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MULATA HAFTU, BHEEMALINGESWARA KONKA, KIFLE WOLDEARGAY AND ASMELASH ABAY ’
Department of Earth Science, College of atural and Computational Sciences, P.0.Box.3066, Mekelle Univérs
ty, Mekelle, Ethiopia

UNDERGROUND MINE DESIGN ANALYSIS AND RES EARCH OF THE SLOPE STABILITY ASSES S-
MENT ON ACHIBO -SOMBO COALMINE

Abstract. We report the slope stability assessment and ungigng mine design analysis results for the first of
its kind conventional Achib&ombo underground coal mine from Ethiopia. Based on the RQD, RMR and Q dassific
tion system, the rocks in the mine are of poor to fair rock quality anclassified into ceegory | (<10 MPa), category
Il (10-25 MPa), and category Il (>25 MPalpint space and aperture are ranging from few mm to cm with ENW-
SSE and NS orientations and low to very low persistence from 50cm to Zha. factor of safety calculated using
CMRI, SalamorMunro, Greenwald, Obert anduizall, and Bieniawsk methods for the existing pillars for category | is
1.37, 4.39, 2.21, 3.58, 4.76; category |l 2.25, 4.39, 7.76, 12.52, 16.72; and category Il 3.21, 4.39, 13.72, 22.26, 29.58
respectively. Thedctor of safety calculated again for the newly proposed design using the same methods is 1.05, 3.83,
1.91, 2.99, 3.8 for category I; 1.65, 3.17, 5.48, 8.55, 10.02 for category Il and 2.20, 2.63, 7.91, 8.26, 14.25 for category
Il respectively. The extraain percetage has increased from 24.2 % (for the existing) to 31%, 41% and 52% for |, II
and Il categories respectively.

1. Introduction

Ethiopia is gifted with many mineral resources. One such resource is coal. Exploration activities for coal ideposits
Ethiopia have started around 1940s. Occurrence of the 4m thick coal at Yayu basin (part of the research)}euas repor
by EMDE [1]. Review on coal reserve estimation of Yayu area was carried out by many workers [2]. In the Yayu area
about 250 x 1Dtonsof coal is estimated as A and B reserve categories in 4diea [2]. About 178,576,000 tons is
estimated as intrinsic economic resource for Wattete Mine field and coal rank determined to be ligniditaraiib

nous and medium to high volatile coal [Zhough, coal mining in Achib&ombo (study area) is carried out by unde
ground mining method using conventional approach, the safety of the mine and mine design, studies on s&uctural, g
otechnical and pillar design analysis are not yet done and remaiegal §he study includes, evalion of pillar in

terms size, pillar shape, strength and getoyn correlation of geological structures and investigate their effect on the
mine, rock mass characterization and classify the rastkisly geotechnical propes of rocksdetermine the safety
factorsand calculate the extraction ratio

The study area is located in south western Ethiapibounded by geographic coordinates % ® 6 0 826t6d) 68 N a n d
35%56000B00D6O6E6 (Figure 1).

The AchiloSombo mine i®n underground conventional coal mine first of its kind in Ethiopia. It has three main para

lel openings. At present only two are in operation, the third one is used for drainage purpose.

Published literature is very scanty for the AcKdombo undergrund coal mine, except the unpublished reports and
maps related to geologgeotechnic and mining prepared by various exploration companies and Geological Survey of
Ethiopia.

2. Geology of the Study Area

The area consists of Neoproterozoic basementsratkhe base and overlain by Tertiary volcanics andtmealing
sedimentary rocks (Figure 2). The volcanic rocks are divided into two, lower and upper volcanics based on-age, strat
graphic setup and geochemical variations [1]. Upper volcanics includmitiphbasalt, porphyritic basaltesicular

basalt, tuffs and amygdaloidal basalt. Sedimentary rocks occur between upper and lower volcanic and comsists of ca
bonaceous shale, oil shale, sandstone, mudstone, claystone and coal.
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Fig. 1. Location map othe study area with reference to (A) coal map of Ethiopia (B) Regional geological map of

southwestern Ethiopia (C) study area.
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Fig. 2.(A) Geological map (B) cross section profile along the linB Af the study area.

3. Methodology

A field work was panned in February 2016 and a geological and structural map for the study area was prepared (Figure
2). All the geological units were properly studied and recorded. The borehole logs [1] were also studied to understand
the sibsurface and the core rock sdegpwere collected for geotechnical analysis. The mine site was visited at different
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openings and studied the pillaiRock types, number of seams, inclination of seams, pillar geometry and structures
(faults, folds, structural contacts and fractures) vatoelied.Geological data related to coal seams location, depth of
seams, seam thickness etc was collected. Mine data related to floor, roof, pillar positions, pillar dimensionsexnd geom
tries etc were collecte®tructural measurements were carried out wtorded them in detail. 50 rock samples from
surface, core (representing all lithologies) and in the mine from pillar, roof and floor were collected to studs-their g
otechnical properties. Out of these, 10 samples (4 from roof and 3 from floor and Bifeomediate) were selected for
compressive strength tests and conducted in Mekelle University, Ethiopia.
Rock mass was classified and characterized based on Rock Quality Designation (RQD), Rock Mass Rating (RMR) and
the Rock Mass Quality System {&sem). This is to evaluate strength of the pillars, roofs and floors as well as the
support systemBased on different methods CMRI [3palamorMunro [4], Greenwald [5],ObertDuvall [6], and
Bieniawski [7], factor of safety, pillar load and extraction petege were calculated and evaluated to rstaed the
stability of the mine. Different software packages like Rockwork, Surpack Minex 6.5, Global Mapperl12, Surferl0,
ARC GIS10 and Mapinfo 8.5 were employed for data processing.

A) we @ i  Nu3 B) ) N=20 C) ‘ N=3
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Fig. 3. Rose diagram shng (a) mining direction, (b) general joints and fractures orientation, (c) fault orientation, (d)
lineament orientation (E) bed orientation, (F) quartz veins orientation

S.No | Sample Area Area (nf) | Weight | Load load/area | Compessive

Code (cnd) (kg) (KN) (KN/m?) strength(MPa) Ta-
1 FBH-51 | 13*7(91) 0.0091 | 0.731 | 155.12 | 17046.15 | 17.046 ble
2 FBH-3-1 | 7.3*7(51.1) | 0.00511 | 0.416 | 111.7 21859.09 | 21.86 1.
3 RBH-7-4 | 11*5.3(58.3) | 0.00583 | 0.411 | 45.01 711835 |7.12 Com
4 RBH-8-3 | 11*5.3(58.3) | 0.00583 | 0.633 | 20.4 3499.14 |35 psri“;‘é
5 AMFVE2 | 15*12(180) | 0.018 0.818 | 117 6500 6.5 stren
6 AMFMT1 | 10%6.3(63) | 0.0063 | 0.493 | 196 311111 | 31.11 gth
7 AMFWD1 | 10*4.5(45) | 0.0045 | 0.96 16952 |59893.3 | 37.67111 of
8 AMRVE1l | 11*11(121) | 0.012 0.833 | 48.54 4045 4.045 r;z;:
9 AMRMT1 | 10*7.5(75) | 0.0075 | 0.847 | 39.23 5230.67 | 5.23067 sam-
10 AMRWD1 | 14*6(84) 0.0084 | 0563 |57.17 6805.05 | 6.80505 ple.

| Category | | Category |l | Category Ill |
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Average Compressive strength 5.53 19.45 34.39
Table 2. Average compressive strength value for thaiegories.

Pillar width Pillar length Pillar height Average difference between pillars

12.13m 12.9m 1.99m 1.8 m
Table 3.Average pillar dimensions in the underground coal mine.

4. Geological Structures

Different geological structures observed in thadg area. The structures studied were normal faults (trerielnig
WSW, EW, and NS), strike slip faults, columnar joints, folds, weak planes and quartz viéiesstratural data is
presented in figure 3.

5. Pillar design analysis

This study proposenew mine design for the three categories, namely category | (9m), category Il (6m) aody ¢Hteg

(4m) (Figures 4, 5 and 6). The factor of safety was calculated for the new design using diffeneasttzes like CMRI

[3], SalamorAMunro [4], Greenwald5], Obert and Duvall [6] and Bieniawsk [7] and the results are shown in table 4B.

As per the new design, the extraction percentage increases from the average value of 24.2% for the existing mine to
31% for category |, 41% category Il and 52% categoryTltle safety factor analysis thus clearly indicates that the u
derground mine is safe even if the pillar width is reduced as mentioned in figures 4, 5 and 6.

Table 4. a) Factor of safety for the existing pillar width of 12.13m and b) Factor of saf¢iye foew design (pillar
width of 9m, 6m and 4m).

] ’ 3
COAL SEA M

e
Conl sedim

Mining Direction
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Fig. 5. New mine design with width of 6 m, category II.

M{nin? Direction

Conl seam

Mining Direction

Fig. 6. New mine design with width of 4 m, category Il

A) | Method Factor of afety
Category

| Il 11
1 CMRI 1.37 2.25 3.21
2 SalamorMunro Formula 4.39 4.39 4.39
3 Greenwald 2.21 7.76 13.72
4 Obert and Duvall 3.58 12.52 22.26
5 Bieniawski 4.76 16.72 29.58
B) Method | Il 1|
1 CMRI 1.05 1.65 2.20
2 SalamorMunro Fomula 3.83 3.17 2.63
3 Greenwald 1.91 5.48 7.91
4 Obert and Duvall 2.99 8.55 8.26
5 Bieniawski 3.8 10.2 14.25

6. Conclusion

The geological structures in the mine site are classified into two, (1) those tangential with the mining direction; and (2)
pempendicular with the underground coal mine. Weak zones are causing many problems inS&chbm coal mine.
These include: (1) physical displacement of coal seams, (2) reducing the stability of roof and floor in underground
workings; (3) opening of pathwayor the influx of water into underground workings.
Based on rock mass RQD, RMR and Q classification, the underground coal mine rocks are characterizediadd class
under poor rock quality.

The factor of safety calculated for the existing pillar is 1839, 2.21,3.58 and 4.76 for category |, 2.25, 4.39,
7.76, 12.52 and 16.72 for category Il and 3.21, 4.39, 13.72, 22.26 and 29.58 for category Il by ChRinSainro,
Greenwald, Obert and Duvall and Bieniawsk respectively.
The factor of safety of theew proposed pillar design is 1.05, 3.83, 1.91, 2.99 and 3.8 for category |, 1.65, 3.17, 5.48,
8.55 and 10.02 for category Il and 2.20, 2.63, 7.91, 8.26 and 14.25 for category Il by the above same method.

From this investigation the extraction perceetaguld increase from 24.2% to 31%, 41% and 52 for the three
categories respectively. This means 6.8 to 27.8% valuable coal material which could have been left as pillar could be
mined. Therefore, it is recommended to use the new mine design.
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