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Abstract

Purpose. Determination and substantiation of the hydromechanization technologies parameters and the hydraulic transport
operation modes for mining the technogenic deposits formed as a result of the enrichment waste storing in tailing dumps of
mining and processing enterprises.

Methods. A comprehensive multi-stage analytical approach has been used in a paper when performing research. Initially, in
order to substantiate the hydromechanization technologies parameters, the parameters of the pulp-preparation unit have been
analytically determined in this paper, which are limited by the value of the upper dam edge, taking into account the types of
hydraulic mixture. At the second stage, dependences have been set for calculating the critical velocity of hydraulic trans-
porting the pulps with different concentration (low, mean, and high). The next research stage was to determine the head and
rate specification (HRS) of the hydrotransport pipeline and the required capacity of the hydraulic mixture, which will enable
substantiating the parameters for the corresponding mining complex in the technogenic deposits development.

Findings. A critical pipeline diameter has been set with the prescribed parameters of the mining complex and the adopted pulp
preparation system. Dependences have been found for calculating the critical velocity of hydraulic transportation of mean- and
highly-concentrated pulps. The head and rate specifications have been determined of the tailing hydrotransport pipeline.

Originality. For the first time it has been revealed that the critical diameter value is determined by the product of two terms —
the first one takes into account the effect of the mining complex productivity, and the second — the dependence on the pulp
preparation system parameters. This makes possible to control the parameters and modes of hydromechanization technolo-
gies when mining technogenic deposits formed as a result of storing the enrichment waste in tailing ponds.

Practical implications. The “Recommendations for substantiating the parameters of the processes of accumulating capaci-
ty restoring of a pond with the use of hydromechanization devices” and “Methods for calculating the parameters for hy-
draulic transportation of highly-concentrated hydraulic mixtures”, have been developed, which may be useful for design
organizations and mining-metallurgical enterprises to provide additional volumes of raw material output and increase the
tailing ponds lifetime.

Keywords: hydraulic transport, technogenic deposits, hydraulic mixture, head and rate specification (HRS), high concentration

1. Introduction

Technogenic mineral deposits formed in artificial waste
dumps are the most promising for the immediate mining
development [1]-[5]. Given the existing method of storing
enrichment waste in the form of low-concentrated hydraulic
mixtures, it follows that successful development of these
deposits is not possible without the use of pulp preparation
technology [6]-[9].

These technologies have become widespread during hy-
dromechanization of surface mining operations, where they
are most often used for low and mean-concentrated hydraulic
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mixtures [10], [11], also it is used during amber buoying by
hydromechanical extraction [12]-[14].

A distinguishing feature of pulp preparation technologies,
when mining technogenic mineral deposits of the studied
type, is the use of highly-concentrated hydraulic mixtures,
which is not typical for the primary placer deposits extraction
[15]-[18]. Prior to this, the hydraulic transporting technolo-
gies of enrichment waste in the form of pastes and Bingham-
Shvedov plastics were known. However, in accordance with
them it is supposed to perform pulp preparation through
special technological cycles, the application effectiveness of
which was not studied in surface mining.
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It is not characteristic for these technologies to use hy-
dromonitors to create the jets and supply water to the sump
for adjusting the pulp concentration, as well as to the tram-
mel for mixing the phases. The use of ejector technologies
of pulp preparation, based on mixing the flows of two
phases in the pipeline, is considered ineffective due to the
high density and viscosity of the suspension being pre-
pared, as well as its initial shearing stress. A certain per-
spective under these conditions the installations have,
equipped with augers to supply solid particles or to mix the
phases with subsequent supplying the finished hydraulic
mixture into the pipeline [19]-[22].

The bunker technologies of pulp preparation are consid-
ered the most acceptable for these conditions, since they
involve the process of mixing the liquid and solid phases of
the pulp in a certain tank, which ensures the associated sus-
pension thickening and the introduction of reagents into
it [23]-[26]. For low and mean-concentrated hydraulic mix-
tures, the finished pulp density control in this type of devices
is ensured by selecting the volumetric flowrate of phases, and
the uniformity of mixing is provided by ways of their supply.
For hydraulic transport systems transporting hydraulic mix-
tures with such a concentration, several designs of jet sumps
are known that provide a stable value of the pulp concentra-
tion [27]-[30]. Water filtration and soil deformations under
above mentioned conditions must be also taken into consid-
eration [31]-[33].

Review of technogenic deposits accumulation and pro-
spects of their developing in mining industrial regions in
Ukraine shown in detail in [34]. At the same time, mo-dern
technologies for mining technogenic deposits formed in
artificial waste dumps are already oriented towards technolo-
gies and technical means of pulp preparation, which allow
pulp formation with high concentrations at the current flood-
breaking dam. There are no scientifically substantiated meth-
ods for determining the parameters of such hydromechaniza-
tion technologies for enrichment waste storage conditions,
and adaptation of the calculation methods used for low and
mean-concentrated hydraulic mixtures requires studying the
peculiarities and differences of the studied processes, taking
into account the rheological characteristics of the suspension
and possible hydrotransport modes.

The purpose of the work is to determine and substanti-
ate the hydromechanization technologies parameters for
mining the technogenic deposits formed as a result of the
enrichment waste storing in tailing dumps of mining and
processing enterprises.

2. Determination of the hydromechanization
technology parameters for the development
of technogenic deposits formed in dumps

To a large extent, the dimensions of the pulp-preparation
unit, regardless of the selected technology, will be deter-
mined by the required capacity of the hydraulic mixture:

Q=Qs +vQs +Qy

where:

Q —the volumetric flowrate of the finished hydraulic
mixture;

Qs — the volumetric flowrate of the technogenic placer;

v — the moisture content value of the technogenic placer;
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Qw — the volumetric flowrate of water supplied from the
tailing pond.

In the case under consideration, when accepting the as-
sumptions of the pulp formation process model proposed in
[35], [36], the following formulas can be written for deter-
mining the parameters of the finished pulp:

£Jo-

1
1+v+q

Q QS (1+V+q) G= ,OsQS (14— (1)
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where:

G — the freight flow;

C — the mass concentration of the pulp;

Cy — the volumetric concentration of the pulp;

—the Archimedes’ parameter of the transported material,
ps —the weighted average of particles density of the
transported material;

pw — the water density;

g — the specific flowrate of water for the pulp formation
[35], [36]..

If the moisture content value of the developed technoge-
nic placer is negligible compared to the specific flowrate of
water for pulp formation, then instead of the above formulas
the following dependences can be used:

= 1 ;G = 1+ =
Q=Qs(1+q) pSQS( Ar 1 :JCV g’
(3)
co 1 =1t Ar
1+ 9 1+ q
Ar +1

The pulp flowrate determined by the formulas (1) and (3)
is a characteristic of the pulp-preparation unit and does not
take into account the flow regime of the slurry, which depends
on the pipeline diameter (Table 1). It also does not take into
account the head and rate specification (HRS) of the main
pipeline, which at the obtained concentration values can pro-
vide some greater or less consumption than that of calculated.

Table 1. Classification of pulp flow regimes with different con-
centrations

Classification of pulp flow regimes

Pulp classification

by concentration Heterpggneous Hom_oge_neous
liquid liquid
L ncentration
ow concentrafio V < 1.25Vip V > 1.25Vip
Mean concentration
High concentration Rod regime Turbulent regime

Note: the following notations are used in the Table:
V — the average consumption velocity of the pulp flow;
Vip — the critical velocity of hydraulic transportation [35]-[40].

In formulas (1)-(3), the value Qs is determined by the se-
lected mining equipment and is a constant within this task,
and the value Qy is determined by the head and rate specifi-
cation of the water supply system and may change when
passing from map to map, as well as when passing to a new
alluviation layer. It can be seen from formulas (1)-(3) that, as
the value Qu changes, not only the pulp consumption, but
also its concentration will change. Thereby, the operating
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mode and the type of a slurry delivered to the processing
plant can be changed.

Thus, it is necessary to estimate the values of the specific
water flowrate for pulp formation, at which the type of hy-
draulic mixture and its flow regime along the main pipeline
will be changed.

3. Substantiation of delimitations
for the pulp preparation unit

Appropriate delimitations on the specific water flowrate
for pulp formation, at which the type of hydraulic mixture
will be changed (Table 2). Considering together with the
formula for C from (2) and the dependences, we obtain:

Ar+1 1 1+ Ar
Cpn=02 ; Cp = yCL = ,
Ar 14 2.33 3.33 L Ar
Ar+1 2-Py,

where:

Cm — the limiting value of mass concentration for low-
concentrated pulps [35], [41]-[43];

Cp — the limiting value of mass concentration for mean-
concentrated pulps [43];

CL —the maximum possible mass concentration of hy-
draulic mixture, corresponding to dense packing of solid
particles [39]-[44];

Po.1 —the fraction in the transported material of particles with a
diameter less than 0.1 mm [45]-[48].

Table 2. Delimitations of g values for pulps of different types

Pulp classification ~ Delimitations Limiting value

by concentration of g values of g parameter
Low concentration Om<( gm=4Ar—-1-v
Mean concentration gp<g<dQm gp=333-1-v
High concentration gu<qg<gp qu=3.33/(2-Po1)-1-v

In addition, for each type of hydraulic mixture, the cer-
tain dependences will be used to calculate the critical ve-
locity for hydraulic transportation, as well as the formulas
that predetermine various dependences for the pipeline
diameter choice [35], [41]. The diameter of the pipeline
providing the supply of the mined technogenic placer to
the processing plant is chosen from the condition that at a
given pulp flowrate the higher critical velocity of the flow
will be provided:

2
7D

(4)
where:

D — the diameter of the pipeline;

K — the parameter of hydraulic transportation, K > 1 [35].

It should be noted, that for low-concentrated pulps, the cri-
tical velocity of hydraulic transportation with account of the
dependence of the relative pulp density on the indicators of the
pulp formation process (2), is determined by the formula:

Vkp:15§/5i‘/W(O.6+ j

taking this into consideration, as well as dependences (1), the
value of the pipeline critical diameter will be:

Ar
1+v+q
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x=%(l+v+q),
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where:

Dyp — the critical diameter of the pipeline;

x — the value characterizing the dependence of the critical
diameter on the parameters of the pulp formation process.

The value of the critical diameter is restricted by the
values of the pipeline diameters, from the existing range, for
which the regime of the hydraulic mixture flow will be super-
critical. It is seen from the formula (5), that the critical diame-
ter value is determined by the product of two terms — the first
one takes into account the effect of the mining complex
productivity, and the second — the dependence on the pulp
preparation system parameters. To study this dependence, the
formula (5) should be written in the following form:

3
2 )7 D
5=[X_J 5-Do.
X+1 D

where:

0 — the relative critical diameter;

D~ —the fictitious technological diameter of the pipe-
line [35], [42]-[44].

The study of dependence (6) by methods of computation-
al mathematics made it possible to offer the following ap-

proximation for a rational range of the pulp formation pa-
rameter changes:

AI‘QS

7
[mj | ©

5=0.712x952 )

Thus it follows, that when there are more than five values
of the pulp preparation parameter, that is, for low-
concentrated pulps (Table 2), the following approximate
formulas are valid:

0.62
x=q%8. 5:0.64(1] .
Ar Ar

By the given parameters of the mining complex and the
system of pulp preparation with the use of formulas (6) and
(7), the critical pipeline diameter is determined, according to
which the nearest smaller diameter is selected from the pipe
assortment. After that, the density and concentration of the
hydraulic mixture, the critical velocity of hydraulic transpor-
tation are calculated, and then, fixing these values, the hy-
draulic slope and the possible pulp supply are determined.
The resulting supply value is compared with the value of the
pulp supply, calculated by the formula (1). If the difference
between the obtained values satisfies the calculation accura-
cy, then the calculations are terminated, if not, then the value
g should be changed and the calculation is repeated anew.

Such an algorithm is not suitable for practical calcula-
tions in a production environment, as it involves an iterative
calculation process, and the convergence of the computation-
al process is dependent on the presence of certain pipes in the
assortment. It is possible to simplify the use of formulas (6)
and (7) in the case when the calculated values of the critical
diameter would be in the range of used pipes. Then, it is
possible to get the dependence of the value q on the relative
critical diameter. The expression (6) after the change of vari-
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able is converted to a quadratic equation, the solution of

which is as follows:
!
q=bD3 [V1+B-1]-(1+v);
B O.943Ar(725 ; @®
g
KwDg

K $w

0.823Q; |
and the expression (7) is converted to the formula:

q =6.829Ar0922p0IDEA18 (1.4 v),

Having substituted the dependence (8) into the formulas
(1)-(3), the expressions can be obtained for determining the
parameters of pulp supplied from the designed unit of pulp
preparation:

7

Q:akagp;

7
Q= aka3p —(1+Vv)Qs;;

p=1+2: ©)
a
Ar+1
=
3
Ar+akap
a=+1+B-1.

4. Substantiation of dependences for
calculating the critical velocity of hydraulic
transporting the mean-concentrated pulp

In the formulas obtained, the diameter of the pipe existing
in the assortment, which is rounded off to the nearest whole
number is used as the critical diameter.

For pulps with mean concentration, the value of the criti-
cal velocity is somewhat reduced compared to the value it
reaches at a concentration of Cy, and for the calculations
with account of the dependence of the relative density of the
pulp on the indicators of the pulp formation process (3), it is
recommended to use the following formula [35]-[40]:

Vip =128 Y0 e =19, (10)

taking this into consideration, as well as dependences (1), it
is recommended to use instead of the above formulas for
calculating the critical diameter of the pipeline:
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= 1+v+q ; (11)
Ar
3
D. — 0.0995ArQs |7 .
K Yw

The form of the approximation function and the simpli-
fied formulas will be preserved, only the coefficients includ-
ed into them will be changed:

5=0.901x%3%:
x=—.
Ar

0.33
5= 0.901[ij .
Ar

For the case of mean-concentrated pulps, the formula of
the form (9) and (10) is invalid, since unlike the formula (6),
when solving the dependence (11), a cubic equation is ob-
tained relative to x from ¢, and its solution form is deter-
mined by the discriminant sign:

7 7 7
,3/5— 31+«/1—£+ 1- -390 | 572
2 27 27 4
X =
7
ﬁcos 1arccos —7 , 57 22,
\/ 3 3 457 4

and the expression for the specific flowrate of water for pulp
formation process is converted to the formula:

q=1.372Ars>%.

5. Substantiation of dependences for
calculating the critical velocity of hydraulic
transporting the highly-concentrated pulp

For pulps with high concentration, the concept of critical
velocity of hydraulic transportation is absent. For such pulps,
the value of the critical pressure drop at the ends of the pipe-
line is considered, at which the acting forces resist the force
caused by the initial shearing stress (ISS) and the slurry be-
gins moving [39], [43]-[44]:

41'0 L
DAP

where:

AP — the acting pressure drop;

L — the pipeline length.

Since for the considered hydraulic transport installations,
the acting pressure drop is created by the geodesic difference:

AP = ppy 9Z

then the above formula takes the following form:
z

L 1

42'0
A 9D
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where:

Z —the geodesic elevation difference of the beginning
and end of the main pipeline.

Thereby, the critical diameter of the pipeline will be:

4T0 L

ka<D; ka:ANg.p_Z.

(12)

It can be seen from formula (12), that for highly-
concentrated pulps the actual diameter of the pipeline should
be higher than the critical one, unlike the pulps with low and
mean concentration, for which the actual diameter should be
less than the critical one.

With account of the research results of the specialists
from the Institute of Geotechnical Mechanics of National
Academy of Sciences in Ukraine [39], [40], [48]-[52] and
foreign scientists [43] on the study of the 1SS dependence on
the pulp concentration [48],[52], [53]:

70 = Kz‘ |n(kTC),

and also dependences (1)-(3), we obtain the following ex-
pression for calculating the relative critical diameter of the
pipeline for highly-concentrated pulps:

Ar
0=(1+y)ln y=—-——;
( y) (Ky) y Ar+1+q+v 13)
K_Ar+1 .~ 4K L
Ar 7 w9z’
where:

K., k. — the approximation parameters.

The study of dependence (13) by methods of computa-
tional mathematics made it possible to offer the following
approximation for a rational range of pulp formation parame-
ter changes (Figs. 1-3):

5=ay+h; a=23.7605k"1%"2; b =0.7169x>273

—— k=100
25 4 —— k=200
—— k=300
204 ---- k=400
—— k=500
15 4 —— k=1000
10 -
5 4
O T T T T T 1
0.2 0.6 1.0 1.4 1.8 22 ¥
Figure 1. Dependence of the relative critical diameter of the pipe-

line for highly-concentrated pulps on the value charac-
terizing the parameters of the pulp formation process

Having substituted the expressions for the approximation
coefficients into the initial equation, and having made the
conversion of the similar summands, we get:

5= 3.761(y + o.1911(0-151),(0.127 .
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41 y=3.7605:""7

R*=0.998

0 2!3(! 4(.|n (w:tu StT'U k
Figure 2. Dependence of the approximation coefficient a on the

parameter k

b y=0.7169x""%
R*=0.9905

(35

0 200 400 600 800 k

Figure 3. Dependence of the approximation coefficient b on the
parameter k

After the replacement of the variable, the last expression
is converted into the following dependence to determine the
parameter of the pulp formation process:

q:{ —lJAr—(l+v),

and having substituted the dependence (14) into formulas
(2)-(3), the expressions can be obtained for determining the
parameters of pulp supplied from the designed unit of pulp
preparation [54]-[56].

It is evident from the above formulas that, unlike low-
and mean-concentrated pulps, the fictitious technological
diameter of the pipeline for highly-concentrated pulps de-
pends on the number of the dam being mined, since the val-
ues L and Z included into the formula are calculated depend-
ing on these parameters of the flood-breaking dams. Having
substituted the expressions for L and Z into the formula (13),
we obtain the following dependence:

3.761x %127

e S (14)
5-0.718+9-278

Dx _ 4K iz 1+ﬂ

- PAw iz iy

; (15)
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ig =Lﬂ£l+—_lz I ]; iz _Zo, i _n.
z Iy 1N LO LO

. 1 b 1

In=—"—:p=— M=— )

™ B4+m p h sina

from which it follows that the influence of the dam number
on the value D~ will be less than 10%, starting from a layer,
the number of which is determined by the formula:

n=01L|14 2" Im

| | .
m k, ——iz

where:

k; — a coefficient of local hydraulic losses;

Lo — the length of the horizontal pipes sections, which are
laid in parallel to the perimeter of the waste dump along the
dams, as well as the pipeline length from the persistent dam
to the processing plant;

iy — an effective geodesic slope of the pipeline;

iL — the relative height of the flood-breaking dam;

im — dam profile parameter form;

iz — fictitious geodesic slope of the unchanged pipeline
part;

n — dam number of the current layer;

S — the relative width of the flood-breaking dam top;

m — outer slope ratio of the flood-breaking dams;

h — the height of the flood-breaking dams;

Zo — the geodesic elevations difference of the beginning
and end of the pipeline from the persistent dam to the pro-
cessing plant;

bo —the width of the flood-breaking dam top;

o — outer slopes angle of the flood-breaking dams.

It can be seen from formula (15) that, depending on the
ratio of values in and iz, an increase in the order number of
the alluviation layer will lead to an increase or decrease in
the value D~=. In the case when in is higher than iz, then with
an increase in n the value D= decreases, and when in is lower
iz — it increases. If these two values are equal to each other or
have similar values, then it can be assumed that the consid-
ered value D= does not depend on the number of the current
alluviation layer and for the entire period of the WD opera-
tion is equal to:

4K,
Ang

D. =

(B+m). (16)

When the condition n > no is satisfied, the expression (16)
will take the following form:

K
44 —% +m), i, >iv;
,DWQ(ﬂ ) m z

D« =
KT

P9

36 (B+m), i <iz.

From the above formulas it follows that at the final stage
of WD filling, the value D~ does not depend on the number
of the current alluviation layer.
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6. Determination of the head and rate
specifications of the hydrotransport pipeline

The pipeline diameter of the considered hydraulic trans-
portation plants is selected from an assortment of available
pipes according to the pipeline critical diameter, and also,
based on the main pipeline ability to provide at a such a
diameter the specified flowrate from the current alluviation
layer, that is, in fact, at a given length and difference in the
geodesic elevations of the main pipeline. To do this, it is
necessary to construct the HRS of the main pipeline for the
studied hydraulic transportation plant, to calculate its pa-
rameters for the selected diameter, to find the pulp supply
at which the head losses will be equal to the geodesic ele-
vation difference, with account of the relative density of
the pulp, and then to compare this value with the required
pulp flow rate.

Using the formula to determine the parameter of the hy-
draulic transportation mode:

K = 3/&0052 a,
p-1

we set in advance the supercritical mode of hydraulic trans-
portation:

1<K<2,

that allows to choose freely from the assortment the diameter
of the pipe, as the velocity margin, conditioned by the homo-
geneous liquid mode, is much higher than the critical veloci-
ty margin, conditioned by the lack of coincidence between
the standard pipe diameters and their critical values.

Thus, having substituted the expressions for the critical
velocity of hydraulic transportation and K in (4), and having
made the appropriate conversions, it is easy to obtain a for-
mula for determining the diameter of the pipeline, which
provides the hydraulic mixture flow in the regime of a ho-
mogeneous liquid:

D{&J?' 0.34U
Iw {cos? ,
|, 1
? _</pl'5 (1+150d)-1 3’ 4
(p-0.4)7
d :dﬂy
D
where:

d — the relative coarseness of transported particles;

U —the value, which accounts the dependence of the
pipeline diameter on the relative density of the hydraulic
mixture, as well as on the relative coarseness of the trans-
ported particles (Fig. 4).

It can be seen from the Figure 4, that the value U varies
slightly in the considered range of the relative pulp density,
and its value is mainly determined by the value of the rela-
tive coarseness of the transported material. Numerical analy-
sis shows that this dependence can be approximated with
engineer accuracy by the following function:
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0.046
U= 0.654[£J ,
d

cp

with allowance of which the expression for calculating the
pipeline diameter will be:

0.207 [ Q j°'45
aldw)

_— (18)
d((:JF.)O48 COSO'3

UN —e— = 0.00005
d=0.00025
—&— J = 0.0005

- d=10.0025

14 p

Figure 4. Dependence of the value U on the relative hydraulic
mixture density at different values of the relative coarse-
ness of the transported particles p

Having substituted the expression (7) into formula (18)
and having made simple conversions, we obtain an equation
for determining the value g for the pulp flow in the regime of
a homogeneous liquid:

) Dz.zdé)blo?%
: 0.03Qs
Having substituted the dependence (18) into formulas (1)
and (2), we obtain expressions for determining the parame-
ters of the pulp supplied from the designed unit of pulp prep-
aration in the regime of a homogeneous liquid [49]-[53].
Substituting the formula (18) into the equation for calcu-
lating the HRS of the main pipeline and equating it to zero,
after simple conversions we obtain an expression for deter-

mining the possible flowrate of pulp through the main pipe-
line in the regime of a homogeneous liquid:

I

cos?® o —(1+v).

0.3
0.113 ,0.048 COS™™ &
Q:[W dcp “nonv

0.207
o (19)
2™ (k,Nvp Ly+n[g+mlh )"
2™l g Zo+nh '
_5-p.
m = m,
my =2 L>-p,
My
m3——2_p;
my
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_ p+0455

m
4T 182

Having substituted the expressions (1) into formula (19)
and having made simple conversions, we obtain an equation
for determining the value q for the flowing of pulp in the
regime of a homogeneous liquid with account of the HRS of
the main pipeline.

During the flowing of the highly-concentrated pulp, the
pipeline departure angle does not affect the hydraulic slope. In
the regime of a heterogeneous liquid for such pulps, the hy-
draulic slope is calculated in accordance with the solution of
the Buckingham equation, which makes possible after some
conversions to write the expression (4) in the following form:

_ppw9rD*

Q:[Ig_pwgDpJ oy

from which it is evident, that the flowrate of the highly-
concentrated pulp will be higher than zero if the condition is
being satisfied:

Co%0

(20)

Co?p

> 1
PPw9D

Iy

which means that for the pipeline diameter, besides the criti-
cal value conditioned by the pressure drop, formulas (12),
there is a critical value conditioned by the hydraulic slope:

Co%o

P> Dig: Dip = PPwdig

(21)

where:

D' —the critical pipeline diameter conditioned by the
hydraulic slope.

When comparing the expressions (12) and (21), it is easy
to verify that the value D', exceeds by 26.38%. Thus, the
choice of the pipeline diameter should be made according to
the condition (21), which, with account of the corresponding
safety factor, can be written in the following form:

Co%p

D= D— .
PPwIlg

o (22)

where:

op — the safety factor along the pipeline diameter.

Most of the values, included into the formula (20), depend
on the hydraulic mixture concentration, so, in addition to the
dependences (2) and (22), the following formulas are valid:

1+ Ar
ArC

k,,C
Q=Q3( —1)Ar;p= ;77=K,7e’7 ,

1 A
1+ Ar
where:

n — the structural viscosity of the slurry;

K, — the proportionality factor;

k, — the exponent;

e — the base of the natural logarithm.

Having substituted these expressions into formula (20) and
having made the appropriate conversions, we obtain the fol-
lowing equation for calculating the hydraulic mixture concen-
tration, which provides the specified freight flow to the pro-
cessing plant by gravity flow in a structural mode (Fig. 5):



B. Blyuss, Ye. Semenenko, O. Medvedieva, S. Kyrychko, A. Karatayev. (2020). Mining of Mineral Deposits, 14(1), 51-61

F(xk)=M;

oo deshc
C(pwgig) ArQSKr]

ekx

Flok)= x(1-x)° In* (150kx) |

ArC _k_1+Ar

= : k
1+ Ar

n-

Ar

In F5

6-

0.3 0.4 0.5 0.6 0.7 X

Figure 5. Dependence of the value InF on x at different values of k
The function F(x; k) is highly non-linear (Fig. 5) and, as

it is shown by the results of numerical studies, can be ap-
proximated by exponential dependence (Figs. 6, 7):

_ A.Bx. , 00179 _ .-
F = Ae ’A_ko.7—49415—1.2537k |
A1
i :
y= 0.0179 07494
R =0.9965
0.006 -
0.003 -
0 ' | | |
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Figure 6. Approximation of the dependence of value A on k

Using the obtained formulas, it is easy to get an expression
for determining the required hydraulic mixture concentration:

E Q-
In| =—— |; =
”[@QJQ"

0.749
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3
(,DWQ ) CK;;
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Figure 7. Approximation of the dependence of value B on k

Using the formulas (1), (2) and (23), an expression for
calculating the value q can easily be determined:

0.9373
1.253k,7

AE Q«
In 3 0.

ig Qs
and then with the help of it, by the formulas (1)-(2), to de-
termine all the parameters for the pulp preparation process.

With an increase in the flow velocity, the core of the flow
is destroyed. After the complete destruction of the flow core,
a turbulent flow regime occurs, in which, according to the

well-known recommendations [40], [41], [54]-[57], the hy-
draulic slope of the pulp will be calculated by the formula:

q=(Ar+1) -1|-v,

715
i—00508 P " (24)
g°D
where:
nt—the Newtonian kinematic coefficient of the slurry
viscosity.

As studies of the solution of the complete Buckingham
equation [10], [11][11] have shown, the disappearance of
the flow core occurs at pulp supply values, subjected to the
following condition:

Q> 257

Dsfo
8 1

n

(25)

that is, the actual pipeline diameter will depend on the
flowrate of the slurry:

D <0.467 3/£ .
70

In the case under consideration, the HRS of the main
pipeline can be written in the form, which, after the substitu-
tion of the formula (24) makes it possible to obtain an ex-
pression for calculating the pulp supply:

8 39

< \ig P ~71c

Q =1.5(gig |15 -15—D15 .
(o5 2

(26)

(27)
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Therewith, the condition (25) will be satisfied for the fol-
lowing diameters:

Inequation (26) from the known parameters of the mining
complex and pulp preparation system enables to assess the
critical pipeline diameter. The actual pipeline diameter is
selected from the pipes assortment like the closest diameter
smaller than the critical value. When the pipeline diameter is
known, the density and concentration of the hydraulic mix-
ture, the initial shearing stress and the structural viscosity of
the suspension can be determined. Thereafter, by the formula
(27), the possible hydraulic mixture supply is calculated, the
value of which is compared with the regulated supply value.
If the difference between the obtained values satisfies the
calculation accuracy, then the calculations are terminated, if
not, then the value q should be changed and the calculation is
repeated anew.

7. Conclusions

Based on the material above, the following peculiarities
can be noted of calculating the hydromechanization technol-
ogies parameters for mining the technogenic deposits in the
waste dumps of mining and processing enterprises when
using highly-concentrated pulps.

For highly-concentrated pulps, the actual pipeline diameter
should not be less than for low and mean-concentrated pulps,
but greater than the critical value. Besides, unlike low and
mean-concentrated pulps, the fictitious technological diameter
of the pipeline for highly-concentrated pulps depends on the
number of the dam being mined. The research results of the
pipeline fictitious technological diameter value for highly-
concentrated pulps from the number of the dam being mined
indicate the complex nature of this dependence. This depend-
ence nature is determined by the ratio of the fictitious geodesic
slope of the unchanged pipeline part and the profile parameter
forms of the flood-breaking dam. Thus, an increase in the
order number of the alluviation layer will lead to a decrease in
the fictitious technological diameter value of the pipeline for
highly-concentrated pulps, in case when the value of the pro-
file parameter forms of the flood-breaking dam is greater than
the fictitious geodesic slope of the unchanged pipeline part.
And vice versa, if the value of the profile parameter forms of
the flood-breaking dam is less than the fictitious geodesic
slope of the unchanged pipeline part, then the value of the
fictitious technological diameter of the pipeline for highly-
concentrated pulps will increase with increasing the order
number of the alluviation layer. If these two values are equal
to each other or have close values, then it is possible to assume
that the considered value of the fictitious technological diame-
ter of the pipeline for highly-concentrated pulps does not de-
pend on the order number of the current alluviation layer, and
for the entire period of the waste dumps exploitation.
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Pe3yabTaTn. BcTaHOBICHO KPUTHYHUIN AlaMeTp TPyOOIPOBOLY 110 33AaHHUX [TApaMeTpax BUI00YBHOTO KOMIUICKCY i IPUHHATOI CHCTEMHU
MyJILIIONPUTOTYBaHHS. BH3HAYEHO 3a/IXKHOCTI 171 PO3PaxyHKY KPUTHYHOI IIBUAKOCTI TiPOTPAHCIOPTYBAHHS ITyJIbI CEPEIHbOI i BUCOKOT
KOHLIEHTpalii. BusHaueHo BUTpaTHO-HAMIPHI XapaKTEPUCTUKU TAPOTPAHCIIOPTHOT MaricTpali XBOCTIB 30aradyeHHs.

HayxoBa HoBH3HA. Briepiie BCTaHOBIICHO, IO BEJIMYMHA KPUTHYHOTO JliaMeTpa BU3HAYAETHCS TOOYTKOM JBOX CHIBMHOXKHUKIB, Hep-
M 3 KOTPUX BPaxoBY€E BIUIUB ITPOTYKTHBHOCTI BUIOOYBHOI KOMIUIEKCY, a APYTHUIl — 3aJI€XKHICTh BiJl ITapaMeTPiB CUCTEMH IyJIBIIONIPUTOTY-
BaHHS, 1[0 JJO3BOJISIE YIPABIATH ITapaMeTpaMH Ta PeXXUMaMH TEXHOJIOTIH TigpoMexaHi3amii mpu po3poOIli TEXHOTEHHNX POJIOBHII, ChOPMO-
BaHUX Y TPOIICCi CKIayBaHHS BiXO/IIB 30arayeHHs B CXOBHIIIA.

IpakTnyna 3HayuMicTs. Po3pobneno “Pexomenpartii 3 oOIpyHTyBaHHS NapaMeTpiB MPOILECiB BIAHOBICHHS aKyMYJIOI04YO0i 31aTHOCTI
NpyJaKa 3 BUKOPHCTaHHAM 3aco0iB rigpomexanizamii” i “MeToauky po3paxyHKy MapaMeTpiB TiAPOTPAHCIOPTYBAHHS BHCOKOKOHLIEHTPOBA-
HUX TiIpocyMmimei”, siki MOXKyTb OyTH KOPHCHI Ul MPOEKTHUX OpTaHi3amiid Ta TipHUYO-METaNypriflHUX MigIPHUEMCTB I 3a0€3MeUeHHS
JOJATKOBHX 00CATIB BUAOOYTKY CUPOBHHHU 1 301IBIIEHHS TEPMiHY €KCIUTyaTallii XBOCTOCXOBHIII.

Knrwuosi cnosa: ciopompancnopm, mexnozenHi pooosuwa, 2i0pocymi, 6UMpPAmMHo-HANIPHI XapaKmepucmuKu, UCOKA KOHYEHMpAayis

Onpeﬂe.ne}me mapamMeTpoB TEeXHOJIOT Ml rHaApoMexaHu3aluu
JJIsL paSpaﬁOTKl/l XPpaHWINII KaK TEXHOTCHHBIX MeCTOpO)KIleHHﬁ

B. brroce, E. Cemenenko, O. Mensenesa, C. Kupuuxko, A. Kaparaes

Lean. Onpenenenne 1 000CHOBaHHE IAPaMETPOB TEXHOJIOTHH THAPOMEXaHH3AIUH U PEKUMOB pabOTHI THIPOTPAHCHOpPTA Ul paspa-
OOTKH TEXHOTE€HHBIX MECTOPOXKICHHH, C(HOPMUPOBAHHBIX NPH CKIAAUPOBAHWMHM OTXOJOB OOOTAMIEHHS B XBOCTOXPAHWIMINAX TOPHO-
00oraTuTEeITHHBIX KOMOWHATOB.

Metoauka. B paboTe uCmons30BaH KOMIUICKCHBIX MHOTOSTAITHBIN aHAJMTUYECKUH MOAXOJ K MPOBEACHHUIO MccienoBaHus. [lepBoHa-
YanpHO B paboTe Asi 00OCHOBAaHUS MAapaMETPOB TEXHOJOTHH THAPOMEXAHU3AUH aHATMUTHUECKH OMPENSISUINCH apaMeTphl y3ia IyJIbIo-
HPUTOTOBJICHNUS, KOTOPBIE OrPaHMYMBAIOTCS BEJIMYMHON BepXHEro rpeOHs 1aMOBI ¢ y4eTOM THIIOB ruapocMecH. Ha Bropom sTame ycranas-
JIMBAJIMCh 3aBUCUMOCTHU JUIS pacdyeTa KPUTUYECKOH CKOPOCTH THMAPOTPAHCHOPTUPOBAHUS VIS IyJIbI Pa3HOIl KOHLEHTpaLuuu (HU3KOH, cpen-
Hell 1 BBICOKOIT). ClieTyIoImuM 3TaroM HCClIeJOBaHUH OBUIO ONpeseeHHe PacXoJHO-HAOPHBIX XapaKTepPUCTUK THAPOTPAHCIIOPTHON Maru-
CTpaJu M TpeOyeMoil MPON3BOIUTENEHOCTH THIPOCMECH, KOTOPHIE HO3BOJIAT 000CHOBATH MapaMeTphl Ul COOTBETCTBYIOIIETO JTOOBIYHOTO
KOMIUIEKCA IIPU pa3paboTKe TEXHOT€HHBIX MECTOPOXKICHUH.

Pe3yabTaThl. YCTaHOBICH KPUTUYECKUI TUaMETp TPyOOMpoBOJa IO 33JaHHBIM IapaMeTpaM JOOBIYHOTO KOMIUIEKCAa W MPUHATOHN ch-
CTEeMBI MyJIbNONPUTOTOBICHH. OnpeaeneHbl 3aBUCUMOCTHU IS pacyeTa KPUTHIECKOW CKOPOCTH THAPOTPAHCIIOPTHPOBAHHS ITYJIBI CPEAHEH
U BBICOKOH KOHIIEHTpauuu. OnpeneseHsl pacX0JHO-HAIIOPHBIE XapaKTEePUCTUKH THAPOTPAHCIOPTHON MAarkCTPaid XBOCTOB 00OTall[eHUS.

Hayunas HoBu3HA. BriepBble yCTaHOBICHO, YTO BEIMYMHA KPUTHYECKOTO THAMETpa ONpEAeNseTCS MPOU3BEICHUEM JABYX COMHOXKHUTE-
JIel, IepBBI U3 KOTOPBIX YUUTHIBACT BIMSHHE NPOU3BOIUTEIBHOCTH JOOBIYHOTO KOMIUIEKCA, @ BTOPOH — 3aBUCUMOCTH OT ITapaMeTPOB CH-
CTEMBI ITYJIBIONPHUIOTOBICHHUS, YTO MO3BOJISIET YNPABIATh MapaMeTpaMH M PEKMMaMH TEXHOJIOTHH THIPOMEXaHU3alllH IpH pa3paboTke
TEXHOTEHHBIX MECTOPOXKICHHUH, CHOPMHUPOBAHHBIX B MPOIIECCE CKIAANPOBAHHS OTXOA0B 00OTAIlleHNs B XPAaHMIIUIIA.

IMpakTHyeckasi 3HAYNMOCTB. Pa3paboransl “PexoMennanuu mo 000CHOBAaHHIO APAMETPOB MPOIIECCOB BOCCTAHOBIICHUS aKKYMYITHPY-
oIl CIIOCOOHOCTH TMpPY/AKa C UCIIONB30BAaHUEM CPEIICTB THAPOMEXaHU3alnu’ | “MeTOAMKN pacueTa mapaMeTpoB THIPOTPAHCIOPTHPOBA-
HUS BBICOKOKOHIICHTPUPOBAHHBIX THIPOCMECEH”’, KOTOPBIE MOTYT OBITH MOJIE3HBI TSl IPOSKTHBIX OPTAaHU3AIMHA U TOPHO-METAILTY PTHYECKAX
TIPEANPHUITHH I 00eCTICUSHHS TOTIOTHUTEIEHBIX 00hEMOB JOOBIUM CHIPhS U YBEIHMUCHUS CPOKA IKCIUTYaTAI[MH XBOCTOXPAHIIIHIII.

Knrouesvie cnosa: cuopompancnopm, mexHo2eHHvle MeCnmopo#COeHUs, UOPOCMECH, PACXOOHO-HANOPHbIE XAPAKMEPUCMUKU, 8bICOKAS
KOHYeHmpayus
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