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A NEW MINING METHOD FOR REOPENING THE OPENCAST MINE
OF KEF ESSENNOUN

Purpose. To treat the stability problem of the phosphate Kef Essennoun quarry in the mining field of Jebel Onk located in the
Northeastern part of Algeria.

Methodology. To achieve these objectives, we started by monitoring the unstable area, using two monitoring systems: control
stations and inclinometer. We then carried out a digital assessment of the Northwestern edge stability of the quarry under the cur-
rent operating conditions of exploitation. After that, we proposed a new operating plan for the reopening of the depot under the
required security conditions. At the end, we carried out an assessment of the edge stability, as the work to reopen and develop the
Kef Essennoun quarry progressed.

Findings. The results show that, under the current operating conditions of exploitation, the Northwestern edge of the Kef Es-
sennoun quarry is unstable (FS < 1). The backfilling of the pilot pit of the mine, lead to the assurance of the mine walls stability,
by increasing the values of safety factors with a rate of more than 30 %.

Originality. The backfilling of the pilot pit of the mine and the resumption of top-down mining exploitation will ensure the
stability of the quarry during and after the operating exploitation mining.

Practical value. The study of the stability of the embankments bleachers, the edges of the quarries and the facings of the slag
heaps during the open pit mining of useful ores deposits is an essential step that must be done gradually according to the develop-

ment of mining works to guarantee the safety of personnel, materials, reserves and the environment.
Keywords: Tebessa, Algeria, safety factor, embankments stability, mine reopening

Introduction. The stability of quarries slopes and open-pit
mines remains one of the crucial and fundamental questions
for the useful mineral deposits exploitation [1]. It has a direct
influence on work security in the mine, on the techniques and
technologies used and on the operating exploitation condi-
tions of these deposits [2].

Given its importance, several authors have treated this
topic during their research [3—5] to optimize the parameters
influencing the edge stability of opencast mining.

The determination of the optimal slope angle, ensuring the
stability of the mining pit is a crucial step during the exploita-
tion of the deposits because this angle has a double influence:
1) safety: an edge angle being too high can become a bank de-
formation factor, resulting slippage on the mine edges and
causing unpleasant damage; 2) economical: in very deep
mines, a change in the slope angle by a few degrees leads to a
change in the stripping volumes, amounting to millions of cu-
bic meters, which influences the project’s profitability [2, 6].

The Kef Essennoun phosphate open pit mine has been a
subject of a major landslide in 2007, which lead to the buried
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reserves and therefore the closure of the main pit [7, 8]. Aftera
brief observation and in order to ensure the continuity of pro-
duction, the company SOMIPHOS ordered the resumption of
the exploitation operations by reopening the quarry at another
location. However, the problem stability has not been solved in
a lasting reliable manner.

In the present study, we have dealt at the same time with a
security, technical, technological and environmental problem
concerning the assessment of edge stability and the reopening
of the Kef Essennoun phosphate quarry in the Djebel Onk
mine, with the aim to provide objective, solid and sustainable
solutions for the maximum extraction of the reserves of the
deposit under the best conditions.

Presentation of the study area. Geographical location. The
Kef Essennoun phosphate deposit belongs to the Djebel Onk
mining field in Northeastern part of Algeria. It is located ap-
proximately 10 km southwest of the town of Bir El Ater, 100 km
south of the town of Tebessa and 20 km from the Algerian-
Tunisian border (Fig. 1) [8].

Geomorphological context. The structure of the Jebel
Onk region is an anticlinal stretching for about 20 km along
an axis 70° E and a width of about 3 km [9]. This asymmet-
ric anticline was described as a post-Pliocene anticlinal
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Fig. 1. Geographical and geological situation of the study area

flexure. Morphologically, we can subdivide this area into
two parts:

1. The Southern part: where the mining operation takes
place, this area is characterized by a simple structure and is in
the form of monocline table with a regular dip from 5 to 10°
toward the South.

2. The Northern part: where the Kef Essennoun crest line
islocated (900 a 1000 m), is made up by massive Maastrichtian
limestone and characterized by a more or less rugged mor-
phology.

Geological setting. The stratigraphy series of the Jebel Onk
region, in which the Kef Essennoun phosphate deposit be-
longs, is constituted by a stratification of layers that pass from
Maastrichtian at the base to the Miocene at the top, sur-
mounted by Quaternary deposits made up of scree and sandy
alluvial formations (Fig. 1). The phosphate mineralization of
the deposit is of an upper Thanetian age, represented by a lay-
er that can rich more than 30 m thick [10].

Tectonic and structural aspect. The study area is located on
the southern side of the Djebel Onk anticline. This zone is
crossed by a three major NW-SE trending faults without dis-
torting the geometry of the geological layers. On the other
hand, in the Kef Essenoun area, extended northward (70° E),
the flexible and fracturing tectonics has resulted in the abrupt
change of the layers dipping with a nearly sub-vertical dip,
steeply inclined to the southeast. Regarding the current tec-
tonic activity, the deposit geological structure has not under-
gone any tectonic activity [11].

Socio-economic significance. Phosphate is one of the great-
est Algerian mineral wealth with total geological resources es-
timated at 2 million tons. It is a fundamental pillar of the min-
ing sector and of the national economy. The annual produc-
tion of the phosphate ore exceeded two (2) million tones, in
terms of exports in 2021, the majority of which came from the
Kef Essennoun deposit.

As a result and with the objective of developing the extrac-
tion of this ore, Algeria launched in 2022 a mega project with
an investment of approximately seven (07) billion USD. This
project will induce a significant socio-economic growth in the
eastern part of the country.

Methods. Appearance of recent cracks. After the gigantic
slide of the Northern edge of the quarry in 2007, the fronts of
the bleachers were reoriented towards the South, West and
Northwest of the deposit. This solution, which seems suitable
for the continued extraction of the ore, was hampered by the
appearance, in 2013, of new cracks at the top of the Northwest
edge of the new exploitation pit. These cracks are located at
the phosphate/marl interface (Fig. 2).

'Monitoring device. With the objective of monitoring the move-
ment of the unstable rock mass, in amplitude and direction and to
identify the location of the sliding surface two (02) monitoring
systems have been set up: control stations and inclinometer.

Control stations. This device, installed along cracking
line, is used to monitor the cracks progress in terms of spac-

Fig. 2. Location of new cracks on the NW edge of the Kef Es-
sennoun quarry

ing. These are steel stakes concreted in two points located
on either side of a crack in which, periodic and continuous
linear measurements are made of the distance between the
two stakes; this method is widely used because of their low
cost and ease of implementation. The measurements taken
at these stations, between April 2013 and October 2016,
showed that:

- the cracks diverge with a maximum speed of 14 cm/yr,
recorded at the station number three (ST-3). Therefore, this
area is unstable (Fig. 3);

- the progression of the cracking line follows the advance-
ment of the mining front of the phosphate stands on the west
side of the mine (Fig. 2).

Inclinometers. In order to quantify the deformation rate
and identify the exact location of the sliding surface, four (04)
core drill holes equipped with inclinometers (Ic-1, Ic-2, Ic-3,
Ic-4) were carried out between February and June 2014. These
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Fig. 3. Control stations from N°0I to 05 with the registration
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Table 1
Location and depth of inclinometers

Inclinometer X Y V4 Depth(m)
Inc-1 82,620.52 | 69,430.15 723.22 75
Inc-2 82,627.62 | 69,400.20 | 705.66 55
Inc-3 82,279.63 | 69,336.42 | 716.65 80
Inc-4 82,418.96 | 69,404.24 | 719.10 77

Table 2
Registered displacements at inclinometers
L Cumulative
‘ Cumulative displacement displacement Depth
Inclinometer to the South
East-West (m)
(mm)
(mm)

Inc-1 53.83 43.85 55.5
Inc-2 10.10 4.03 33
Inc-3 6.64 0 72.5
Inc-4 16.47 (Sheared) 0 62

inclinometers were installed at the lower bench of the quarry
(Table 1, Fig. 5). The main results are presented in Table 2.

These measurements showed that:

1. All the inclinometers have detected deformations of dif-
ferent degrees that are located in the marly layers.

2. The most important deformation is of 53.38 mm to-
wards the South, recorded at a depth of 55.5 m in the incli-
nometer.

3. The likely movement is oriented to the feet of the stands
(to the steepest slope).

Principal factors affecting the slope stability. There are a
number of factors that can contribute to slope instability and
landslides during the open-pit mining. Identifying these fac-
tors is one of the main goals of the open pit slope stability
study, which helps us to propose appropriate solutions. For the
case of Kef Essennoun quarry, the causes influencing the sta-
bility of the slope can be divided into two groups: technical
and natural.

Natural factors. These include factors linked to the natural
properties of the deposits, such as:

- the stratiform structure of the deposit contributes to the
edges instability and the initiation of the landslide;

- the geological structure, illustrated in Fig. 2, shows a lay-
ers dipping with an almost sub-vertical dip, resulting from the
tectonic activity of the Pliocene. This structure allows the rock
mass, released in the downstream part by the excavation, to
detach from the mountain and trigger its downward slide fol-
lowing an inclined plane [12];

- the Djebel Onk region belongs to the eastern end of the
Saharan Atlas, at the border of the south Atlas flexure, which
corresponds to a confrontation zone between the atlas domain
and the Saharan platform. This heterogeneous tectonic situa-
tion has strongly contributed to generating an intense massive
fracturing, perfectly visible on the site. This fracturing confers
poor geo-mechanical properties to the rock mass.

Technical factors. These factors are linked to the mining
method, we find:

- the location for the mine opening has not been chosen
correctly, at the foot of the mountain, without taking into con-
sideration the stratified structure of the rocky mass and the
direction of the mining operations, which progress to the in-
verse direction of the layers dipping. However, according to art
and standards of the open-pit mining, the best mining method
of this type of deposit (hillside stratified deposit) is to begin
excavation from top to bottom, following the dip direction of
the geological layers;

- failure to respect of the technological parameters of an
open pit mining (reduced safety berms and very straightened
front with a slope angles of 75 to 85° and 30 m in height);

- the effects of vibration generated by blasting activities,
which contribute to the progressive structural weakening of
the rocky mass.

Stability assessment of the Northwestern edge of the Kef
Essennoun quarry. For confirming the results obtained by
the monitoring device, we carried out a digital assessment
of the Northwestern edge stability of the Kef Essennoun
quarry by using the Geo-Studio 7.10 software (Slope/W,
2007) [13]. This software calculates the edge safety factor by
taking into account the integration of the geometric aspect
(height and inclination of the embankment) and also the
geo-mechanical aspect (cohesion and internal friction an-
gle).

Characteristics of the unstable area. Fig. 4 shows a survey
plan of the Kef Essennoun phosphate mine, updated in
January 2016. The unstable zone is located in the North-
western part of the new exploitation pit and extends over a
surface area of more than 20 hectares with a total volume
exceeding 10 million cubic meters, which risks being in mo-
tion.

This area is bounded at the bottom by the operating
benches (free surface), at the top by the cracking line and to
the left and right by a few thalwegs. Therefore, the only prob-
able direction of the slide is from the Northwest to the South-
East (towards the feet of the benches).

Choice of the cross-section. The choice of such a profile
for the slope stability study is justified by the characteristics of
the study area, the instability indices observed in the field (ob-
servation of certain signs of sliding at the crest) and that it be
representative for the different specificities, especially mor-
phology and lithostratigraphy.

For the case of Kef Essennoun quarry, the selection of the
profile location adopted for the modeling of the unstable area
was made taking into account the location and direction of the
cracking line, the probable direction of the slip (from
the Northwest to the southeast) (Figs. 2, 4).

For this purpose, we have used the survey plan of the
mine, updated in January 2016, on which, we have drawn a
Northwest-southeast section.

The overall model adopted to calculate the safety factor
with Geo-Studio software is an edge more than 150 m high
with a spacing of 380 m, and a slope varying between 20 to 22°,
consisting of five benches: two benches in the phosphate layer
(H ~ 15 m and o = 75 to 85 °) and three benches in the waste
rock (H ~ 10 m and o = 70 to 80 °). This heterogeneous edge is

Fig. 4. Characteristics of the supposedly unstable area
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made up of four main layers: Limestone, Phosphate, Marl and
limestone as the substratum (Fig. 5).

Results and discussion. Numerical calculation of the security
Jactor. The calculation of the security factor (FS) of the North-
western edge of the Kef Essennoun quarry was carried out on
the basis of the geometrical model defined previously (Fig. 5).
The main conditions of the calculation are the geomechanical
parameters of the rocks (Table 3) and the anthropogenic seis-
micity due to blasting operations, represented by two horizon-
tal and vertical components, (k4 = 0.05 and kv = 0.0125). To
this end, two approaches were considered, without and with
the blasting effects. The obtained results are illustrated in Ta-
ble 4 and Fig. 6.

According to the results obtained by the numerical model-
ing (Table 4 and Fig. 6), one notes that:

Table 3
Geomechanical properties of rocks
Property Layer v (kN/m?) C (MPa) ¢ ()
Altered limestone 22 8.24 39
Phosphate 23 7.35 39
Marl 20 1 15
Limestone substratum 26 5.6 33
Sand 18 1 27
Table 4
Simulation results
Security factor FS
Method Approach-1: without Approach-2:
blasting effects with the blasting effects
Ordinary 1.475 0.895
Bishop 1.919 1.081
Janbu 1.575 0.894
Morgenstern-Price 1.704 0.931
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of safety for both approaches:

a — without the blasting effects; b — with the blasting effects

Approach-I. All security factors calculated by the differ-
ent methods are greater than the minimum tolerated thresh-
old for the slope stability (£S5 > 1), with a minimum safety
factor of 1.312, obtained by the Janbu method. Thus, the edge
is stable.

Approach-2: All safety factors are critical (FS < 1), with a
minimum safety factor of 0.806, also obtained by the Janbu
method. Thus, the edge is unstable.

The sliding surfaces given by these two approaches have a
non-circular (polygonal) shape and are located in the marly
layer, with a slight difference in the volume of the unstable
rock mass (Fig. 6) between the two approaches.

Reopening plan of the Kef Essennoun quarry. The results
obtained previously showed that, under the current operating
conditions of exploitation, the Northwestern edge of the Kef
Essennoun quarry is unstable (FS < 1) (Table 4). This critical
situation requires the proposal of a new exploitation plan for
the reopening of the deposit under the required security con-
ditions.

Current situation of the quarry. The Kef Essennoun de-
posit is the only one which in exploitation among the five
existing in the Jebel Onk mining field (Kef Essennoun, Dje-
mi-Djema, Djebel Onk North, Bled Hadba and Oued Beti-
ta). The quarry is made up by several benches in the shape of
a pit, with an overall surface area of over 35 hectares and a
mean depth of 70 meters. In the Northeastern part of the
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Fig. 7. Current situation of the phosphate quarry (a) and condition of the quarry after backfilling and reopening of the initial platform (b)
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pit, we have the gigantic landslide produced in 2007, esti-
mated at 7.7 million cubic meters, blocked by a wall of phos-
phate rock (security barrier). In the Northwestern side, we
find the unstable zone and to the south the waste rock dump
(Fig. 7, a).

Reopening of the deposit. The reopening of the Kef Essennoun
quarry will need to go through the following four main steps:

- backfilling of the pit;

- creation of an access track at the upper level;

- opening of a new platform;

- development of the mining operation exploitation from
the top to bottom.

Backfilling of the pit. In order to stabilize the walls of the
mine, we found it very useful to backfill the main mining pit.
The economic and technical feasibility of this operation re-
quires us to study carefully the surface and height to be back-
filled, the type and volume of the backfill and the distance
between the backfill and the pit. For this purpose, we recom-
mend:

1. Partial backfilling of the pit which affects only the first
two benches with a height of 30 m and a volume of 4.6 million
m? (Table 5).

2. The use, as backfill, of the waste rock stored to the south
of the quarry (dump), consisting mainly of limestones, dolo-
mites and marly limestone.

Access track and working platform. After the backfilling
work of the main exploitation pit, we will reopen the deposit
by creating another access track to the upper levels and re-
opening a new working platform in the outcrop of the phos-
phates layer (Fig. 7, b).

Development of the mining operation. The development of
the mining operation in the Kef Essennoun quarry goes
through two principal steps:

- the reopening of an initial platform and the elimination
of the overlying waste rock (hill), in order to reduce the load
above the unstable zone (Figs. 8, 9; Phase 3);

- the continuation of the mining exploitation from the top
to the bottom, level by level, in the dip direction of the phos-
phate layer, with bleachers not exceeding 12 m in height and an
inclination Bg of 70°. Regarding the security and cleaning
berms (bs, bn) we take a minimum width of 8§ m, these param-
eters give us a maximum ultimate edge which does not exceed
35° (Fig. 8, Phase 4, 5).

Stability assessment of the final edge considered. In order to
prevent all critical situations of the stability of the mine walls,
we carried out an assessment of the edge stability, as the work
to reopen and develop the Kef Essennoun quarry progressed,
the results of which are shown in Table 6 and Fig. 9.

From the results of Table 6 and Fig. 9, we notice:

- the remarkable influence of the backfill operation on the
stability of the Northwestern side of the Kef Essennoun quar-
ry, where the safety factors were increased at a rate of over
30 % after backfilling;

- after the backfilling of the pit, all the safety factors calcu-
lated by the different methods are much greater than 1 (FS> 1),
which means that the edge is stabilized.

- for the different development phases of the deposit
(Phases 3, 4 and 5) (Table 6), all the safety factors are greater

Table 5

Surface area to backfill and the necessary volume of
waste rock fill

Backfilling of the pilot pit
Level Surface (m?) | height (m) Volume (m?)
N-1(705-690) 184,286 15 2,764,290
N-1(690-675) 116,033 15 1,740,495
Total - — 4,504,785
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Fig. 8. Development stages of the mining exploitation of Kef Es-
sennoun deposit

Table 6

Security factor of the different phases of development of Kef
Essennoun’s quarry

Phase-1 | Phase-2
Method (Before | (After Phase-3 | Phase-4 | Phase-5
backfill) | backfill)
ordinary 0.895 1.340 1.859 4.936 4.894
Bishop 0.981 1.559 1.884 4.819 4.795
Janbu 0.894 1.289 1.714 4.738 4.534
Morgenstern- | 0.931 1.508 1.794 4.755 4.753
Price

than 1 (FS> 1). Therefore, there will be no risk of instability at
during mining operations, provided that we comply with the
recommended technical and technological parameters (hg <
12 m, Bg<70°, bs, bn > 8 m) and under current blasting condi-
tions.

Conclusions. At the end of this study, we find that:

1. The plan proposed by the company SOMIPHOS for the
continuation of mining work in the Kef Essennoun deposit,
after the sliding of the Northern edge was not reliable, either,
because as the pit was enlarged, new cracks appeared in the
upper parts of the North and Northwest of the quarry.

2. The monitoring devices used (control stations and incli-
nometers) were complementary to each other and they showed
that the Northwest edge of the Kef Essennoun quarry is un-
stable, the sliding surface of which corresponds to the phos-
phate interface/marl.

3. Numerical modeling carried out using the Geo-Studio
7.10 software showed that the Northwest edge of the Kef Es-
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sennoun quarry is sensitive to mine blasting work and stable in
the opposite case.

In view of this observation, we recommend:

1. Partial backfilling of the pilot pit of the mine, up to the
first two benches with a height of 30 m. This operation would
lead to the assurance of stability, by increasing the values of
safety factors with a rate of more than 30 %.

2. Re-studying the mining work in order to find an optimal
blasting plan, which ensures both the blasting operation and
the stability of the mine walls.

Resumption of top-down mining exploitation remains the
appropriate method for this type of deposit, which will ensure
the stability of the quarry during and after the operating ex-
ploitation mining.
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Mera. BupimeHHst npobiemu crabiibHOCTI (hocdhaTHOro
kap’epy Ked EccennyH y ripHnuono0yBHOMY perioHi [Ixkedenb-
OHK, pO3TallIOBAaHOMY B IMiBHIYHO-CXi/IHill YaCTUHI AJDKUDY.

Metonuka. JIist 1OCSITHEHHS Li€T METU MU TTOYaJIu 3 MO-
HITOPUHTY HECTaOUIbHOI MiJISHKU, BUKOPUCTOBYIOUM [IBi
CUCTEMM MOHITOPUHTY: KOHTPOJIbHI CTaHIIil Ta iIHKJIIHOMETp.
[TotiMm Mu nipoBeu HUGPPOBY OLIHKY CTIKOCTI MiBHIYHO-3a-
XiIHOTO Kpalo Kap’epy 3a MOTOYHUX YMOB eKcriyararii. [Tic-
JIST IbOTO MU 3ampOTIOHYBaJIM HOBUI TITaH il TS BiTHOB-
JIEHHSI poOOTH Kap’epy 3 JOTPUMAHHSIM HEOOXiTHUX YMOB
Oesneku. Ha 3aBepiieHHS MU MPOBENU OIHKY CTilKOCTI
0OPTiB, OCKIJILKKM POOOTH 3 BiTHOBJIEHHSI i1 pO3pOOKM Kap’epy
Ked EccennyH npomos:xxyBanucs.

Pesyabratn. Pesynbraté mokasyroTh, 110 32 MOTOYHUX
YMOB eKcCIUlyaTtallii MiBHiYHO-3axigHuii kpait kap’epy Ked
EccennyH e HecrtilikuMm (FS < 1). 3acurnka eKcnepuMeHTalb-
HOro Kap’epy cripusijia 3a0e3NeyeHHI0 CTIiMKOCTI CTiHOK

Kap’epy 3a paxyHOK 30iJblIIEHHSI 3Ha4eHb KoedillieHTiB 3a-
racy MirHocti 6itbi Hixx Ha 30 %.

HaykoBa HoBU3HA. 3acUIKa eKCIIEPUMEHTAIBHOTO Kap’e-
py ¥ BiTHOBJEHHS BUIOOYTKY 3BEPXY BHU3 3a0€3I€UUTh CTa-
OiTBHICTL Kap’epy Mia yac i micist 3aBepllieHHsT eKCIlyaTa-
LIAHOTO BUAOOYTKY KOPUCHUX KOTAJIUH.

IIpakTiyna 3HaYMMicTh. JlOCTiIKEHHS CTIMKOCTI YCTYIiB
HACHIIiB, OOPTIB Kap’epiB i OOIMIFOBAHHS IIJIAKOBUX BilBa-
JIiB MPU BiIKPUTi po3poO1Li pOAOBUIL KOPUCHUX KOMAJINH €
BaXJIMBUM €TATlOM, 1[0 Ma€ BUKOHYBATHCS TIOCTYIIOBO BifI-
MOBiTHO 10 PO3BUTKY TipHUYMX POOIT, 11100 rapaHTyBaTu 6€3-
MeKy rnepcoHainy, MarepiajiB, 3amaciB i HABKOJUIIIHbOTO Ce-
penoBuIlia.

KmouoBi ciosa: Tebecca, Aaxcup, koegiyicum 6Gesneku,
cmabinbHicmy Hacunie, 6i0H08AeHHSA pobomu Kap’'epy
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