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The aim of this research is to design underground workisgg)

a room and pillar mining method for the extraction of Ankpa co
deposit in Nigeria. Representative samples for eachlditio

unit were collected from the Ankpa coal mine formation and
laboratory testwas carried out to determine their geotezdini
properties. These tests were carried out in accordand&mRiM
suggested methods, and were used as input parameters to
describe each geomaterial in the RS3 finite element geotethnic
software. The Rocscience RS3 three-dimensional numerical
design tool was used to correctly model the coal formatiesign

the excavation and to analyze the stability of the excavakiva.
underground working was developed in four stages, and th# res
for maximum effective principal stress and total dispiaeet was
computed. The maximum effective principal stress value of
5295.71 kPa was attained. The stress was concentrated at the
middle of the developed mine panel, while the overall total
displacement is 0.019 m. The model shows a promising design
with good stability if it is lightly supported at the centértloe
stope.

© 2021 RJEE. All rights reserve(

1. INTRODUCTION

Large scale extraction of coal officially begarNigeria in 1916, at Ogbete mine in Enugu StategéNa
Coal Corporation, 1982). The success achievedledal exploration and production in other areathef
country including Ankpa in Kogi State, Owukpa infBe State and Lafia/ Obi in Nassarrawa State (Qaeso
et al., 2013). Coal exploitation and use was indeathjor driver of the nation’s economy at thattiGoal
production increased rapidly from its inceptionageak value of 920,000 tons per year in 1959.This
however did not last long as it suffered a majarlide from 1959 to 1966 with an annual productidn o
220,000 tons (Ogunsola, 1991). This was majoriyabse of the discovery of oil and gas in 1956. Rajlw
locomotives were replaced with oil driven engirthe,nation began to depend on hydro-power for byt
generation and the country major export speedifyeshconcentration to oil and gas (Odesola et2dl13;
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Baiyewu, 2015). During the civil war in 1967, theoguction of coal was terminated (Sambo, 2008).
Nevertheless, coal has certainly not lost its atee. Studies have been made into harnessingorgeder
generation, and it is still being used as a maj@rgy source for industrial operations (Elijah, 201 or
example, the cement industries in Nigeria still czal to power their plants for cement mixing. Tjostifies

the need to resuscitate the production of coaligef, bringing into full production the existirsgnall-
scale coal mine in Nigeria and reawakening the diyaed mines.

Ankpa coal mine which became operational in 201dnis of such coal mine still operating at a vergkbm
scale using the surface open cast method. The mima total reserve of 380 million metric tons {Baiu,
2015). Commercial coal mining resurfaced again igeNa at Ankpa when mining license was issued to
ETA Zuma Group by the Federal Government of NigéBiaiyewu, 2015). Zuma (2011) explained that the
geology of Ankpa coal mine is such that a largetipo of the coal reserve will remain inaccesstbi®ugh
open cast mines because of the high stripping aaibthat it is only through a combination of saefand
highwall mining that the coal reserve in the araa be completely extracted. This indicates thabaigh,

an open cast mining method is currently being @adtin Ankpa coal mine, an underground mining radth
will still have to be developed to assess the mpgotion of the coal deposit because of the higpghg
ratio that will render the technique uneconomicnaring progress deeper. This technique of mining
underground deposits is proposed by driving tunaetierneath the surface of the current open caw.mi
This is a viable method as it has been used in fiast under diverse geologic conditions to increhse
recovery of coal seam (Shimada et al., 2013; LOG42Mo et al., 2016). Tzalamarias et al. (201%pdo
that the success of this scheme is depended ostahity of the working conditions of the undergrl
mining district and the productivity planned todmhieved by the mining technique.

It is pertinent to design a suitable undergroundewivorkings that can recover a major portion ofdbal
seam, promoting the use of mechanized equipmewelsas maintaining a stable overall mine structure
during and after mining to avoid surface subsidef¢agner (1980) suggested that traditional room and
pillar mining technique can be adopted to mine caglosit ranging in depth from 50 to 150 m withoalc
seams thickness ranging from 1 to 4 m. This ie algpported by the fact that room and pillar mining
methods leave pillars in place to maintain overatie structural stability and disallow surface sdéesce
(Hartman, 1992). The aim of this research is tagmhesuitable underground room and pillar workindhet
Ankpa coal mine using RS3 finite element geotednsoftware, and to evaluate the stability of the
excavation from the values of the maximum stresktatal displacement.

2. MATERIALS AND METHODS
2.1. Description of the Study Area

The Ankpa coal mine is located in Kogi State, naghtral part of Nigeria, approximately 150 kiloerst
north of the city of Enugu and 80 kilometers wefshe city of Makurdi and is located by grid refece on
latitude 07°20°14°N and longitude 07°30°31°E. Eidushows the location of the study area. The sexain
thickness ranges from 2 to 3 m and averaging 2.5The main coal seam appears to be continuous from
Ogboyoga and is projected to extend throughouitiigpa area. The coal maintains a mineable thickness
over all of the property and good mining conditiémsmining along the outcrop. Ankpa coal mine doamit
lithology includes laterite, shale and coal seaiguife 2 shows the field view of the three differkthiology

of the deposit, laterite layer, shale layer and seam. The laterite soil layer forming the ovedmr at
Ankpa mine has a thickness of 20 m. The soil laydollowed by shale layer with a thickness of 40 m
Beneath the shale lies the coal seam of averagentgs of 2.5 m and is currently being exploiteitigis
surface mining method. The shale formation alsm$othe footwall of the coal deposit.
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Figure 1: Study area location on Kogi State map

Figure 2: A field view of the lithology of Ankpa open pitma

2.2. Properties of the Coal Formation

The modeling of the coal formation was necessitaiethe need to correctly estimate the geotechaicdl
geomechanical properties of the overlying materdald that of the coal in accordance to suggestigns
ISRM (2010). This was carried out on representadamples obtained from the field and these pragerti
values were subsequently used as inputs for thelngdof the coal formation, assuming an elasteta
deformation using the Mohr-Coulomb failure criterid’he properties determined were the bulk density,
uniaxial compressive strength, cohesion (C) ardidral angle (), the deformation parameters (elastic
modulus and Poisson ratio). Five (5) samples ol égtwlogical unit were collected at 5 meters aad

the tests were carried out on the representatingles of each lithological unit. The bulk densitasv
estimated using Equation 1 as suggested by ISRW0{20

— )
Where = Bulk density (g/cm3), M= Bulk mass of the samfggand V= Bulk volume of the sample (cm3)

The procedure stated by ISRM (2010) for the deteamtion of uniaxial compressive strength in the
laboratory was adopted using Equation 2.

S )
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Where UCS= Uniaxial compressive strength (Pa), RxiMum axial load at failure (N), A= Cross- sectbn
area (m?) and D= Average diameter of sample (m)

The Young's modulus and Poisson's ratio were ettonfiom the results of uniaxial compression tests
suggested by ISRM (2010). Load and axial and cifeuential strains or deformations was recorded at a
constant rate of axial deformation. The axial ai@hgtric strain were calculated as shown in Eqoat®
and 4.

- ®3)

Where Ea = Axial strain, | = original measured &bkdagth and | = change in measured axial length
(defined to be positive for a decrease in length)

— (4)

Where d= Diametric strain, d = original undeformed diaeneif the specimen andl = change in diameter
(defined to be negative for an increase in diameter

The stress values for each interval were plottednasg their corresponding axial and diametric BdD
give a curve showing the typical behavior of rocatenials from zero stress up to ultimate strengtie
Axial Young's modulus was determined from the agerslopes of the more-or-less straight-line portibn
the axial stress-axial strain curve. Poisson'sr&tj was calculated from Equation 5.
L #S %
&% (+ ,-/*01-2 &01*&&! &O1.-3 2415* ®)

The triaxial compression test was conducted acagrdi the methods prescribed by ISRM (2010).

The values of the internal friction angle(d), ahd apparent cohesion(C) were calculated using kusat
6and 7.

<l=

6 789:;

<>=

(6)
=1 "6

@# 6 ()

Where m and b are the slope and the intercepeddtthight line defining the strength envelope eetipely.

?

2.3. Numerical Modeling

The thickness of each lithologic unit as obtainexnf the face and the average physical and mechanica
properties obtained from the laboratory experimemés used as input parameters for the numerical
modeling of the coal formation. The RocScience (R&#tware was used for the numerical modeling and
analysis. The rock units were modeled as diffegenmaterials with their respective geotechnicgbprtes,
assuming elasto-plastic deformation using the MGbr#omb failure criterion. The underground working
was developed in four stages and the maximum éféegtrincipal stress and total displacement analysi
were computed for each stage. The coal formatiandiszretized and meshed accordingly using a 6-etbdd
triangle, uniform mesh type and an approximate remad mesh element of 1500 were selected for the
purpose of this study as shown in Figure 3. Thearigal model began from the topsoil layer to a Heyt
72.5 m, a lateral width of 240 m and a horizoniaéet of 120 m. This allowed the top layer of thedal

free to move in the X-Y direction while the lowearfs being fixed to the ground. The gravity loadivas
used to account for the increasing overburdenssseand hydrostatic initial stress state was as$éon¢he
numerical model.

The numerical model was developed in four stagespdure the changes in the stress regime andlbvera
displacement as more excavations were made. Ttesfage accounts for the pre-mining condition thied
in-situ stress state. The second stages congfst development of the two main entry tunnels aciascut

to link the tunnels. The third stage sees the cetigpl of the developed room and pillar mine of fingt
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panel while the fourth stage completes the roonaeations of the two mine panels. Figures 4 andovsh
the complete view of the second and third stagdewfigure 6 shows the 3D view of the complete mine
model.

Figure 3: Coal formation model showing the different litlgidounits, discretization and meshing

Figure 4: Numerical model at the second stage of the Figure 5: 3D view of the complete mine model
developed min

Figure 6:Numerical model at the third stage of the developed |
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3. RESULTS AND DISCUSSION

The average results of the estimated geomechamiopérties for each lithologic unit as obtainedirthe
laboratory is presented in Table 1. The lateripsédl has an average density of 1.94 g/cm?3 indigadi high
compaction and consolidation ability as pointedbjarinwa et al. (2017). The table shows that isge&nd
shale layer have moderate to low density which p@séw overburden pressure on the coal seam and
enhances stability (Okeke and Okogbue, 2011).TtxdeSayer has an average density of 2.16 g/cm¥aand
UCS value of 3.2 MPa which is in close range withresponding values obtained by Okeke and Okogbue
(2011) and Anikoh and Olaleye (2013).The coal faromalithology has low UCS values, and falls in the
lowest category of the Uniaxial Compressive Strerodgissification by Bell (1992). The lithology hoves

has moderate shear strength parameters; the sismbedohesion of 208 kPa and an internal frictiangle

of 31.6°, which makes it a fairly competent hangivegl of the coal measure, and promises stabilitlyis
adequately supported. The shear strength paranwdtére shale are within the same range of the obof
similar underground workings by Sahagdral. (2012) and Tzalamarias al. (2019). The coal has cohesion
and frictional angle value of 231.7kPa and 27.&fiais well considered in the design of the piti@ometry

to ensure sufficient stability.

Table 1: Geomechanical properties of the overlying nadgeaind that of the coal

Lithology/properties Laterite Shale Coal
Density (g/cm? 1.9¢ 2.1¢ 1.07
UCS (Mpa) 0.24 3.2 1.24
Young's modulus (GPa) 0.11 1.2 0.52
Poisson's ratio 0.32 0.3 0.27
Cohesion (KPa) 50.2 208 231.7
Frictional angle (°) 32.7 31.6 27.6

The maximum effective principal stresses contoatsplor the four stages are shown in Figure 7 guié
11. It was observed that thesitu stress increased gradually with depth from 48R&to a maximum value
of 1437.09 kPa at stage I. Stage Il records a maxirstress value of 3011.40 kPa principally conedett
at the middle of the excavated entry tunnel. Thiecjpal stress contour at stage Ill shows a steepease
and is mainly concentrated at the mid-section efdiveloped mine panel reaching a value of 523&%6
The principal stresses of the excavated mine gédthis shown in Figure 10. The maximum principtiess
value of 5295.71kPa was attained at stage IV, curated at the middle of the developed mine panel a
is clearly shown in the expanded view of the exteatress contour in Figure 11.
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Figure 7: The maximum effective principal stress for the agtesurface at stage |




232
V.A. Akinbinu and T.O. Ogunsunlade / Nigerian Research Joofriahgineering and Environmental Sciences
6(1) 2021 pp. 226-235

Legena @ -

Solids >
1 sigma 1 Effective »

minfall: 4194 kPa
min (stage) : 47.46 kPa

o000
2500

&s0.00

975.00

130000

162500

195000

227500

260000

292500

325000

max (stage) : 301140 kP
max(al): 529571 kPa

Figure 8: The maximum effective principal stress for tktermal surface at stage Il
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Figure 9: The maximum effective principal stress far é€xternal surface at stage Il
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Figure 10: The maximum effective principal stresstfer excavated mine panel at
stage Ill
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Figure 11: The maximum effective principal stresstfer excavated mine panel at
stage IV

The total displacement at stage | was approximailg, as there was no excavation made yet ana:menc
distortion in the uniform stress field of the numal model. The maximum displacement of the nunaéric
model at stage Il was 0.0079 m and it occurs atbagnid line of the entry tunnel. The excavationtoar

at stage lll shows a maximum total displacemer@.019 m and this occurs at the center of the exedva
mine panel while the non-excavated mine panel hsbamum displacement of 0.013 m occurring along
the mid-section of the main entry tunnel. Ultimatéhe highest total displacement of 0.019 m washed

at stage 1V, occurring at the center of each exeglveine panel, while the displacement along theyen
tunnel at this stage is 0.016 m. The total disptaa® of the excavated mine panel is shown in Figjaé
and 13 respectively.
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Figure 12: The total displacement contour of the excawatkone at stage IlI
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Figure 13: The total displacement contour of the excawaikane at stage 1V

4. CONCLUSION

The underground room and pillar coal mine panel agexjuately designed after establishing the litplo
of the coal formation and the determination of #fverage thickness of each geologic layer from dipe t
surface to the layer directly beneath the coal s§dm geomechanical properties of the differehblivgic
unit were determined in the laboratory, the valfeshich were used as inputs in the numerical motied
coal mine panel, the pillar, the entry tunnel ahd éxcavated rooms were designed in their resgectiv
geometry sizes and shapes. The implementation eofddveloped mine model is very feasible as the
maximum values of the contour plots poses no midjm@at to the stability of the mine structure. The
development of additional coal mine panels in tienr and pillar mine will result in a very gentleadient

in the maximum values of the field condition. Theancritical section of the numerical model ocatrthe
centre of the developed mine panel. It will requirguitable support system to ensure stability.
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