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RANKING OF FLOTATION TAILINGS POND IN EASTERN SERBIA USING
THE AHP METHOD

S. Milutinovié?, Lj. Obradovié, S. Petrovi¢, S. Magdalinovi¢, I. Svrkota
Mining and Metallurgy Institute Bor, Bor, Serbia

ABSTRACT — From the aspect of technology, the flotation tailings pond represents a necessary mining
facility. From the point of view of the environment, a real danger to the ecological factors of the
environment, whether they are in operation or the disposal process has been completed. In this paper, the
AHP method was used to rank the tailings ponds in Bor and Majdanpek, so that a clear picture is obtained
of which tailings pond should be paid the most attention in terms of taking all preventive measures to
prevent accidents.

Keywords: Tailings, Tailings Pond, AHP, MCDM.

INTRODUCTION

Flotation tailings ponds are dynamic structures that continuously evolve during their

time of exploitation, and for a good number of years after the end of exploitation [1].
They must be seen as living objects that reflect all-natural events in the environment and
all events caused by human activities. Protection of general natural assets is one of man's
biggest challenges every day. Exploitation and processing of natural resources such as
mineral deposits contribute to the transformation of the natural environment. Several
activities designed to maintain balance are undertaken by the concept of integrated
order. One of them is the use of comprehensive tailings pond monitoring systems.
Despite the monitoring, system crashes still happen.
In Europe, public concern about the risk and potential impacts of existing (operating,
inactive, and abandoned) tailings ponds has been growing since recent incidents such as
the large-scale tailings spill in Spain in 1998 [2], the Baia Borsa tailings (Romania))
contaminated with heavy minerals spilled in March 2000 [3], etc. These and other
experiences show that the emphasis should be placed on prevention and not on
responding after the incident. By predicting the potential risk, the environmental impact
can be reduced and the actual costs optimized.

In the paper [4] a detailed review and re-evaluation of known historical cases of
accidents at tailings ponds in Europe and the world was carried out. The main aim of the
work was to improve the understanding of tailings pond incidents and to establish
relationships and trends based on (known) historical tailings pond accidents in Europe as
well as in the world.

In this paper, the AHP method was used to rank the tailings ponds in Bor and
Majdanpek, so that a clear picture is obtained of which tailings pond should be paid the
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most attention in terms of taking all preventive measures to prevent accidents at these
flotation tailings ponds. The decision that will be made will have a significant impact on
the business in terms of achieving technical, environmental, and economic goals.

EXPERIMENTAL

The application of the AHP method is very broad, with the possibility of adaptation
to specific circumstances.

In the paper [5] a detailed procedure and definition of the AHP method are given, so
in this part of the paper, only the experimental part of the application of this method will
be given.

The analyzed area of Eastern Serbia has six flotation tailings ponds, one of which is an
accidental tailings pond. The comparison was made for six tailings ponds, namely the
Veliki Krivelj tailings pond (Field 0, 1, 2), the RTH tailings pond, and two tailings ponds in
Majdanpek (Valja Fundata and the Sagki Potok accidental tailings pond).

The Veliki Krivelj tailings dump is a valley-type tailings dump and occupies space in
the former bed of the Kriveljska River. Downstream from the tailings pit is the village of
Ostrelj, and upstream is a conveyor system for transporting tailings from the Krivelj mine
to the old open pit in Bor and the Veliki Krivelj open pit. This tailing dump consists of
three fields. Field 1 was created by closing the valley of the Kriveljska river with two
barrier sand dams, upstream dam 1 and downstream dam 2. In 1990, the tailings pond
was expanded downstream, occupying additional space in the bed of the Kriveljska river
- a new tailings dump or Field 2. To contour the new tailings pond, it was enough to build
only one dam - dam 3. To provide adequate space for the further disposal of tailings from
the Veliki Krivelj flotation, at the beginning of 2015, the construction of the Zero Field
upstream of field 1 was started.

The flotation tailing dump in the area of the old surface mine RTH (after the mine it
is a tailings pit and got the name - ore body H) has been in operation since 1985. The
tailings pit has the shape of an ellipse with the approximate direction of the central axis
east-west.

Since the beginning of the operation of the copper mine in Majdanpek, flotation
tailings have been deposited in two tailings ponds - Valja Fundata and Saski Potok. The
tailings pond "Valja Fundata" dates back to 1961 and is the main tailings pond, and it was
named after the stream of the same name, Valja Fundata. This tailings pond was formed
in the valley of the Valja Fundata stream, which starts immediately in front of the copper
flotation in Majdanpek and extends in a southerly direction for about 1300 m, where two
new branches flow into it. At a distance of about 1800 m, this valley changes its direction
to the west, where it joins another larger branch. Then, at about 2400 m from the
flotation, this valley widens considerably and enters a new branch, which eventually ends
with a rocky limestone barrier. The original purpose of the "Saski Potok" tailings pond
was to deposit part of the tailings of the supplementary plant in the form of sand from
secondary hydro cyclones. As such, this tailing pond has been in operation for several
years and about 8.5 Mm? of flotation tailings were deposited in it, mostly in the central
area of the tailings pond. Considering the various difficulties that arose during the
operational work of this tailings pond, as well as different conceptions of its purpose and
technical construction, after a comprehensive review of the entire situation related to
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the disposal of tailings from RBM flotation, it was decided that this tailings pond will serve
only for accidental discharges in the future in case of unforeseen downtimes and
breakdowns.

The basic criteria for the selection of tailings for this work are:

Area of the tailings pond (m?) — A larger area of the tailings pond automatically
means that the tailings pond is more dangerous.

Volume of the tailings pond (m?) - The larger the volume of the tailings pond,
the less favorable the tailings pond.

Proximity to surface waters (km) - If surface waters (rivers, streams, etc.) were
observed near the tailings dump, their distance from the tailings dump was
determined. The closer a river or stream is to a tailings pond, the less favorable
the tailings pond is.

Proximity to agricultural land (km) - If agricultural land was observed near the
tailings dump, its distance from the tailings dump was determined. The closer
an agricultural land is to a tailings pond, the less favorable the tailings pond is.
Proximity of protected natural areas (km) - If a protected natural area (cave,
etc.) was observed near the tailings dump, its distance from the tailings dump
was determined. The closer an area is to a tailings pond, the less favorable the
tailings pond is.

Proximity to cities and settlements (km) - If a settlement was observed near the
tailings dump, its distance from the tailings dump was determined. The closer a
settlement is to a tailings pond, the less favorable the tailings pond is.

Other criteria, such as harmful and dangerous substances in tailings, stability of dams,
environmental protection, economic aspect, etc. were not taken into account in this

paper.

RESULTS AND DISCUSSION

The initial decision matrix is shown in Table 1.

Table 1 The initial decision matrix

Area of the Volume of the | Proximity to Proximity | Proximity of Pr¢?>f|m|ty to
Name of . I to protected cities and
L tailings pond tailings pond surface .
tailings pond (m?) (m?) waters (km) agricultural natural settlements
land (km) areas (km) (km)
Alternative/ K1 K2 K3 K4 Ks Ke
criterion
Al veliki Krivelj- |54 193,00 | 15,200,000.00 2 1 27 3
Field 0
A2 veliki Krivel- | ) 351 £23.00 | 135,300,000.00 2 1 27 15
Field 1
A3 Veliki Kriveli- | 4 317 567,00 | 87,500,000.00 2 1 27 15
Field 2
Ad RTH 700,462.00 53,562,878.00 2 0.5 27 1.5
Valja
A5 4,726,514.00 | 364,950,000.00 0.5 2 14 1
Fundata
A6 Saski potok 365,606.00 21,250,000.00 3.5 2 14 3
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The evaluation of six flotation tailings ponds A1, A2, A3, A4, A5, and A6 was carried
out based on the six evaluation criteria K1, K2, K3, K4, K5 and K6 that were previously
mentioned.

The first step is to define the weighting factors (preference factors) of the considered
criteria using Saaty's scale [6], after which their mathematical calculation should be
performed. After that, the consistency of the decision maker should be checked [7],
which is shown in Table 2, as well as the value of the preference vector. Based on the
results, we see that the random CR consistency index is <10%, which satisfies the
conditions.

Table 2 Consistencies of the decision maker and the value of the preference vector

K1 K2 K3 K4 K5 K6 Preference Consistencies of the decision maker
vector
K1 1 0.33 | 0.14 | 0.14 | 0.14 | 0.11 0.023105 6.128457338 Amax
K2 3 1 0.14 | 0.14 | 0.14 | 0.11 0.034486 6 n
K3 7 1 1 1 0.33 0.178521 1.24 RI
K4 7 7 1 1 1 0.33 0.178521 0.025691468 Cl
K5 7 7 1 1 1 0.33 0.178521 0.020718925 CR
K6 9 9 3 3 3 1 0.406846 2.071892544 %

The next step in the analysis is the evaluation of alternatives in relation to the defined
criteria.

The first sub-criterion to be analyzed is the area of the tailings pond. All necessary
input values, as well as preference values and consistency of the decision maker, for the
calculation of alternatives according to the criterion of the tailings area are shown in
Table 3.

Table 3 Values according to the criterion - tailings area

K1 Al A2 A3 A | AS A6 Preference | Consistencies of the decision
vector maker
424,193.00 | Al 1 |014| 0.2 {033]0.11| 1 ]0.023507614 | 6.597345816 Amax
2,321,823.00 | A2 7 1 5 3 |011| 7 0.19744616 6 n
1,347,567.00 | A3 5 0.2 1 3 |0.11| 5 ]0.091562837 1.24 RI
700,462.00 | A4 3 10.33]0.33 1 [0.11| 3 ]0.051033157 | 0.119469163 Cl
4,726,514.00 | A5 9 9 9 9 1 9 ]0.612942617 | 0.096346099 CR
365,606.00 | A6 1 |0.14| 0.2 [033]0.11| 1 ]0.023507614 |9.634609942 %

Calculations are made in the same way for the other sub-criteria shown in Tables 4-8.

Table 4 Values according to the criterion - tailings volume

K2 a1l | A2 A3 A4 A5 | Ag Preference Consistencies of the decision
vector maker
15,200,000.00 [ A1 | 1 |0.14| 0.2 |{033|0.11| 1 0.023508 6.597346 Amax
135,300,000.00 | A2 | 7 1 5 3 011 7 0.197446 6 n
87,500,000.00 | A3 | 5 0.2 1 3 |1011| 5 0.091563 1.24 RI
53,562,878.00 | A4 | 3 |[033|033| 1 |0.11] 3 0.051033 0.119469 Cl
364,950,000.00 | A5 | 9 9 9 9 1 9 0.612943 0.096346 CR
21,250,000.00 | A6 | 1 [0.14| 0.2 |033|0.11] 1 0.023508 9.63461 %
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Table 5 Values according to the criterion - Proximity to surface water

K3 Al A2 A3 A4 | AS A6 Pr(\e;ecrtzrr\ce Consistencies of the decision maker
2 Al 1 1 1 1 3 0.14 0.094427 6.051013 Amax
2 A2 1 1 1 1 3 0.14 0.094427 6 n
2 A3 1 1 1 1 3 0.14 0.094427 1.24 RI
2 Ad 1 1 1 1 3 0.14 0.094427 0.010203 Cl
0.5 | A5|0.33| 0.33 [ 0.33]|0.33 1 0.14 0.038999 0.008228 CR
3.5 | A6 7 7 7 7 7 1 0.583292 0.822788 %
Table 6 Values according to the criterion - Proximity to agricultural land
Ka Al A2 A3 A4 AS A6 Preference Consistencies of the decision
vector maker
1 Al 1 1 1 3 0.11 | 0.11 0.052143 6.057498 Amax
1 A2 1 1 1 3 0.11 ] 0.11 0.052143 6 n
1 A3 1 1 3 0.11 | 0.11 0.052143 1.24 RI
05| A4 [0.33]|0.33|0.33 1 0.11 | 0.11 0.025921 0.0115 Cl
2 A5 9 9 9 9 1 1 0.408825 0.009274 CR
2 A6 9 9 9 9 1 1 0.408825 0.927384 %
Table 7 Values according to the criterion - Proximity to protected natural areas
Ks Al A2 A3 as | as | a6 Preference Consistencies of the decision
vector maker
27 Al 1 1 1 1 9 9 0.236925 5.986655 Amax
27 A2 1 1 1 1 9 9 0.236925 6 n
27 A3 1 1 1 1 9 9 0.236925 1.24 RI
27 Ad 1 1 1 1 9 9 0.236925 0.002669 Cl
14 A5 [0.11|0.11|0.11|0.11| 1 1 0.026149 0.002152 CR
14 A6 |0.11]0.11(0.11|0.11 1 1 0.026149 0.215239 %
Table 8 Values according to criteria - Proximity to cities and settlements
K6 Al l a2 | a3l aal as | as Preference Consistencies of the decision
vector maker
3 Al 1 5 5 5 3 1 0.320217 6.177695 Amax
1.5 A2 0.2 1 1 1 3 0.14 0.072662 6 n
1.5 A3 0.2 1 1 1 3 0.14 0.072662 1.24 RI
1.5 A4 0.2 1 1 1 3 0.14 0.072662 0.035539 Cl
1 A5 [0.33|0.33|0.330.33 1 0.14 0.041028 0.028661 CR
3 A6 1 7 7 7 7 1 0.420768 2.866055 %
Table 9 Final report of parameters
Alternative/ K1 K2 K3 Ka Ks K6 RANK RANK Name of
criterion tailings pond
AL 0.023508 | 0.023508 | 0.094427 | 0.052143 | 0.236925 | 0.320217 6 1 Valja Fundata
A2 0.197446 | 0.197446 | 0.094427 | 0.052143 | 0.236925 | 0.072662 2 2 Ve“F'?ie::iIE”"
A3 0.091563 | 0.091563 | 0.094427 | 0.052143 | 0.236925 | 0.072662 3 3 Ve“F'?ie::i‘z’e”"
A4 0.051033 | 0.051033 | 0.094427 | 0.025921 | 0.236925 | 0.072662 5 4 Saski potok
AS 0.612943 | 0.612943 | 0.038999 | 0.408825 | 0.026149 | 0.041028 1 5 RTH
A6 0.023508 | 0.023508 | 0.583292 | 0.408825 | 0.026149 | 0.420768 4 6 Ve"Fkiie::i(‘)'e”'
Ki 047134 | 032739 | 0.058321 | 0.058321 | 0.058321 | 0.026306
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Table 9 shows the last step in the application of the AHP method, which is the
weighting of the calculated significance coefficients of the alternatives in the choice
according to different criteria, and the significance coefficient (preference) of those
criteria

CONCLUSION

During the construction of the flotation tailings pond, there are various changes
related to the characteristics of the material to be deposited, the method and conditions
of transport, deposition, environmental protection, water removal, changes in the
groundwater level in the surrounding area, etc. Because of all this, it is impossible to
predict all the influencing elements that occur at the beginning of the construction of the
tailings pond, so auscultation or observation is necessary.

Based on the results obtained by the AHP analysis, it can be seen that the dangers to
people and the environment in the vicinity of the tailings dump mainly depend on the
size of the tailings dump, so the Valja Fundat tailings dump is in the first place in terms
of risk to the environment. Then comes Veliki Krivelj tailings - Field 1 and Field 2. The
other three places are occupied by accidental tailings Saski Potok in Majdanpek and
tailings RTH and Veliki Krivelj - Field 0 in Bor (Table 9.).

The selection of flotation tailings ponds can be based on other criteria, such as
stability of dams on flotation tailings ponds, chemical hazard, presence of erosion, etc.,
and not only on those given in this paper, so different results can be obtained using the
AHP method.
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