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Abstract. The accumulating capacity of tailing ponds by technology infusion of pulp preliminary clarification in the 
alluvium charts with its subsequent thickening and storage in the form of a highly concentrated pulp at the bottom of the 
pond is proposed by authors in the work. For the first time, the time dependence of filling a temporary pond on the ratio 
of the initial and condensed slurry concentrations for such technologies is obtained. The formula for calculating the 
degree of condensation is proposed. It provides the parameters selection and justification of equipment for removing 
water from a temporary pond as the map is filled with the accumulating capacity restoration of tailing ponds. The 
calculation results for the proposed dependencies allow us to establish: the necessary values of the thickening degree of 
the hydromixture, the possible intervals of the change in the pulp flow before and after thickening, as well as the volume 
of water taken from the temporary pond, depending on the concentration of the slurry entering the pond from the 
alluvium maps, its volumetric flow rate , geometric parameters of the technology for waste storage and the operation 
duration of a temporary pond. 

 

Introduction. Kryvyi Rih Iron Ore Basin is the largest in Ukraine, where more 

than 80 % of iron ore is mined and more than 20 % of metallurgical product is 

produced. The main enterprises of the mining industry are concentrated in the Basin: 

five largest mining and processing plants (MPP) with ten quarries which are deeper 

than 300 m and 17 mines with a depth of 80 – 1300 m for mining of iron ore. Each of 

these facilities has its own tailing ponds (TP) for mining and processing, which are 

considered by many experts as technogenic deposits of iron ores various types and 

related non-metallic minerals [5, 6]. 

Currently, according to various estimates, the Kryvbas dumps contain up to 

13 billion tons of overburden rocks, and tailing ponds contain up to 6 billion tons of 

products after processing mineral raw materials [1 – 4], which occupy more than 10 

thousand ha [4 – 8]. These resources are increasingly attracted by their ability to be 

used both for obtaining concentrates of mineral raw materials and for freeing up 

space for storage of new waste, which is not available in Kryvbas [2, 3, 6 – 9]. Thus 

mines, quarries and tailing ponds are located throughout the city of Kryvyi Rih and 

its neighboring areas, where the free land for storing mineral processing products is 

not available. 

The world experience in the TP operation indicates the following solutions to the 

problem: waste storage in the slurry form with a hydromixture paste concentration; 

flood walls building up; the intensification process of water clarification in the pond 

using flocculants and coagulants; the mode choice of washing cards; the dusting 

surface parameters changing of surface and underwater alluviums; separate storage 

introduction of solid phase fractions; preliminary clarification of the pulp in the 

alluvium maps before entering the pond. 
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The use of paste thickeners in the conditions of Krivbas MPP is not possible due 

to the large length of the transport lines and significant differences in geodetic heights 

(Table 1). These technologies are usually introduced at new TP, where waste 

management is carried out on the first tier [9]. 
 

Table 1 – Parameters of TP of the Kryvbas MPP 
 

Name of TP 
Height of 

dikes, m 

Area, 

hectare 
Volume 106, 

m3 

Annual 

volume of 

refuse 106, 

m3 

TP "Voikove" of 

Pivdеnnyi MPP 

from 50 

to 74 
250 156.5 11.50 

TP "Obiednane" of 

Pivdеnnyi MPP and 

ArselorMittall 

from 40 

to 59 

from 

350 to 

550 

320.0 6.50 

TP "Myroliubivske" of 

ArselorMittall 
55 324 107.0 10.60 

TP of Inhuletskyi MPP  112 - 379.0 4.52 

TP of Tsentralnyi MPP  10 - 290.0 7.00 

TP of Pivnichnyi MPP  76 1750 466.0 8.84 

TP of No. 2  of V.A. 

Valiavko Mine CPP, 

"Pivnichnyi" 

10 300 210.0 
not in 

operation 

 

The intensification of the clarification process of water in the pond by adding the 

TP enables to precipitate the solid particles much faster, however, it worsens the 

properties of the resulting sediment deposition. As a result of flocculi formation, such 

a sediment will be loose, more voluminous, and less reliable in terms of the retaining 

dikes stability [10 - 16]. Managing the parameters of the mode for hydraulic filling 

the maps and changing the parameters of the dusting surface of surface and 

underwater alluviation involve the use of cost-intensive technologies for pulp 

thickening before storage or means for regulating the operation mode of the hydraulic 

transportation complex. The introduction of the separate storage of solid phase 

fractions involves a substantial modernization of the entire system of storage and 

transportation of rock refuse.  

The preliminary clarification of the pulp in the alluvial maps before entering the 

pond is a method that is rarely used in domestic mining and processing plants (Fig. 

1). Idea of this method is based on the peculiarity of the map alluviation technology: 

the pond is separated from the alluviation map by a protecting dike, near the internal 

slope of which, as a result of hydraulic filling the map, a local pond is formed, which 

is used until pulp is fed to dusting surfaces of the bench. After hydraulic filling the 

map in the protecting dike, the outlets are made and the local pond contents enter the 

storage pond for clarification (Figure 1). This technology is not effective at the final 

stages of TP operation, when the storage pond dimensions do not provide 

clarification of even previously settled hydromixtures. 
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Figure 1 – The known technology to store the rock refuse using a temporary pond in a map with 

subsequent water discharge into the pond 
 

Therefore, all MPP in Kryvbas are forced to use the only known technology for 

increasing the accumulating ability - to build up dams. This will create new 

containers for enrichment waste, but will reduce the geometric dimensions of the 

storage pond, and it is inability threat to clarify recycled water to the required quality. 

In the near future, this factor will make it impossible for them to have an extensive 

development path by additionally attracting volumes of recycled water, expanding the 

area and building new TP. The most effective way out of this situation is the 

transition to an intensive development path, when a place for new volumes of 

enrichment waste will be provided through more efficient use of existing tanks, the 

clarification process intensification of recycled water and associated extraction of the 

remaining mineral deposit.  

Such a radical technologies changing for storing waste enrichment and operation 

of waste storage requires preliminary justification. Videlicet: possible volumes 

estimates of clarified circulating water, the required volumes for storing the 

condensed slurry, as well as the released volumes of the storage available for storing 

new enrichment waste. Thus, the aim of the study is to assess the possible distribution 

of water, slurry and particulate consumption during preliminary clarification of the 

pulp containing clay and dust fractions in the temporary pond depending on the 

degree of thickening, geometric parameters of the waste storage technology and the 

operation continuance of the temporary pond. 

Methodology. At the final stage of TP operation, when the storage capacity of TP 

is small, the slurry emanating from the proran will not have time to clarify in the 

illuminator pond due to its small geometric dimensions. For restoring of the TP 

accumulating ability, the authors of the work propose to improve the well-known 

technology of preliminary clarification of pulp in the alluvium maps. The 

modernization is in not using openings for diverting the slurry into the clarifier pond, 

but in directing the pulp from the local pond to thicken. This will make it possible to 

store already condensed highly concentrated pulp at the bottom of the pond without 

interference for the clarification process, and to supply water to the circulating water 

supply system (Fig. 2).  

To implement the idea proposed in the work, the specialized partitions can be 

used that prevent entering the solid particles into the pond, thickeners for separating 
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dusty, chalky and clay fractions, processing the pulp with permanent magnets. 

Partitions are set instead of the protecting dike or in its outlets, providing filtering of 

liquid entering the pond from solid particles.  

 

 
Q0  volumetric flow rate of low concentration pulp according to alluvium maps, m3/s; Qp  the 

pulp volumetric flow rate with the concentration of the paste entering the lower part of the 

temporary pond, m3/s; Qc  pulp volumetric flow rate  of low concentration taken from the pond, 

m3/s; Сp  hydromixture concentration, entering the lower part of the temporary pond; C0  

hydromixture concentration entering the pond from alluvium maps; Qc
w  volumetric flow rate of 

water from a temporary pond, m3/s; Qp
w  volumetric flow rate of water entering the temporary 

pond together with highly concentrated cellulose, m3/s; G  the circulating volume of solid particles 

between the temporary pond and the thickener, m3/s; Q  difference between the volumetric flow 

rates of water entering the pond and discharged from the pond, m3/s  

 

Figure 2 – A promising method for removing a temporary pond after filling the map, providing 

restoration of the accumulation ability of the tailing pond 

 

One of the variants for restoring the accumulation ability of the tailing pond is to 

preliminary clarify the pulp containing clay and dusty fractions in the temporary pond 

by supplying weak solutions of reagents, coagulation and flocculation agents. The 

obtained clarified water and loose sediment are consequently sent into the circulating 

water supply system and to the core of the tailing pond. The sediment friableness is 

eliminated by passing it through the centrifugal pump in the form of a pulp with a 

paste concentration. The centrifugal pump, in this case, acts as a disintegrator of 

flakes and flocculi, which makes the highly concentrated pulp more homogeneous, 

and the sediment during its storage is denser. However, the temporary pond has a 

significant free surface area exposed to wind, which makes it difficult to evenly 

distribute the reagents. 

Therefore, the most potential will be a hydraulic mixture dredger intake with 

subsequent thickening of its mobile thickening installation (Fig. 2). In this case, to 

assess the possible distribution of the water flow rates, hydromixture and solid 

particles during preliminary pulp clarification in a temporary pond, the conditions for 

maintaining the volume of the hydromixture, as well as its liquid and solid phases are 

considered. Assuming that the hydromixture volume of the low concentration taken 

from the temporary pond is divided by the corresponding volume of the high 



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2020. № 155 
 

 

7  

concentration hydromixture that is returned to the temporary pond and the volume of 

clarified process water that is sent to the recycled water supply system. The 

requirements of the technology for storing enrichment waste, which consists in the 

fact that the level of the mirror in the temporary pond should not be changed, will 

also be taken into account [9, 10]. Given the continuity of the technological process, 

we assume that the concentration of the hydromixture that enters the pond from the 

alluvium map and the hydromixture selected from the pond are the same. Taking into 

account the accepted assumptions, the reckoning of the pulp preliminary clarification 

process conditions in a temporary pond can be used next associations (1-4): 
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where Kp – pulp mass ratio after thickening; Kc – pulp mass ratio before thickening; 

wc – water mass ratio befor thickening; wp – mass ratio after thickening; Kg – mass 

ratio soot; Kq – mass ratio water break free; c  hydromixture thickening level. 

Formulas (1) and (4) allow to estimate the total flow rate of pulp, water and 

particulate matter for a temporary pond, which provides a justification of the 

equipment parameters for the technology in question, depending on the hydromixture 

thickening level. The same formulas allow to write the right-hand sides of the 

equations describing the change in the heights of the water levels and solid particles 

in a temporary pond: 
 

00000 QKQKCQC
dt

dW
gC

s  ,   00001 QwQwQC
dt

dW
PC

f
 , 

 

which, taking into account formulas (1) and (4) and expressions for calculating the 

volumes of hydromixtire low concentration and solid particles accumulated in a 

temporary pond (Fig. 3) 
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are transposed to the next form: 
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where Ws  volume of solid particles accumulated in the temporary pond, m3; Wf  

hydromixture volume of low concentration accumulated in the temporary pond, m3; 

t – time, s; hs  bed depth of the solid particles, m; hf   hydromixture bed depth of 

low concentration above bed solid particles, m; L  length of alluvial front, m; β  

beach angle to the horizon, deg.; φ  the internal angle of the slope to the horizontal 

temporary dam, deg.; ηs  relative height of the bed solid particles; τ  

nondimensional time; ηf  relative height of the hydromixture bed low concentration 

above the bed solid particles; H  height of the temporary dam counted from the 

internal slope, m. 
 

 
 

Figure 3 – To the calculation of volumes hydromixture low concentration and solid particles 

accumulated in a temporary pond 

 

Equation (5) under the initial condition under consideration is easily solvable in 

quadratures 

  
c

s
2

,                               (8) 

 

and equation (6), after the next change of variable 
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reduced to a form allowing separation of variables with subsequent integration 
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The solution of the equation (10) under homogeneous initial conditions, after 

returning to the original variables, has the form: 

     
c

cCcf
2

121 0 ,                      (11) 

 

and is considered for the values of thickening level satisfying the inequality: 
 

cc  ,                                     (12) 
 

1
1

1
0


C

c ,                             (13) 

 

where c׳ – minimum permissible value of thickening level. 

Operation of the temporary pond will be stopped when the low concentration 

slurry reaches the upper shelf of the temporary dam: 
 

    1 HsHf ,                         (14) 
 

where τH – dimensionless operating time of a temporary pond. 

Substituting formulas (8) and (11) into expression (13), after appropriate 

transformations, we obtain the following dependence for calculating the operation 

continuance of a temporary pond: 
 

  20 122

5.0




Ccc

c
H .                    (15) 

 

Dependence (15) allows us to evaluate the effect of the hydromixture thickening 

level on the operation continuance of the temporary pond. According to the results of 

calculations in the characteristic range of variation of the values of c and C0, formula 

(15) allows one to choose the values of these parameters that satisfy the requirements 

for the operation of the enrichment waste storage. Knowing the values of c and C0, it 

is possible to determine the value of the relative costs according to formulas (1) – (4). 

Knowing the relative flow rates, that means, determined the possible distribution of 

flows in the hydraulic system under consideration, using formulas (1) it becomes 

possible for the required volumetric flow rate of low concentration pulp coming from 

the alluvium maps to calculate the volumetric flow rates of water and hydraulic 

mixtures coming and taken from the temporary pond . This ensures the equipment 

selection and justification of for the implementation of the proposed technology, 

taking into account the parameters of the temporary pond. The accumulating capacity 

recovery level of the enrichment waste storage facility is estimated by the value of 

the circulating volume of solid particles between the temporary pond and the 

thickener, as well as by the difference between the volumetric flow rates of water 

entering the pond and discharged from the pond, which are determined by 

formulas (2). 

Results and discussion. Dependences (3) and (4) allow to determine the relative 



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2020. № 155 
 

 

10  

flow rates of pulp and water before and after thickening, as well as the relative costs 

of the deposited particles and released water (Fig. 4 – 9). It can be seen from 

formulas (15) and (7) that the degree of thickening is determined not only by the 

concentration of the slurry entering the pond from the alluvium maps, but also by its 

volumetric flow rate, as well as by the geometric parameters of the waste storage 

technology and the operation continuance of the temporary pond. Thus, to select the 

degree of condensation, it is necessary to use the dependence inverse to dependence 

(15) (Fig. 10), taking into account constraint (12) (Fig. 11). 

Numerical results processing of the calculations by the formula (15) presented in 

Figure 9, indicates the possibility of approximating with accuracy satisfying 

engineering calculations (R2 from 0.960 to 0.994) the degree dependence of the 

hydromixture thickening on the dimensionless operation continuance of the 

temporary pond with the following function 
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where T is the required operation continuance of the temporary pond, s. 
 

 
 

Figure 4 – Dependence of the percentage consumption of pulp after thickening on the degree of the 

hydraulic fluid thickening of the slurry 
 

 
 

Figure 5 – Dependence of the percentage consumption of pulp before thickening on the degree of 

the hydraulic fluid thickening of the slurry 
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Figure 6 – Dependence of the percentage consumption of released water on the degree of the 

hydraulic fluid thickening at various concentrations of pulp coming from the alluvium maps 

 

 
 

Figure 7 – Dependence of the percentage consumption of water after thickening on the degree of the 

hydraulic fluid thickening at various concentrations of pulp coming from the alluvium maps 

 

 
 

Figure 8 – Dependence of the percentage consumption of water before thickening on the degree of 

the hydraulic fluid thickening at various concentrations of pulp coming from the alluvium maps 
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Figure 9 – Dependence of the percentage consumption of particles being precipitated on the degree 

of the hydraulic fluid thickening at various concentrations of pulp coming from the alluvium maps 

 
Figure 10 – The degree dependence of the hydromixture thickening on the dimensionless operation 

continuance of the temporary pond at different concentrations of pulp coming from the alluvium 

maps 

 
 

Figure 11 – The dependence of the minimum permissible degree of hydromixture thickening on the 

concentration of pulp coming from the alluvium maps 
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Analysis of the calculation results represented in Figures 3 – 8, showed that it is  

rational to thicken the hydromixture from the temporary pond to a degree of no more  

than 20. With a degree of hydromixture thickening of more than 10, the volume of  

water withdrawn from the temporary pond can be comparable with the hydromixture 

volume entering it, since it differs from it by a maximum of 25 % depending on the 

concentration. At the same time, the flow rate of water entering the temporary pond 

with the condensed hydromixture will not exceed the flow rate of its coming from the 

alluvium map by 10 %. 

From Figures 9 and 10 it is seen that the degree values of the condensation from 

10 to 20 provide acceptable operation of the proposed technology in the entire 

concentration range of the hydromixture coming from the map to the temporary pond. 

Moreover, with a hydromixture concentration increasing entering the thickening, the 

influence of the thickening degree on the filling time of the temporary pond 

decreases. If C0 = 0.03 the fractional variation in τH does not exceed 18 %, then  

C0 = 0.03 it is already 28 %. 

Conclusion. Thus, the parameters of the technology that allow, at the final stage 

of TP operation the Kryvbas MPP to increase their storage capacity without building 

up the dams was studied. The storage capacity increasing of the TP is supposed by 

introducing the technology of the pulp preliminary clarification in the alluvium charts 

with its subsequent thickening and storage in the form of a highly concentrated pulp 

at the bottom of the pond without interference for the clarification process. Based on 

the laws of mass conservation for the temporary pond of the alluvial map the 

formulas are obtained that allow to estimate the total costs of the pulp, water, and 

solid particles for the temporary pond. For the first time for such technologies, the 

time dependence of filling a temporary pond on the ratio of the initial concentrations 

and condensed hydromixture was obtained. This allowed us to propose a formula for 

calculating the degree of condensation, which provides the choice and justification of 

equipment for removing water from a temporary pond as the map is filled with the 

restoration of the storage capacity of TP. The calculation results for the proposed 

dependencies allow us to establish the necessary values of the degree hydromixture 

thickening, the possible intervals for changing the flow rate of the pulp before and 

after thickening, as well as the volume of water taken from the temporary pond, 

depending on the hydromixture concentration entering the pond from the alluvium 

maps, its volumetric flow rate, the geometric parameters of the waste disposal 

technology and the operation continuance of the temporary pond. 
______________________________ 
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