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ABSTRACT

Due to the occurrence of slope failure at Pit A, on both side-wall and low-wall geotechnical study had been con-
ducted to evaluate the slope stability whether the mining can be continued through the end of mine life or not.
Slope stability modeling using Limit Equilibrium method shows that coal mining is feasible to reach the depth of
+ 50m as stated in a previous plan. The previous design for sidewall has the overall slope of 400. This is not a
stable condition with Safety Factor (SF) =1.050. As a result, evaluation of slope design must be conducted. The
simulation shows that the slope must be changed to 300 in terms of reaching stable condition with SF=1.539.
Previous design of the low wall that has the overall slope of 300 is stable with the SF=1.359 however, as the
area is near settlements and Mahakam River, the pit slope must be reduced to 250 with SF=1,523. Slope stabil-
ity simulation at the high-wall shows that the previous design with the overall slope 450 is stable for SF=2.418.
It is not necessary to change previous design. However, to guaranty safety condition along mining area, it is
recommended to make safety-berm to prevent the rocks enter the area.
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SARI

Sehubungan dengan kelongsoran yang terjadi di sisi selatan side-wall Pit A dan juga kelongsoran di sisi barat
low-wall, telah dilakukan penyelidikan geoteknik untuk menilai apakah penambangan masih memungkinkan
untuk dilanjutkan sampai tahap akhir. Simulasi kemantapan lereng menggunakan metode Kesetimbangan
Batas menunjukkan bahwa penambangan masih dapat dilakukan sampai kedalaman + 50m. Untuk sisi sela-
tan side-wall, disimpulkan bahwa disain awal yang semula 400 tidak stabil dengan FK=1,050, sehingga perlu
dilakukan modifikasi dengan melandaikan lereng menjadi 300 yang stabil dengan FK=1,539. Untuk sisi barat
low-wall, disimpulkan bahwa disain awal yang semula 300 stabil dengan FK=1,359, namun karena lereng di
sisi ini mempunyai risiko yang cukup tinggi karena dekat dengan rumah penduduk dan sungai Mahakam, maka
direkomendasikan lereng dilandaikan menjadi 250 dengan FK=1,523. Untuk high-wall sisi timur, disimpulkan
bahwa disain awal yang semula 450 stabil dengan FK=2,418, sehingga tidak perlu dilakukan modifikasi lereng.
Namun untuk pertimbangan keamanan sebaiknya dibuat safety-berm untuk menahan jatuhan (rockfall) mate-
rial batupasir.

Kata kunci: penambangan batubara, kemantapan lereng
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INTRODUCTION

Slope is defined as a surface of which one end or
side is at a higher level than another (Sunggono,
1984). The slope includes confined and uncon-
fined ones. The former relates to soil condition
at a certain depth that lies on the bed rocks and
retains similar dip with the bed rocks while the
later refers to a soil pile that rests on the oblique,
original soil (Christady, 2010). Force changing
on the slope occurs when mining activity starts
operating. This will result in a landslide.

The landslide related to mining activity also took
place at southern and western parts of sidewall
Pit A. Pit A is one of coal mining areas at Kutai
Kartanegara coal mines (Figure 1). As a result
the overall pit slope in such a mine needs to be
re-evaluated. Field observation shows that the
landslide results from water concentration behind
the slope crest. Such a concentration causes the
weakness of soil material - the slope component.
The substance changes into mud material and
goes down to the pit. As a result, mining activity
within that area is temporarily closed down until
a recommendation that based on study result is
provided. The landslide at western part of the
sidewall is similar to that of the southern one. Such
a landslide occurs due to the water seepage from
Mahakam River.

METHODOLOGY

Method used in this research includes:
- collecting secondary data from related techni-
cal reports;

(@)

Figure 1. Landslide occurred at southern part of side wall Pit A (a) and the western part (b)
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- field observations regarding geotechnical
aspects of slope surface for each outcrop;

- conducting 3-point geotechnical drilling,
namely GT-01, GT- 02 and GT-03 to get core
logs description including geotechnical sam-
pling;

- testing geotechnical samples including com-
pressive strength (oc ), tensile strength (u ,
E), direct shear strength ( cr, ®r ) etc.;

- processing geotechnical data including
physics-mechanics properties of the rocks as
well as characterizing the rock mass as slope
component. The data will be used for model
simulation and slope stability analysis;

- modeling and analyzing slope stability using
limit equilibrium method (Anonym, 2006) for
three representative cross sections. SF>1.25
is the indicator for evaluating the slope stabil-
ity and several simulations regarding slope
stability and model are conducted to get the
results close to the real condition in the field

RESULTS AND DISCUSSION

In a surface mine, mining slope design is one of
the important factors for the persistence of mine
activity. Geotechnical analysis and slope stability
are two factors used for designing mining slope.
Theoretically, slope stability is the potential of
soil covered slopes to withstand and undergo
movement. Pangular (1985) stated that stability
is determined by the balance of shear stress and
shear strength through calculation of the slope
safety factor. Several data are required for that
purpose. Those are properties of soil physics, soil
mechanics as well as slope geometry. Figure 2

(b)
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where
W Sin a = shear stress
Sr = (W Cos a) Tan a = shear strength.

Figure 2. Scheme for safety factor calculation

shows a chart calculation for slope stability cal-
culation using safety factor (SF)

Soil mechanics theory states that shear failure of
soil or soft rocks occurs due to the relative mo-
tion of soil particles. Its shear strength depends
primarily on interactions between particles and
occurs when the stresses between the particles
are such that they slide or roll past each other. Soll
derives its shear strength from two sources:

- cohesion between particles (stress indepen-
dent component): cementation between sand
grains and electrostatic attraction between
clay particles

- frictional resistance between particles (stress
dependent component)

Cohesion (c) is a measure of the forces that ce-
ment particles of soils while frictional resistance is
measured by internal friction angle (¢). Formula
for calculating shear strength is as follows:

t=c+(0—-u)tan

where
t = shear strength, ¢ = cohesion, 0 = normal
stress, u = pore water pressure, 6 = angle of
friction

Slope stability is affected by the following fac-
tors: strength of soil and rock, type of soil and
stratification, discontinuities and planes of weak-
ness, groundwater table and seepage through
the slope, external loading and geometry of the
slope. Following are different causes of slope
failure: erosion, rainfall, earthquakes, geological
factors, external loading, construction activities

such as excavation of slopes and filling of slopes,
rapid drawdown or a lowering of water level, in-
crement of pore water pressure and the change
in topography (Hirnawan, 1994; Terzaghi, 1996).
Groundwater within slope rock mass affects slope
stability directly and indirectly. Direct effect relates
to lessening the shear strength due to the effective
normal stress decreases as a result of pore water
pressure or crack water pressure. Slope burden
also diminishes the shear strength. Increasing wet
rock mass density on the slope results in escalat-
ing the slope burden. Accordingly, the slope starts
gliding. Indirect effect of groundwater is reduction
of rock strength. This phenomenon normally oc-
curs at open pit mining including coal mine that
keeps the water in it.

Stability modeling for slope in this study employs

analysis approaches. The approaches include:

- dynamic load. Normally the used load refers
to seismic vibration. Yet, due to Kalimantan is
not earthquake area, this approached is not
applied in this study;

- material characteristics. The data are derived
from laboratory testing and adjusted to meet
the study requirement;

- ground water table; The model employs
ground water table as representation of water
effect on the slope. The existence of water
within the rock mass increases specific grav-
ity of the rocks and results in improving the
slope burden. Brunsden dan Ibsen (1997)
states that the increase of moisture content
weakens both physical and mechanical
properties of the rocks as well as decreases
the safety factor (SF). Pore pressure due to
the existence of water within the rock mass
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will reduce rock mass strength. The water
table may vary due to seasonal changes in
precipitation, evapo-transpiration, topography
and structural geology. Hoek and Bray (1981)
describes ground water table for various slope
conditions as depicted in Figure 3. Each slope
retains different water table. At study area, the
table for high wall area refers to the 16-day
water level measurement at Hole GT-02. The

average water table in this area is 11 m below
surface topography. The fact that low wall
area is close to Mahakam River (only 188 m)
results in modeling the water table is based
on saturation condition. Model of ground wa-
ter table for southern part of sidewall utilizes
Hoek and Bray chart number 3, 4 and 5 as the
water will be controlled in terms of preventing
the slope from multiple landslide;

Groundwater flow conditions Chart number
1
Fully drained slope
2
Surface water 8 x slope height
behind toe of slope
3
Surface water 4 x slope height
behind toe of slope
4
Surface water 2 x slope height
behind toe of slope
A-4 A4 A-4 A4 \-4 \-4 A
5
Saturated slope subjected to
heavy surface recharge

Figure 3. Ground water table conditions (Hoek and Bray, 1981)
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stability criteria. Referring to Bowles study
as stated in Table 1, the used SF for stability
criteria is >1.25. The SF will be monitored on
two types of slope namely the overall slope
and slope that characterized from mud materi-
als;

Table 1. Relationship between slope safety factor

and landslide intensity (Bowles, 1989)

Safety Factor Landslide Intensity

for Slope
<1.07 Frequently (unstable slope)
1.07-1.25 Once (critical slope)
>1.25 Rarely (stable slope)

location. Each of slope segments is represent-
ed by one model section close to geotechnical
bore hole. Section X-A corresponds to the
southern part of sidewall while section X-B
epitomizes the high wall. The southern part of
low wall is embodied by section X-C. Figure
4 through 7 illustrate position and lithology of
each section. Actually, each part of sidewall
at the southern part shows varied geological

Table 2. Parameters for modeling section X-A

condition to be used as a model. The fact
that mud material serves as stability control
results in applying section X-A as the model.
The thickness mud material and lowest mine
floor elevation are two reasons using section
A as the model;

- modeling concept. The modeling includes
three sages, namely back analyzing on the
sliding slope, analyzing the planned slope and
revising the plan. If the slope is stable, mining
operation can be persisted. On the contrary,
it requires re-design if the analyzed slope is
labile.

Geotechnical parameters including physical and
mechanical characters of the rocks for modeling
the slope are based on laboratory tests. Table 2
through 4 are the parameters employed for each
section model that include y = unit weight, 6 =
angle of friction, dan C= cohesion.

Modeling and back analyses are aimed to deter-
mine and verify the representative geotechnical
parameters of the slope in an open pit mining area
by exploiting a landslide occurrence as a case
study at such an area. When the slope starts glid-
ing, the SF is principally equal to 1.0. Reconstruct-
ing the after-gliding slope is based on the data

Material Yn (kN/m3) Ys (kN/m3) E(Mpa) Y ot (Mpa) c (kPa) 0 (....0)
Mud 20.10 24.26 433 0.42 0.05 84 13
Claystone-1 20.04 21.03 542 0.35 0.06 140 20
Seam-A 13.00 13.20 450 0.30 0.04 105 16
Claystone-2 20.09 22.14 612 0.34 0.11 175 22
Seam-B 13.00 13.20 450 0.30 0.04 105 16
Claystone-3 20.09 22.14 612 0.34 0.11 175 22

Table 3. Parameters for modeling section X-B
Material Yn (kN/m3)  Ys (kN/m3) E(Mpa) v ot (Mpa) c (kPa) 0(....0)
Dump material 16.47 17.73 300 0.42 0.05 84 13
Sandstone 22.59 23.54 1057 0.30 0.11 273 33
Claystone-1 20.06 21.19 904 0.35 0.08 200 25
Seam-A 13.00 13.20 750 0.30 0.05 150 20
Claystone-2 20.09 2214 1020 0.34 0.14 250 28
Seam-B 13.00 13.20 750 0.30 0.05 150 20
Claystone-3 20.09 22.14 1020 0.34 0.14 250 28
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Figure 4. Geotechnical profile of study area
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Table 4. Parameters for modeling section X-C

Material Yn (KN/m3)  Ys (kN/m3) E(Mpa) v ot (Mpa) c (kPa) 06 (....0)
Mud 20.10 24.26 433 0.42 0.05 84 13
Claystone-1 20.04 21.03 542 0.35 0.06 140 20
Seam-A 13.00 13.20 450 0.30 0.04 105 16
Claystone-2 20.03 20.93 612 0.34 0.11 175 22
Seam-b 13.00 13.20 450 0.30 0.04 105 16
Claystone-3 20.03 20.93 612 0.34 0.11 175 22
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Figure 5. Geological section of line X-A
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Figure 6. Geological section of line X-B
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Figure 7. Geological section of line X-C

prior to sliding. The model is then simulated by
inputting representative geotechnical parameters
from laboratory tests. Simulation is conducted
several times by varying the parameters until the
derived SF is closed to or equal 1.0.

The landslide at Pit A of Kutai Kertanegara coal
mining occurred when mining activity reached
depth of 20 m. The designed slope for such the
pit was 40°. Landslide material was dominated by
mud. Referring to such information, back analysis
is conducted to mud material on the site perform-
ing saturated ground water table. Laboratory test
shows that the mud has cohesion (c) of 84 kPa
and slope angle (0) of 13°. Figure 8 illustrates mud
material with SF of 0.996 and designed slope with
SF of 1.050; when finished, next simulation uses
the SF >1.25 for every designed slope.

Simulation which is based on back analysis
shows that the designed slope at south sidewall
is unstable. The SF is 1.050. Therefore, it requires
advance simulation to seek the stable designed
slope by modeling various designed slope at
various ground water table. The overall slope is
modeled using angle of 40, 35, 30 and 25° and
the ground water table condition refers to stability
chart number 3, 4 and 5 by Hoek and Bray (1981).
The chart provides information as follows:

chart number 3 means that the rice field and
part of waste dump should be in dry condition.
No inundated water occurs as the infiltrated
water will fill rock cavity and weaken such a
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material. Yet the trench is needed to catch

surface runoff;

area;

addition and slope material weakness.

Execution the models using computer program
provides a series of slope stability as shown in
Table 5 and the models as illustrated in Figure 9.

Table 5 affirms that:

water table;

for slope stability;

factor, it can be considered that:

+ no ideal slope for g.w.t. no. 5;
¢

chart number 4 refers to dry condition for
the rice field and wet state for waste dump

chart 5 suggests inundated water for both
rice field and waste dump area. This condi-
tion results in water infiltration, slope burden

it is clear that that for similar ground water
table, the more slightly the slope the more in-
creasing the SF. However, such an anomalous
occurs for g.w.t. no. 3 when the SF decreases
from 1.912 to 1.613 and the slope turns into
more slightly. Slope stability is controlled by
the slip plane that is developed by ground

g.w.t. no. 4 performs slope angle of 30 and
200. At this condition the water table is as high
as slope surface even sometimes it is higher
than the surface. Referring to such condition,
the g.w.t. no. 4 is not convincing to be modeled

it needs to design slope using SF>1.25 for
either overall or mud slopes. Using such a

slope for g.w.t. no. 4 can be applied if us-
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Figure 8. Back analysis and stability of designed slope

Tabel 5. Slope stability for section X-A

SF for various ground water

Angel (....0) g.w.t. no. 5

g.w.t. no. 5

g.w.t.no.5

Overall slope  Mud slope

Overall slope

Mud slope Overall slope Mud slope

40
35
30
25

1.050
1.112
1.216
1.441

0.996
1.141
1.247
1.250

1.236
1.271

1.392 1.446
1.592 1.473
- 1.539
- 1.567

1.392
1.703
1.912
1.613

ing slope angle of 35°. The overall slope
retains SF=1.271;

+ all alternatives slope design can be ap-
plied for g.w.t. no.3. However, to avoid
lost of control due to water condition or
landslide as a result of extreme rain, it is
recommended to use slope angle of 30°.

Similar to Section X-A, pit-plan for Section X-B is
also simulated. Section X-B represents eastern
part of high wall. Program execution by computer
results a model as stated in Figure 10. Simulation

of Section X-B shows that slope design with SF
=2.418 is stable. Such a condition is higher than
that of determined criterion. This means that the
mining company can still operate through Seam B.
The fact that within such an area is characterized
by hard sandstone is an advantage as the slope
can sufficiently be supported by such a mate-
rial. Though slope design is modeled for stable
condition; the company is suggested to build a
safety-berm for minimizing rate of rockfall hence
miner safety is guaranteed. Based on calculation,
the recommended high wall is 45°.
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(a) a =350
ground water table type 5

(b) a =400
ground water table type 4

(c) a =350
ground water table type 5

Figure 9. Model for Section X-A

Figure 10. Designed high wall stability for Section X-B

The company designs the west side of low wall
using slope angle of 30°. The design slope is then
modeled to Section X-C and the result shows that
the slope is stable performing SF of 1.359 (Figure
11a). However, the fact that its position is close
to Mahakam River and settlements needs to re-
evaluate such the angle to avoid the risk of land
slide occurrence. It is recommended to minimizing
slope angle to 25° as shown in Figure 11b.
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Local landslide within this area take place as a
result of the emergence of water from Mahakam
River to the surface. The water then erodes slope
materials to perform big cavity and causes col-
lapse. Landslide prevention can be conducted
by drilling water seepage and installing the PVC
pipe to channel the water. Prior to installing the
PVC, the pipe needs to be punched at several
spots hence it serves as a filter. Palm fiber is then
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(a)
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Figure 11. Designed low-wall stability for Section X-C using dip slope of 30° (a) and recommended low-wall to

avoid landslide using dip slope of 25° (b)

inserted to the pipe to prevent slope materials
carried by current water. In terms of preventing
lost material due to water current, such a handling
needs to be conducted immediately.

CONCLUSIONS

Section X-A that represents the southern part
of sidewall retains slope of 400 and SF =1.050.
Such a figure refers to unstable slope and needs
to be revised by flatting the slope to 300 and SF
to 1.539. However, systematic water control in
rice cultivation and waste dump is required to get
the area dry.

A former design for the eastern part of high wall
(section X-B) which performs slope of 450 slope
and SF=2.418 is considered stable. No need to
modify the slope, nevertheless, a safety berm is
needed to support the rockfall.

A slope design for the western part of low wall
(section X-C) using slope of 300 and SF =1.359
is relative stable. Yet, the slope has a high risk
as itis near settlements and Mahakam River. Itis
recommended to flat it to 250 with SF=1.523.
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