage of protective coal pillar recovery

Installation of hydraulic supports

in the longwall face

The technological procedure for install-
ing mobile hydraulic supports in the long-
wall face for the recovery of the protective
coal pillar is carried out through a series
of steps to ensure safety and proper tech-
nique. First, the starting raise area must
be thoroughly prepared: firmly reinforced
and the roadway floor cleaned, while si-
multaneously installing the emulsion fluid
supply system (pumping station, pipelines,
valves, and charging guns). Next, the hyd-
raulic supports are disassembled into two
main parts (the roof beam and four hydrau-
lic legs) for transportation to the installa-
tion position in the mine tunnel using mine
carts, winches, or manual labor. After in-
specting and reinforcing the surrounding
tunnel section, workers use hoists and
crowbars to lift the roof beam into the cor-
rect position, placing it perpendicular to
the upper tunnel and temporarily secur-
ing it. A crucial step is to temporarily sup-
port and suspend the hoist-pulley system
to raise the roof beam to the installation
height, then lay steel mesh on top as a
bracing/holding layer for the roof. Finally,
a single hydraulic prop is used to press the
canopy tightly against the roof. The four
main hydraulic legs are then installed (lin-
ked by cable clamps, installing anti-slip
bases), the support is pre-loaded (chat tai)
to ensure an initial pressure greater than
7.0 MPa, and the newly erected supports
are linked to the old ones using steel wire
and bracing. This process is repeated for
subsequent supports and concludes with
the installation of connecting tie-rods be-
tween the supports along with the chute to
complete the preparation for extraction.

Executing the work

within a longwall extraction cycle

The longwall extraction cycle in the
face is carried out through a strict, multi-

step procedure, starting with drilling and
blasting the longwall face down the dip.
This is followed by explosive loading after
checking the Methane concentration (<1)
to ensure blasting safety. Concurrently,
working face reinforcement is performed
frequently, especially before and after
blasting, to check the hydraulic prop pres-
sure and adjust the support canopy/beam.
After blasting and ventilation, the work
proceeds to face dressing and temporary
support installation, which includes roof
scaling, connecting wire mesh as lagging/
blocking, and pumping emulsion fluid into
the temporary beam push mechanism for
face advance. Next is coal loading and
floor leveling from the working area onto
the chute, taking care to maintain a level
floor. After loading, miners proceed to ad-
vance the main hydraulic supports at the
working face (progress of 0.8) from bot-
tom to top, ensuring the initial support
pressure is greater than 7.0 MPa. Finally,
after every two extraction cycles (1.6 m),
the scraper conveyor bridge is cut at the
level gate road, followed by roof coal re-
covery, which includes drilling and blast-
ing the roof (in cases where the coal does
not collapse naturally) and creating coal
release ports to fully extract the roof coal.

Stage of disassembly and recovery

of hydraulic supports after extraction

The procedure for the disassembly and
recovery (withdrawal) of the mobile hyd-
raulic supports after the completion of ex-
traction is carried out systematically, pri-
oritizing the retrieval of supports from top
to bottom in the working face, followed
by the two supports located in the gate
road. The process begins by preparing the
face condition: tightly setting the canopy
close to the face, and retracting the face
advance beam, while simultaneously re-
moving the relocation valves. Next, sub-
stitute timber supports (supplementary
supports), consisting of a 2.3 m cap and
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two posts, are erected in the gap between
the hydraulic support units to secure the
roof. A special precaution is required: if
the mesh/netting above the canopy to be
recovered is no longer effective, chocks/
props must be installed to secure the roof
coal before the canopy is lowered.

This is followed by the step of deloa-
ding the support legs. First, two safety
ropes are attached to secure the support.
Then, the four legs are gradually deloaded
(prioritizing the two legs on the caving
side first, followed by the two legs on the
working face side) to the required distance
to attach the pulley-hoist system. Careful
observation is crucial at this point to pre-
vent the canopy from tilting completely
to one side, and the safety rope securing
the canopy must be tightly fastened. Next,
temporary props (2.5 meters long, suppor-
ted by a single hydraulic prop) are installed
along the dip, and the pulley-hoist system
is attached to pre-load and secure the ca-
nopy. Once firmly secured, the four sup-
port legs are retrieved by dumping the
load, removing the cable connectors at the
top of the legs, and removing the safety
ropes. Finally, the roof canopy is lowered
to the floor level using the pulley-hoist
system. During this lowering process, a sa-
fety observer must ensure safety while si-
multaneously rotating the canopy so that
the face advance beam end turns down-
wards along the dip of the roadway. Simu-
ltaneously, the installation of additional
support structures (consisting of a 2.5 m
long, 160 diameter wooden beam and
three support columns) is carried out along
the mine face, positioned close to the re-
placement wooden supports. Subsequent
supports are recovered using a similar pro-
cedure. Finally, the support structures are
moved out of the mining face area using a
winch or safety rope, then lowered down
the seam tunnel to the collection point.

During transportation, workers must
be positioned to use crowbars to control
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the direction of movement and ensure sa-
fety.

Stage of drilling and blasting

The drilling and blasting procedure
play a role as the core technical step in
the production cycle for breaking up the
coal mass of the protective pillar and sup-
porting strata control (especially roof cav-
ing) in areas where mining has been com-
pleted. The research focused on building
and optimizing the blasting parameters to
maximize extraction efficiency and en-
sure technical safety. The procedure aims
to break up the coal pillar at the working
face with the highest efficiency while con-
trolling strata pressure and actively induc-
ing roof caving to safely and completely
recover the roof coal. The procedure in-
cludes determining and practically testing
crucial parameters such as:

(1) Drill Hole Layout Scheme: Estab-
lishing a rational density and position of
drill holes (including the number, diame-
ter, and depth of the holes) on the face to
achieve the optimal breaking coefficient.

(2) Blasting Charge Parameters: De-
termining the necessary explosive char-
ge and appropriate detonation method to
ensure the coal is thoroughly broken up,
minimizing coal remnant, while limiting
negative impacts on the support structu-
re. The drilling and blasting process must
be strictly implemented based on an op-
timized blasting plan. Adjustments to the
drilling and blasting scheme must de-
monstrate effectiveness in improving the
stability of the mine face and slopes, and
increasing the coal recovery factor, the-
reby improving the overall productivity of
the guardrail mining face. The established
drilling and blasting process is a crucial
foundation for the successful implemen-
tation of the entire mining technology,
ensuring feasibility and safety under the
complex geological conditions of the min-
ing area.
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Results and discussion

The achieved results in this research
focus on finalizing the technological pro-
cedure, optimizing the technical param-
eters, and evaluating the socio-economic
effectiveness of recovering the protective
coal pillars in underground mines, specifi-
cally as follows:

Roadway restoration and driving

for preparatory recovery of reserves

within the protective pillar

To safely and economically proceed
with the pillar extraction and ensure con-
tinuous production, it is mandatory to re-
store the roadway network system in the
area, particularly the strike roadway at
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the level designated for recovery. This is
because this roadway system (especially
the main haulage strike roadway) has ex-
isted in the mined-out area for a relatively
long time without regular maintenance.
Consequently, the support structure has
deteriorated, and the roadway cross-sec-
tion has been narrowed. The current state
layout of the strike roadway before be-
ing slashed and rehabilitated is shown in
Fig. 2.

Based on the survey of the current
roadway status, the original design docu-
mentation for the +200 level haulage stri-
ke roadway, and the existing material and
equipment inventory at the experimental
production unit, the authors selected steel
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Fig. 3. Current state longitudinal cross-section of the strike roadway at level +200, seam 6, before slashing

and restoration (8)
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Fig. 4. Schematic diagram of the working principle of
the mobile hydraulic support in the longwall face (8)

Puc. 4. MNMpuHumnuanbHas cxema paboTbl NEPEABUKHOMN
ruapasnyeckou Kpenu trong o4McTHoM 3aboe (nase)

arch supports (SV2) to reinforce the strike
roadway during rehabilitation. The road-
way cross-sectional area (Ssd) after slash-
ing is 8.4 m?, with a support spacing of
0.7 meters per set (Fig. 3)

The preparatory roadways for the long-
wall face extracting the protective pillar
have the following technical parameters:

Ventilation rib road at level +212 is dri-
ven with a timber-supported trapezoidal
cross-section, a driving area of 6.4 m?, a us-
able area of 4.0 m?, and a support spacing
of 0.7 meters per set. Starting Raise at le-
vels +200 to +212 is driven with a timber-
supported trapezoidal cross-section, a driv-
ing area of 6.4 m?, a usable area of 4.0 m?,
and a support spacing of 0.7 meters per set.

Coal Extraction for Protective

Pillar Recovery

Based on the proposed extraction sche-
mes and considering the geological con-
ditions of the protective pillar reserves in
Seam 6 at level +200, the study selected
the following extraction solution: The re-
serves within the protective pillar at level
+200, Seam 6, in the Than Thung area will
be exploited using a longwall panel mining
system along the strike, a caving longwall
face with roof coal, full caving for strata
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control, support provided by mobile hyd-
raulic supports, and coal extraction per-
formed by drilling and blasting

Selection of the technology

for protective coal pillar

complete recovery

Based on the technical conditions of the
area designated for the trial application,
the authors selected the following support
technology for the extraction face using
the caving longwall with roof coal method:
the use of XDY-1T2/LY mobile hydraulic
supports and single hydraulic props as sup-
plementary supports for the haulage strike
roadway and the ventilation strike roadway.

Calculation and Preparation

of the Support Plan for the Protective

Pillar Longwall Face

To calculate the strata pressure and de-
termine the support density of the longwall
face, the working principle diagram of the
hydraulic support in the longwall face Fig. 4
is considered. The procedure for calculat-
ing and preparing the support plan for the
protective pillar longwall face focuses on
three main contents. Firstly, the calcula-
tion of the strata pressure g_acting on the
support is performed based on the working
principle diagram of the hydraulic support
and the geological parameters (such as the
unit weight of coal y, = 1.64 T/m®, the unit
weight of roof rock Y, = 2.66 T/m3, the thick-
ness of the recovered coal layer m, =4.3 m,
and the longwall face dip angle o = 26°).
The results indicate that the load acting on
the working face area is g_= 16.33 (T/m’),
which leads to the maximum load acting on
the support unit being:

_16.33%(2.86+08)" *1.0

max 2%2.86
+6.0=44.24(T)

Furthermore, the possibility of the sup-
port posts sinking into the roadway floor




is checked. With the floor bearing capaci-
ty o, =0.58* =203 (Kg/cm?) and con-
sidering the maximum load, the necessary
post base area is 54.5 cm?. Since the actual
post base area of the hydraulic support
(250— 300 cm?) is greater than the neces-
sary minimum, the supports are confirmed
not to be prone to sinking. Additionally,
the density of the hydraulic supports is
determined to be 0.38 supports/meter, and
based on calculations and practical expe-
rience, the spacing between supports is
chosen to be 1 meter. For a 16-meter-long
longwall face, the total amount of support
includes 16 sets of mobile hydraulic sup-
ports, 3 single props for support reloca-
tion, 14 steel/box beams, and 42 single
hydraulic props for the reinforcement of
the longwall face ends.

Calculation and preparation

of the blasting plan

The preparation of the Blasting Plan/
Passport is performed based on the careful
selection of drilling equipment, explosi-
ves, and detonation devices, followed by
detailed calculation of the drilling and bla-
sting parameters to ensure efficiency and
safety. The drilling equipment used is the
SPR-19M Drilling Machine (power 1.2 kW,
voltage 127 V, rotation speed 2750 rpm,
weight 15 kg), combined with a spiral au-
ger drill rod and specialized coal drill bits.
The explosive material is AH1 explosive,
manufactured by Quang Ninh Mining Che-
mical Company, with a detonation veloci-
ty of 3 kmy/s and high work capacity (250 —
260 cm?®). The detonation devices include
instantaneous detonators (intensity No. 8,
copper casing, minimum firing current
1.2 A) and the BMK-1/100 Exploder (hand-
cranked, capable of simultaneously firing a
maximum of 100 detonators).

a. Blasting plan for

standard face excavation

This plan is applied to the standard ho-
rizontal excavation of the longwall face,

serving as the calculation foundation for
the entire area. The technical parameters
are as follows:

e This plan/passport determines that
the advance per blasting cycle is r=0.8 m
(which corresponds to the drill hole depth
of 0.8 m in the floor row and 0.7 m in the
roof row).

e The technical calculations indicate
that the necessary specific explosive char-
ge is approximately 0.263 kg/m?®, which
results in a total explosive charge required
for one slashing cycle (longwall face length
16 m, cutting height 2.2 m being 7.5 kg.

* The drill hole layout is established
with 30 holes (2 rows: the roof row and
the floor row), with drill hole lengths of
0.8 m (floor row) and 0.7 m (roof row),
along with an inclination angle of 70°.

» The specific explosive charge is:
0.3 kg of explosive per hole (for the floor
row) and 0.2 kg of explosive per hole (for
the roof row), using one instantaneous det-
onator for each hole.

b. Drilling and blasting for

preparatory roadway driving (raise)

This blasting plan is established for
the driving of the recovery raises with a
cross-sectional area S = 6.4 m? (timber
supported), which is a mandatory prepara-
tory step for accessing the coal pillar
(Fig. 5). The equipment used is a hand-
held electric drill (or SPR-19M). The plan
is designed to ensure efficient roadway
driving progress:

e Advance per cycle (r): 1.4 m.

e Drill hole depth (Llk): Approximate-
ly 1.65 m (with a drilling utilization coef-
ficient of 0.85).

e Specific explosive charge (q):
0.647 kg/m°.

 Total explosive charge (Q): Approx-
imately 5.8 kg (for a 6.4 m? cross-section).

c. Drilling and blasting for roof/pillar

coal extraction (core of recovery)

This is the most crucial blasting plan/
passport, representing the technical solu-
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Fig. 5. Blasting plan/passport for driving the raise for protective pillar recovery (8)
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XPaHUTEZIbHOro Lennka

tion for breaking up thick roof/pillar coal
(thickness approximately 6.5 m) by blast-
ing in the calculated segment length (L =
= 3.5 m). The purpose of this stage is to
break up the coal mass over a single ex-
traction segment to ensure complete re-
covery and support strata control.

The specific parameters are:

e Length of Simultaneous Extraction
Segment (L): 3.5 m (determined using the
formula for the critical bending strength of
the roof rock).
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* Drill Hole Layout: Fan-shaped pat-
tern around the roadway with 16 blast ho-
les (comprising 02 rings, each ring having
08 holes).

» Explosive Charge Quantity: Total ex-
plosive required: 16 kg (1.0 kg /hole) and
detonators required: 16 units (1 detonator/
hole).

Detailed calculations of drilling and bla-
sting parameters for standard face-cutting
blasting passports are presented in Tab-
les 1 and 2. Specific technical parameters



Table 1
Blast Hole Log of Longwall face

XKypHan (napameTpbl) 6ypoB3pbiBHbIX paboT B 0MUCTHOM 3aboe (naBse)

No. Hole name| Length (m) |Inclination| Explosive | Number | Type of | Blasting | Detonator
total | cut angle charge of deto- |explosive | machine | type
(degree) |quantity (kg)| nators
1 |Floor Row| 1 0.8 70 0.3 1 BMK | Instanta-
AH1
2 |Roof Row| 1 0.7 70 0.2 1 17100 neous

Table 2

Table of drilling and blasting parameters
lMapamMeTpbl 6ypoB3pbIBHbIX paboT

No. Parameters Unit Quantity
1 | Total number of meters drilled per cycle m 30
2 | Total number of holes drilled per cycle hole 30
3 | Specific Explosive Charge kg/m? 0.263
4 | Total Explosive Charge for One Cycle kg 7.5
5 | Total Number of Detonators for One Cycle piece 30

for preparatory tunnel excavation and roof
coal mining are compiled and applied sep-
arately, illustrated in Fig. 6, demonstrating
the flexibility and optimality of the overall
coal pillar recovery technology process.

Roof rock conditions

The strata control procedure in the pro-
tective coal pillar recovery operation is di-
vided into two main stages to mitigate strata
pressure and ensure complete roof caving:

Fig. 6. Drilling pattern layout on the longwall face (8)

a. Initial Roof Caving

To bring the longwall face recovering
the protective pillar into regular extrac-
tion, it is essential to perform initial cav-
ing to alleviate strata pressure. Although
the immediate roof rock is assessed as
having medium stability, because the face
is located in a mined-out area with numer-
ous faults and fractures, the roof rock here
tends to be more prone to caving. For this
reason, the author team selected the solu-

Section A-A

Puc. 6. Cxema pacronoxeHus LLUMypoB B 04MCTHOM 3aboe (nase)
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tion of performing initial caving during the
rounds of driving the starting raise, where
the hydraulic supports are installed, using
a blasting plan/passport similar to that of
the lower-level longwall face. Once the
initial caving is completed, the roof rock
is ensured to collapse completely, creat-
ing conditions for the safe and stable regu-
lar extraction and support of the longwall
face.

b. Routine caving work

Routine Caving Work in the protec-
tive pillar longwall section is performed
similarly to that previously applied in the
lower-level longwall face. However, the
research team notes that when geological
conditions change, particularly when en-
countering harder roof rock, it may lead to
caving with a larger breakage span. In this
case, close monitoring of the longwall face
condition is necessary to promptly imple-
ment appropriate supplementary support
solutions when approaching the roof's
breaking step, thereby ensuring the safety
and stability of continuous production.

Production organization work

The production organization works in
the longwall section for the recovery of the
protective strike pillar at level +200 is im-
plemented according to the current regime
of the Vietnam National Coal — Mineral
Industries Group, which entails 3 shifts
per 24-hour day, with each shift lasting
8 hours. In the protective pillar longwall
section, two shifts are assigned to comp-
lete one extraction cycle. The main tasks
in one cycle include:

e Extraction of one longwall face cut
with an advance of 0.8 m.

e Relocation of all hydraulic supports
after each cutting and support cycle.

e Roof coal recovery with a caving
step of 0.8 m, timbering with square sets/
chocks to maintain the +200 level strike
roadway, and transferring the coal to the
chute.
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Auxiliary Work

Haulage work

The coal recovered from the protective
strike pillar in Seam 6, level +200, Than
Thung area, Nam Mau Coal Mine, can be
transported out of the mine mouth using
independent transport methods. Conside-
ring that the volume of coal to be trans-
ported during the pillar recovery process
is only about 54 tons/ shift, the transpor-
tation is carried out by manual mine cars.
Therefore, the designed haulage solution
for the protective pillar longwall section is
as follows:

The recovered coal from the protec-
tive pillar is transported by chute down
to the longwall face bottom and is then
manually loaded onto 3-ton mine cars at
the +200% level strike roadway. The mine
cars are subsequently towed by an electric
locomotive through the +200 level rock
crosscut to the +200 level surface area

Due to the relatively small volume of
materials required during production, equip-
ment and materials are loaded onto mine
cars or specialized skips/containers at the
surface area and then transported into the
+200 level, Seam 6 strike roadway. From
here, the equipment and materials are
towed by the electric locomotive through
the rock crosscut and the +200 level strike
roadway to supply the protective pillar
longwall face.

Ventilation and dewatering work

a. Ventilation work

Ventilation for the protective pillar re-
covery longwall section at level +200,
Seam 6, is carried out according to an in-
dependent ventilation scheme using local
auxiliary fans following the forcing venti-
lation method.

Fresh air is drawn from the surface
area, passes through the +200-1 crosscut,
enters the haulage strike roadway at level
+200, Seam 6, and is then channeled up
to ventilate the protective pillar longwall



section at levels +200 / +212. The exhaust
air from the longwall face then follows the
ventilation rib road at level +212, Seam 6,
passes through the +212 level strike road-
way to the Seam 6 ventilation raise be-
tween levels +200 and +252, and finally
exits to the outside.

b. Dewatering work

Since the protective coal pillar recove-
ry area is located above the natural drain-
age level of the area, the dewatering meth-
od used for this section is gravity drainage.

Water from the longwall face and the
mining area is collected in the drainage
ditch in the +200 level, Seam 6 strike
roadway. From here, the water flows via
the drainage ditch into the +200 Llevel,
Seam 6 crosscut, and is directed out to the
surface area, where it flows into the area's
surface drainage system.

Discussion

The development of the technological
procedure for the complete recovery of the
protective coal pillar represents an essen-
tial and effective technical solution aimed
at resolving the issue of significant re-
source loss (estimated at 15— 25% of reser-
ves) due to the necessity of leaving behind
protective coal pillars in mined-out under-
ground sections. The procedure success-
fully converted the abandoned coal pillar
into a source of an economically valuable
product. The feasibility of this procedure
is demonstrated through the detailed de-
sign of complex preparatory works, such
as the restoration of the strike roadways
using SV2 steel supports and the driving
of raises using timber supports, thereby
ensuring that the access roadway system
is safe and stable within a mining environ-
ment characterized by numerous faults and
fractures and complex strata pressure con-
ditions.

The established technological procedu-
re successfully determined a set of optimal
technical parameters, ensuring safety and

efficiency objectives under difficult mining
conditions (steep seam, faulted area, and
complex strata pressure). Crucially, the es-
tablishment of three separate blasting plans
for standard face extraction (r = 0.8 m),
preparatory roadway driving (r = 1.4 m),
and roof coal extraction (L = 3.5 m) serves
as the basis for accurately controlling the
blasting energy. Specifically, the roof coal
extraction segment L = 3.5 m was calcu-
lated based on the critical bending strength
of the roof rock to break up the thick roof
coal mass. Simultaneously, the initial and
routine caving solutions were incorporat-
ed into the procedure to ensure complete
roof caving, mitigating common incidents
(such as support instability/tilting and face
collapses) often encountered with other
roof coal recovery methods.

From a production organization pers-
pective, the proposed technological pro-
cess involves applying a longwall length
of 30-40 m and changing the method of
roof coal recovery by exploiting the entire
longwall section in segments, from bottom
to top. This method essentially solves the
problem of coal accumulation on the trans-
port tunnel along the seam, thereby con-
tributing to increased face advance speed
and labor productivity. These parameters
have been proven optimal through superi-
or economic and technical indicators such
as a 10-15% increase in coal recovery co-
efficient, while tunnel excavation costs per
meter are reduced by 8-12% compared to
the traditional seam mining process in the
same area.

Although the proposed technological
process is highly feasible, further monitor-
ing and refinement are needed during prac-
tical application. The proposed parame-
ters need to be evaluated for stability and
sustainability when deployed in areas with
varying geological conditions, such as
when encountering harder rock layers which
may cause collapse with greater failure
steps, thus requiring the addition of ap-
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propriate support solutions. The direction
for future research should focus on the me-
chanization or automation of certain op-
timized steps within the production cycle
(such as the roof coal haulage/transport)
to reduce labor intensity and further en-
hance overall efficiency, while simultane-
ously mitigating occupational safety risks.
Furthermore, the development of Al-based
longwall deformation prediction models,
utilizing parameters from this technologi-
cal process, is considered a promising re-
search direction for proactively improving
the accuracy of mine safety control.

Conclusion

The study established and optimized
a technological process for the complete
recovery of protective pillars in the mined
space, creating a technical basis for ad-
dressing the problem of coal resource loss.
A comprehensive approach, combining
theory, detailed engineering design, and
field testing, was applied to the research.
This combination ensured the feasibility
and accuracy of the proposed parameters.

CIIMCOK JINTEPATYPbI

Furthermore, the study successfully estab-
lished an optimal set of technical parame-
ters, including optimizing the length of the
longwall face (30—40 m), determining
a specialized blasting passport for min-
ing the coal seam roof (L = 3.5 m), and
organizing the production cycle to ensure
recovery of each section from bottom to
top. These results helped increase the coal
recovery factor by 10— 15% and improved
the technical safety of the longwall face.
To improve efficiency and safety, future
research directions should focus on eva-
luating the sustainability of parameters
under varying geological conditions (e.g.,
encountering harder rock walls) to deve-
lop additional support solutions.

Furthermore, research should be con-
ducted on mechanizing or automating pro-
duction steps (especially roof coal trans-
portation) to reduce labor intensity and
safety risks. In addition, plans should be
made to develop an Al-based model for
predicting longwall face deformation to
achieve more proactive and accurate mine
safety control.
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