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Abstract

The lead and zinc ore are expected to be mined at the open pits Zuta Prla and Brskovo near Moj-
kovac, Montenegro. During ore mining and flotation processing, the waste from the open pits and
tailings from pre-concentration (DMS) and flotation tailings are produced. Two integrated waste
dumps are planned in the immediate vicinity of the open pits for disposal of these materials. This pa-
per presents the geotechnical tests of the base of these waste dumps, as well as the tests of deposited
materials, and calculation of their stability in accordance with the current legal regulations.

Keywords: integrated waste dumps, open pits Zuta Prla and Brskovo, geomechanical tests, stability
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1 INTRODUCTION

The integrated waste dumps are con-
structed so that the waste from open pits is
disposed towards the outer edges of the
floors. Between the deposited waste from the
open pits and ground, the cassettes are
formed of tailings from the pre-concentration
(DMS) in which the flotation tailings are
deposited. Transport and disposal of waste
from the open pits and DMS is carried out by
trucks, and delivery of flotation tailings and
filling of cassettes is done by hydrotransport.

The integrated Zuta Prla waste dump is
formed up to an elevation of K +1.100 m
with floors 10 m high. The maximum height
of waste dump is 150 m. The Brskovo inte-
grated waste dump is formed up to an eleva-
tion of K +1.125 m, also with floors 10 m
high. The maximum height of the Brskovo
waste dump is 175 m. Figure 1 shows a
typical vertical cross-section of a floor of
the integrated waste dumps, and Figure 2
shows a typical cross-section of a cassette.
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Figure 1 Typical cross-section of an integrated waste dump floor
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Figure 2 Typical cross-section of a cassette

2 GEOTECHNICAL TESTS OF A
FOUNDATION

During 2020 year, the geotechnical in-
vestigations were carried out at the site of
open pits and integrated waste dump sites
[1]. The following work program was im-
plemented:

» Realization of a geotechnical drilling;

» Geotechnical logging and characteri-

zation of the rock mass and definition
of the model;

» Determination of the geotechnical

domains;

» Defining the geotechnical input pa-

rameters by domain.

Five different working environments
have been identified:

Carbonates and Keratophyres Tran-
sition;

Carbonates and Keratophyres Fresh;
Volc - sediments Shales & Schists
Transition;

Volc - sediments Shales & Schists
Fresh;

Volc - sediments Shales & Schists
Foliation Planes.

The results of these geotechnical tests are
shown in Tables 1 and 2. Based on these pa-
rameters, the RocLab program, Figure 3, de-
termined the calculation parameters for the
stability calculation for each analysis profile.

vV V VV V
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Table 1 Geomechanical parameters at the Zuta Prla site

Domain Footwall (Carbonates Hanagingwall

and Keratophyres) (Volc-sediments Shales & chists
Sector Transiton Fresh Transiton Fresh Foliation

planes
Unit weight | (kN/m®) 24 26 25 27 27
UCS (MPa) 40 (24-48) | 65 (40-80) | 18 (12-24) | 30 (20-40) -
GSI 42 (21-63) | 57 (43-71) | 34 (22-46) | 43 (31-55) -
Mi 10 (7-13) | 15 (10-20) 8 (6-10) 12 (9-15) -
E (MPa) 6 000 10000 1926 3210 -
\Y/ 0.27 0.27 0.32 0.32 -
D - 0.3 - 0.3 -
C - - - - | 60 (40-80)
Phi - - - - | 25 (22-28)

Table 2 Geomechanical parameters at the Brskovo site

Domain Keratophyre Volc-sediments
Sector Transiton Fresh Transiton Fresh Foliation
planes

Unit weight | (kN/m°) 25 27 25 27 27
UCS (MPa) 22 (10-34) 66 (40-80) | 22 (10-34) | 38 (18-58) -
GSI 32 (20-44) | 57 (43-71) | 32 (20-44) | 42 (32-54) -
Mi 10 (7-13) | 15(10-20) | 10(7-13) | 12(9-15) -
E (MPa) 2040 10 000 2040 3400 -
Vv 0.24 0.27 0.24 0.24 -
D - 0.3 - 0.3 -
C - - - - | 60 (40-80)
Phi - - - - | 25 (22-28)
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Figure 3 Determination of calculation parameters for stability calculation in the RocLab program
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3 TESTS OF DISPOSED MATERIAL

During 2021, the tests were carried out
on disposed material of in integrated land-
fills - waste from the open pits, DMS mate-
rial and flotation tailings [2].

Based on the experience, it is assumed
that the waste from the open pits will have a
compacted dry density of 2.00 t/m®. It is
expected that the permeability of waste
from from the open pits will be of the order
of 10 * to 10 > mis.

The DMS material characterization in-
cludes the Atterberg limits for material
passing through a 425 pm sieve and mate-
rial passing through a 75 pum sieve. The
results in all cases were that the material
was non-plastic. The compaction tests indi-
cate the low optimum moisture contents

(4 to 5%) and maximum dry densities of
1.87 and 1.90 t/m°. It is assumed that these
densities will also be in the disposed DMS
and that the average density will be 1.9 /m°,
Permeability for this granular material is
likely to be 10 to 10" m/s on the basis of
typical values for sand and gravel mixtures.

Flotation tailings are defined as a slime-
clay-sized material that is expected to have
a low permeability, most likely on the order
of 107 to 10® m/s. Based on the previous
experience, it was assumed that the dehy-
drated tailings after consolidation reaches a
dry density of the order of 1.55 t/m”.

Calculation parameters for calculating
the stability of disposed materials are shown
in Table 3.

Table 3 Calculation parameters for calculating the stability of disposed materials

Material Volume ngght, Cohesion, | Angle of natural Pore water
KN/m kPa hold, ° coefficient
Open pit waste 20.0 0 35 0.1
DMS 18.6 0 26 0.0
Flotation tailings 15.2 0 29 0.4

4 STABILITY CALCULATION

The stability calculation of integrated
landfills was done with the Slide v6.0 pro-
gram from the company Rocscience, under
the conditions of limit equilibrium, accor-
ding to the methods of Bishop and Morgen-
stern-Price [3 - 9].

The stability was checked in the static
and dynamic conditions for an earthquake
occurence with a return period of 475 years
according to the Eurocod 8. The calculation
was made on two profiles for the most un-
favorable case, that is, for the highest height

of the landfill. The geological profiles, on
which the stability calculation was per-
formed, are shown in Figures 4 and 5.

Figures 6-9 show the output interface of
the Slide v6.0 program for stability calcula-
tion using the Morgenstern-Price method.
Figures show the sliding planes for which
the stability coefficient is the smallest. For
all other sliding planes on each profile, the
stability coefficient is higher than shown
one. A summary of the stability calculation
results is shown in Table 4.
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Figure 4 Geological profile of the Zuta Prla integrated landfill
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Figure 6 Stability calculation of the Zuta Prla integrated landfill in static conditions
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Figure 8 Stability calculation of the Zuta Prla integrated landfill in dynamic conditions
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Figure 9 Stability calculation of the Brskovo integrated landfill in dynamic conditions
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Table 4 Stability calculation results

Profile Fs by Janbu method | F; by Morgenstern-Price method
1d-1d’ static 2.153 2.262
2d-2d’ static 1.665 1.668
1d-1d’ dynamic 1.697 1.800
2d-2d’ dynamic 1.110 1.156

5 CONCLUSION

By comparison the calculated safety co-
efficients with the minimum allowed values
defined by the Rulebook on technical norms
for the open pit exploitation of mineral de-
posits ("Official Gazette of SFRY™, Nos.
4/86 and 62/87), the conclusion is that all
the obtained values are above the legal min-
imum which for the final slopes of the land-
fill is Fgmin = 1.30.

By comparison the obtained safety coef-
ficients of flotation tailing dump dams with
the permitted minimum coefficients, pre-
scribed by the technical conditions for the
design of embanked dams and hydrotech-
nical embankments - SRPS U.C5.020 (for-
mer JUS), which for the embanked dams
over 15 m in height is a minimum of Fs=
1.50 in the case of constant static load, that
is, Fs = 1.00 in the case of occasional dy-
namic load for an earthquake occurence, it
can be concluded that the safety coefficients
for the static and dynamic loads are above
the minimum prescribed values according to
the analysis profiles of combined landfills.
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