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Abstract

The clarification of contaminated mine water by means of sedimentation in designated water collectors is
accompanied by a gradual decrease in their effective volume due to siltation. The operation of pumping units
within the drainage facility under conditions of silted water collectors at underground mining site adversely
affects both their service life and energy efficiency. To prevent severe degradation in pump operating conditions,
silted underground water collectors are regularly taken out of operation for cleaning, using self-propelled
equipment. As Russian kimberlite mines reach their design capacity, the interval between cleaning cycles of
the local drainage system’s water collectors has significantly decreased. Currently, at kimberlite mines, the
cleaning of silted water collectors is routinely carried out using all available load—haul-dump (LHD) machines
operated by the mine’s Mechanical and Power Service. The expansion of the LHD fleet is constrained by the
high cost of these machines. In this context, reducing the intensity of mine water contamination entering
the water collectors of the local drainage system has become a pressing and practically significant objective.
Mathematical modeling has shown that a substantial reduction in mine water contamination within the local
drainage system of a kimberlite mine can be achieved by eliminating sludge formation caused by ore spillage
during transfer from the feeder to the main level conveyor belt. To eliminate this source of sludge formation,
a mechanized system for collecting ore spillage has been developed, with a specially designed collecting and
loading unit as its key component.
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AHHOTauusa

OcBeTieHue 3arpsa3HEHHBIX HIaXTHBIX BOA ITyTeM OTCTaMMBAHMS B CII€LIMa/IbHBIX BOILOC60prIX €MKOCTSIX CO-
IIPOBOKOAETCs ITOCTEII€EHHbIM CHIV)KEHUEM UX paGoqero o6beMa 13-3a 3aMJIeHUS. 3KC1'[I[yaTaLU/IH HaCOCHBIX
arperaToB KOMIIJIEKCAa BOAOOT/IMBA B YCJIOBUSX 3aMJIEHHBIX BO,E[OC60pHI/IKOB IMOA3€MHOI'0 TOPHOTO IMpearpm-
TN HeTaTUBHO OTPa’>kaeTCd Ha UX JOJITOBEYHOCTU U 3HepI‘03(1)(1)eKTI/IBHOCTI/I. ,H,)'[f{ HeOoIymeHms CMJIbHOTO
YXyaouieHusA yCJ'IOBMV[ SKCIJIyaTaoluM HACOCHOIO 060py&0BaHIAH 3aUJIEeHHbIe BOHOCGOprIe €MKOCTU pery-
JISPHO BBIBOJSTCS M3 PaGOThI B IEJISIX UMCTKY OT OCEBIIMX MPOAYKTOB 3aM/I€HMS C TIOMOIIbI0 CAMOXOIHOM
TexHUKU. C BbIXOIOM KMMOEpPIUTOBbIX PYAHUKOB PD Ha MPOEKTHYI0 MOIIHOCTb MEPUOJUYHOCTh PAOOTHI
BO,Z[OC60pHI/IKOB Y4aCTKOBOI'O BOAOOT/IMBA MEXAY YMCTKAMM 3aMETHO CHM>KAeTCH. B HacCTosAIIee BpeMs Ha
KI/IM6epJ'II/ITOBI>IX PYAHMKAX YMCTKa 3aMJI€EHHbIX BO,E[OC60pHI/IKOB CuUcTreMaTnyeCkKm InmpomucxoauT C 33.,[[6]71-
CTBOBAHMEM BCE€X MMEIOIIMXCA IMOrpy30YHO-AO0CTABOYHBIX MalllMH MGXHHOSHepI‘eTI/I‘IECKOI‘/JI CJ'[Y)KGBI. VBe-
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OBYMHHWMKOB H. . CHWxeHne 3arpAsHeHnd WaxTHbIX BOA B CMCTEME Y4aCTKOBOIro BO4OOT/INBA KVIM6ep!'Il/1TOBOI'O pyaAHnKa

JuyeHye pabovero napka ykasaHHbIX MAlllMH COEPXKUBAETCS UX AOPOrOBU3HO. B CBSI3M ¢ 3TUM CHIDKEHUE
MHTEHCUBHOCTY 3arps3HeHMS IMaXTHBIX BO, ITOCTYIIAIOIIMX B BOLOCOOPHMKY YUaCTKOBOIO BOHOOTINBA,
SIBJISIETCS aKTYaJIbHOI 3a7jaueil U MpeCTaBIsieT MpakTuueckuit matepec. [1o pe3ynbraTaM MaTeMaTUYeCKO-
rO MOJIeTMPOBAHMS YCTAHOBJIEHO, UTO SOOUTHCS CYIIECTBEHHOTO CHVKEHUS MHTEHCUBHOCTU 3arpsI3HEHUS
IIAXTHBIX BOJ B CHCTEME YYaCTKOBOTO BOAOOT/IMBA KMMOEPIUTOBOTO PYIHMKA MOXKHO IyTeM JTUKBUIAIAN
1IJIaMO06Pa30BaHNi, BO3HUKAIOUIMX B Pe3Y/IbTATE MIPOCHITIA PY/IbI IPY MTEPETPY>KEHUY C IIUTATEIS HA JIEHTY
KOHBejiepa OCHOBHOI'O FOpM30HTAa. /i ycTpaHeHMs yKa3aHHOIo MCTOYHMKA IIJIaMo0o6pa3oBaHus ObIT pas-
paboTaH MexXaHM3VPOBAHHbIN KOMILIEKC IO COOPY MPOCHIMAaHHOI TOPHOI MAacChl, Iie KIIYeBbIM 3/I€eMeH-
TOM SIBJISIETCST 3A00PHO-TIOTPY30YHOE YCTPOICTBO.

KnioueBble cnoea
KUMOEPIUTOBBIN PYOHMK, MAXTHbIE BOMAbI, YIACTKOBbI/I BOAOOTIMB, BOSOCOOPHUK, OCBETIEHNME, 3auUjIeHIe,
LL[J'IaMOO6paSOBaHI/[e, IIPOCHIIT PpyAbl, SHepI‘OI-)dJ(bEKTI/IBHOCTb, MaTeMaTn4YeCKoe Moae/JIMpoBaHne, TeXHOJIOI M-

Yyeckoe pelieHue
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Introduction

At present, a significant share of solid mineral
deposits worldwide is being developed using under-
ground mining methods. In the foreseeable future,
the number of mining operations transitioning to un-
derground extraction of mineral resources is expected
to grow steadily.

Underground mining of solid minerals is typically
accompanied by the inflow of mine water into under-
ground workings. Ultimately, this water is pumped to
the surface by the drainage facility’s pumping equip-
ment [1, 2].

One of the key characteristics of mine water is the
presence of insoluble mechanical impurities, which
cause abrasive wear on metal components when they
come into contact with pump elements [3-5].

At underground mining sites, mine water is cla-
rified by sedimentation in designated water collectors
and settling tanks [6].

Sedimentation of contaminated water gradu-
ally reduces the storage capacity of these collec-
tors due to siltation. A decrease in their effective
volume inevitably lowers the efficiency of water
clarification and adversely affects both the service
life and energy efficiency of the drainage system’s
pumps [7-10]. In critical cases, this may even lead
to suspension of mining operations due to floo-
ding risks. The main cause of such scenarios is the
accelerated hydroabrasive wear of pump flow-path
components [11, 12]. To prevent this, silted water
collectors are regularly taken out of service for re-
moval of settled sludge, using self-propelled equip-
ment operated by the mine's Mechanical and Power
service (MPS), primarily load-haul-dump (LHD)
machines [13, 14].

Operational experience at Russian kimberlite
mines indicates that, as these mines reach their
design capacity, the interval between cleanings of

water collectors within the local drainage facility is
significantly reduced and may, in some cases, be as
short as three days [15]. This situation clearly under-
scores the need to expand the fleet of LHD machines
operated by MPS, as the collection and hauling of
settled sludge often require the full set of available
equipment. The failure of even a single LHD unit can
severely disrupt the cleaning process. However, the
procurement of additional LHDs for the MPS is cur-
rently under review due to their high cost. Moreover,
the reduced operating interval between cleanings
increases the operational expenses associated with
maintaining the existing MPS fleet [16].

A decrease in the rate of siltation in the water
collectors of the local drainage facility — under con-
ditions where the kimberlite mine is operating at de-
sign capacity — can be achieved by limiting the entry
of sludge-forming materials.

Notably, no prior studies have been conducted to
identify and quantify the contribution of individual
sludge formation sources to mine water contamina-
tion at kimberlite mines.

The aim of this study is to determine the pri-
mary sources of sludge formation that accelerate sil-
tation in the water collectors of the local drainage
facility at kimberlite mines, and to propose a techno-
logical solution to mitigate their impact.

To achieve the stated objective, the following
key tasks must be addressed:

- to develop mathematical models of sludge for-
mation within the local drainage facility, taking in;

- to assess the relative contribution of indivi-
dual sludge formation sources to mine water con-
tamination within the local drainage facility at kim-
berlite mines, and to identify the most significant
among them;

—to develop and substantiate a technological
solution aimed at minimizing the impact of sludge
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formation sources on mine water contamination
within the local drainage facility at kimberlite mines.

The primary research methods employed in this
study were visual observation and mathematical
modelling.

Study site description

Extensive observations of mine water contami-
nation processes at the water collectors of the local
drainage facilities at kimberlite mines operated by
ALROSA indicate that the origins of sludge formation
are highly diverse.

At Russian kimberlite mines employing the con-
ventional (layered) mining method, typical sources of
sludge formation include secondary by-products of
backfilling operations. In particular, this refers to slur-
ry generated during the flushing of clogged pipeline
segments with water, and, less frequently, to leakage
of backfilling mixture from damaged sections of the
isolation wall in the backfilled workings. Occasional
failures of the isolation wall are typically attributed
to violations of standard backfilling procedures [17].

At water-bearing kimberlite mines that imple-
ment backfilling of the mined-out voids, another com-
mon source of sludge formation is sludge composed of
broken rock mass particles excavated by a tunnelling
roadheader during production activities.

A distinct feature of sludge formation at the
Udachny kimberlite mine, which operates using the
block caving method, is the systematic spillage of
sludge materials from the skip during hoisting to the
surface. This issue is caused by the low structural re-
liability of the bottom discharge gate responsible for
emptying the skip [18].

Regardless of the selected underground mining
method, conventional sources of sludge formation at
kimberlite mines include: pulp containing kimberlite
ore spilled during transfer from the feeder to the belt
conveyor; sludge discharged from the bucket of an
MPS-operated LHD during the transportation of set-
tled sludge; and sludge generated during high-pres-
sure washing of the working strand of the conveyor
belt, performed to eliminate or mitigate damage
caused by a rupture [19, 20]. Conveyor belt ruptures
typically result from wear caused by shaft construc-
tion debris or from overloading.

Mathematical models of sludge formation within
the local drainage facility at a kimberlite mine
According to visual observations of mine water
contamination processes within the local drainage fa-
cility of a kimberlite mine, the total daily volume of
sludge formation during diamond-bearing ore extrac-
tion can be estimated for two mining methods: cu-
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t-and-fill mining with backfilling of mined-out voids -
V,, m* and block caving - V,, m®, as follows:

‘/cf = Vﬂush + ‘/Ieak + ‘/exc + ‘/spiII + Vwash + VLHD’ (1)
V.bc = ‘/spiII + Vwash + ‘/skip + VLHD 4 (2)
where Vj,,, — volume of sludge formation resulting

from the flushing of clogged segments of the backfil-
ling pipeline, m?; V,,,, — volume of sludge formation
caused by leakage of backfilling mixture from a da-
maged section of the isolation wall, m3; V, . — volume
of sludge formation, in which the solid phase con-
sists of broken rock mass excavated by a tunnelling
roadheader during production operations, m*; V, ;, -
volume of sludge formation whose solid phase con-
sists of kimberlite ore spilled during transfer from
the feeder to the conveyor belt, m3; V, ., — volume
of sludge formation resulting from washing of the
working strand of the conveyor belt, m*; V,,, — vo-
lume of sludge formation resulting from the spillage
of settled solids from the skip, m*; V,,, — volume of
sludge formation resulting from the spillage of set-
tled solids (sludge) from the bucket of an MPS-ope-
rated LHD machine, m3.

The value of V;,, is defined as:

Vﬂush = kbackﬁll nﬂush Spipekv ) (3)

where k. is the coefficient accounting for the time
required for stope mining t,, preparation t,, and fil-
ling with backfilling mixture t;; ng,, is the number of
times the backfilling pipeline is flushed during the
filling of a single mined-out stope with backfilling
mixture; S, . is the cross-sectional area of the back-
filling pipeline, m?; 1, is the length of the backfil-
ling pipeline section being flushed, m; k, is the co-
efficient accounting for the total volume of clogged
pipeline segments.
The coefficient k., is calculated as:

1
kbackﬁll = t+f 4+t (€))
1 2 3

According to observations of backfilling opera-
tions at the Mir and Internatsionalny mines, the re-
sidual coefficient k,,;, is taken as 0.2.

The value of V,,, is determined as follows:
86400
Vieae = KoKyaaag t—VI’ (5)

flowl

where k, is the coefficient accounting for the risk of
drainage of the backfilling mixture from the isola-
tion wall of the backfilled working; t;,,, is the time
required for the water flow to carry the volume of
backfilling mixture leaking per second from the
damage V,, s.
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The time t,,, is calculated as:
b,h,l

t __ww fowl 6

frovt qprod ( )
where b, and h,, are the width and depth of the water
flow entraining the backfilling mixture into the local
drainage water collector, m; [,,,, is the horizontal dis-
tance from the leakage point of the backfilling mix-
ture to the water collector, m; q,,,, is the water inflow
at the production level, m?3/s.

The volume V, is equal to:

\%
‘/1 — layer , (7)

tI
where V., is the volume of the backfilling mixture
layer, m®; ¢, is the time during which the mixture layer
leaks from the isolation wall, s.
The volume V,__ is given by:

layer
V.Iayer = bklkhlayer ’ (8)

where b, and [, are the width and length of the mined-
out stope, m; hy,,, is the height of the backfilling mix-
ture layer in the mined-out stope, m.

The time ¢, is calculated as:

V, 2h

layer layer

t = : ,
' ~86400S__h o ©)

crack” “layer

where S, is the area of the crack in the isolation wall
of the backfilled chamber through which the backfil-
ling mixture leaks, m?.

The volume V,, is calculated as follows:

exc

A,
v =kk —2—,
exc sl “trans tﬂowzp, (10)
where k is the coefficient accounting for the ratio
of solid to liquid phases in the sludge; k,,, is the
coefficient accounting for the proportion of excavated
rock mass transferred from the production level to the
main level of the kimberlite mine; t;,,, is the time it
takes for the excavated rock mass to be transported
by water flow per second, s; A, is the mine’s output,
kg/day; p, is the average density of the excavated rock
mass, kg/m?.
The time t,,, is determined as:

b,hl

t _ “wiw flow2 11
flow2 — ’
qprod ( )
where [, is the average horizontal distance between
the site of broken rock accumulation and the water
collector of the local drainage system, m.
The volume V,, is calculated as:

o 104

V loss ? (12)

spill —
flow3 pr
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where ¢, is the time it takes for kimberlite ore spilled
during transfer from the feeder to the conveyor to be
transported by water flow, s; k., is the coefficient ac-
counting for the quantity of spilled ore.

The time t;,,; is calculated as:

b,h]1

E s = v W flows | (13)
qmain
where [, is the average horizontal distance from the
location of kimberlite ore spillage to the local drain-
age water collector, m; q,,,;, is the water inflow at the
main production level, m3/s.
The coefficient k,  is calculated as:

loss

86400m,_ ,,

kloss :T’ (14)

where mg,, is the mass of spilled rock material per
second, kg.

According to field studies conducted at the Udach-
ny and Mir mines, m,;, = 0.5 kg at A; = 11,000 t/day,
mg,; = 0.1kgat A= 2,700 t/day.

The volume V, , is determined as:

Vwash = kfailureksl‘/conv ’ (15)
where k;,

Jwre 18 the coefficient accounting for the con-
veyor belt service life; V,, is the conveyor belt capa-
city, m®.

The coefficient k

failure

is calculated as:

24
kfailure = t_ ’ (16)
belt
where t,,, is the average conveyor belt service life, h.
The volume V., is defined as:

conv

v.=b 1 H

conv conv-conv™ ~ layer ? (17)

are the width and length of the
is the height of

where b, and [,
conveyor belt, m, respectively; H,,,,
the transported rock mass layer, m.

The volume V. is calculated as follows:

skip
Vskip = kspin,skipkﬁn,skipnskipVvessel’ (18)
where kg, ;, is the coefficient accounting for the

spillage intensity of the skip contents during the
hoisting of sludge to the surface; kg 4, is the coeffi-
cient accounting for the skip filling with sludge; n;,
is the number of skips hoisted to the surface per day;
V.5t 1S the capacity of the skip, m3.

Vi
The coefficient kg, ;, is calculated as follows:

‘/spill,skip

T 19)

kspill,skip
fill,skip ‘/vessel

where V_,, ., is the volume of sludge spilled from the

skip during a single hoisting cycle, m3.
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According to field studies conducted at the
Udachny mine, V,; 4, = 0.05 m*® at Aj = 11,000 t/day

(skip carrying capacity = 30 t).
The volume V,,,;, is determined as follows:

V. =k k n.v

tap = Kpin tep® i, o Yrip V bucket » (20)

where k. is the coefficient accounting for the
spillage intensity of LHD machine bucket contents;
kg 1 18 the coefficient accounting for the filling rate
of the LHD bucket; n,,, is the number of trips made by
one machine per day; V, ., is the bucket capacity of
the LHD machine, m3.

The coefficient k,,; ., is calculated as follows:

\%

L :M’ 21
e kﬁII,LHD vaucket
where V_,, , is the volume of sludge spilled from
the bucket of the MPS-operated LHD during a single
trip (m®)

According to field observations conducted at
the Udachny and Mir mines, V., = 0.02 m*® at
Vipucker = 3-5—4 m®.

Taking into account the transformation of ex-
pressions (3)—(21) through arithmetic operations,
the values of V(1) and V,, (2) take the following

form:
t +t, +t;
N 1 ) ) 86400qpmd . 864OOScmckh1ayer
tl + tz + t3 0 bwhwlﬂowl \/Zhlayer
g
q rodAO
_ 4| k —Zprd” 0 1 +
‘/Cf = sl bwhwlﬂowzp, trans] (22)
10q,, .
+| k, ——er—.86400m_ . |+
! bwhwlﬂow?)pr Sw”J
+ & ksl bconvlconvhlayer j +
belt
+ (Vspiu,LHDntrip )
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and

10q, .
k, ——ran .86400m_ .
{ ! bwhwlﬂow?:pr Spmj

24
Vbc =<+ £_ ' kslbconvlconvhlayerj : (2 3)

belt
+ (‘/;pill,skip + nskip )

+(V n )

spill, LHD" “trip

Thus, two mathematical models of sludge for-
mation were developed, taking into account the spe-
cific conditions of the local mine drainage system
and the characteristics of underground kimberlite
ore mining.

Classification of sludge formation sources
within the local mine drainage system
in a kimberlite mine
The proportional contribution of each individual
sludge formation source, A,, to mine water contami-
nation within the local drainage system of a kimber-
lite mine is determined as follows:

.V
Al =—

sludge

where V, is the daily sludge volume from source i,
m*; V.. is the total daily sludge volume, i.e., V ; or
V,.» depending on the selected underground mining
method for the kimberlite ore deposit, m®.

To determine the values of V; and V., the pre-
viously derived mathematical models (22) and (23)
are used.

Table 1 presents the calculated values of V;and
V,.» as well as their components, with reference to the
Mir and Udachny kimberlite mines.

Fig. 1 shows the contribution of previously identi-
fied sludge formation sources to mine water contam-
ination within the local drainage systems of the Mir
and Udachny mines.

According to the conducted studies, the main

contributors to mine water contamination at the Mir

Results of calculations of sludge formation volumes V;, V , and V,, Table 1
Mir Mine Udachny Mine
Vpun = 396 0 Vopu = 3.35 m’ Vi = 23.19 m® Vo= 0.14 m*
Vear = 06407 Viasn = 0.77 m? Vst = 0.0024 m® _
Ve =4.84 m? Vi =0.01 m3 Vaip =7.5m?* _
V=13.55m* V., = 30.83 w5
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mine are sludge formation volumes V,, Vj,, and
Vu» While at the Udachny mine they are V, ;, and V.
In both cases, V, ; represents a major contributor, ac-
counting for 24% and 75% of the total sludge forma-
tion volume, respectively.

These findings are relevant to both operating and
future water-bearing kimberlite mines operated by

ALROSA.

Development and justification of a mechanized
system for collecting spilled rock mass
To minimize the impact of sludge formation vol-
ume V,,;, on mine water contamination under local
drainage conditions at kimberlite mines, a mech-
anized system for collecting spilled kimberlite ore
(hereinafter referred to as “the mechanized system”)

Vwash
6%
‘/spill ~
24%
Vexc/
36%

elSSN 2500-0632
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has been developed. This system is most effectively
installed in the ore transfer zone between the feed-
er and the conveyor belt, as the majority of spillage
occurs beneath the conveyor in this area. This zone
accounts for 65—-70% of the total solid phase contrib-
uting to sludge formation volume V.

In view of the above, it can be concluded that un-
der conditions of underground kimberlite ore mining
using backfilling systems, practical implementation
of the proposed technological solution can reduce
the intensity of mine water contamination in the lo-
cal drainage system by approximately 16%. In mines
that use block caving methods, the expected reduc-
tion may reach a factor of two.

The operating principle of the mechanized sys-
tem is illustrated in Fig. 2 [19].

Viup

‘/skip
24%

\‘/spill
75%

b

Fig. 1. Contribution of sludge formation sources to mine water contamination at the Mir (a) and Udachny (b) mines:
1- Vﬂush; 2- ‘/Ieak; 3- Vexc; 4- ‘/spill; 5- Vwash; 6- ‘/skip; 7 - VLHD

«’2’&3 1<
)

PO

OOTXXKS,

Fig. 2. Mechanized system for collecting spilled ore: I - feeder; 2 — belt conveyor; 3 — partition;

4 - collection and loading unit; 5 - sludge collector; 6 — water collector; 7 — submersible pump;
8 - submersible pump with agitator; 9 — pulp collection tank

174


https://mst.misis.ru/

% MINING SCIENCE AND TECHNOLOGY (RUSSIA)

FOPHbIE HAYKU WU TEXHOJ10IMA
2025;10(2):169-179

During the transfer of kimberlite ore from feeder
1to conveyor belt 2, the spilled rock mass accumulates
on the floor of the level in an area separated from the
rest of the under-conveyor space by partition 3. The
collection and loading unit 4, mounted on the side of
the conveyor support frame, gathers the spilled ore.
Using rotating arms, this unit moves the sludge-for-
ming material into the sludge collector 5. Mine wa-
ter flowing into the level, which previously carried the
spilled material toward the local drainage system, is
now diverted into the water collector 6, thus avoiding
contact with the settled solids. From the water collec-
tor, the water is pumped by submersible pump 7 into
the local drainage facility’s water collectors. A portion
of this water is systematically diverted via a branch of
the pump 7’s discharge pipeline into the sludge col-
lector 5, where it is mixed with the accumulated rock
material by the agitator of submersible pump 8, form-
ing a slurry. This slurry is then pumped into the pump
collection tank 9. Through the tank’s drain valve, it is
evenly redistributed onto the conveyor belt.

To control the flow of water into sludge collec-
tor 5, the end of the branch pipeline from pump 7 is
equipped with a ball valve.

Submersible pumps 7 and 8 must be fitted with
automated control systems to ensure timely startup
and shutdown based on the fill levels of the water col-
lector 6 and sludge collector 5.

The collection and loading unit consists of a gear
motor 1, a disc 2, a shaft 3, arms 4, and couplings 5
(Fig. 3). The shaft, threaded at one end, is screwed
into a central threaded hole in the disc. A coupling is
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mounted on the opposite end of the shaft. The arms
are press-fitted into the disc slots. Components 2, 3,
and 4 form the sweeping star. The gear motor is se-
cured using bolted connections 6 inserted into slotted
holes 7 of a channel section 8 welded to the side of the
conveyor support frame 9. This slot design allows for
both vertical and horizontal adjustment of the gear
motor when connecting it to the sweeping star via the
couplings.

To reduce the energy consumption of the unit,
the arms 4 are made of lightweight materials such
as wood or composites. Additionally, these materials
are less susceptible to the aggressive effects of highly
mineralised mine water.

The recommended ratios between the geometric
parameters of the collection and loading unit compo-
nents are as follows:

R - 1:3; 1

disk * larm arm-in-slot

where R, is the radius of the disk; [, is the length
of the arm; [, ;... 1S the length of the arm section
inserted into the disk groove; b,,,, is the thickness of
the arm.

The operating parameters of the collection and
loading unit depend on the number of arms z,,,
the diameter d,,,, and the rotational speed n,, of
the sweeping star [21, 22]. The number of arms z,,,
ranges from 1 to 8, and the rotational speed n_ is
24-45 rpm [22].

The operating costs of the mechanized system
are largely determined by the electricity consumed

by the gear motor of the collection and loading unit.

"Ry~

1:2; b, :1

arm—in-slot

1:4,

Fig. 3. Collection and loading unit: 1 — gear motor; 2 — disk; 3 - shaft; 4 - arm; 5 — coupling; 6 — bolted connection,;
7 — slotted hole; 8 - channel section; 9 - side of the conveyor frame
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The power consumption of the gear motor P,,,,
kW, is determined as follows:

_(M,+M,)n

star

met 9550-m

where M, is the static torque on the sweeping star,
N-m; M, is the resisting torque on the sweeping star,
N-m; 7 is the efficiency of the gear motor.

The torque M, is given by:

— 27Tlnstalr
' 60t

time
where I is the moment of inertia of the sweeping star,
kg-m?; t,,. is the set time for acceleration or decelera-
tion of the sweeping star, s.

The moment of inertia I is calculated as:

(25)

, (26)

2
— (mstar + mcoupling )Rstar (27)

2 b
is the mass of the sweeping star, kg; 1.,/
is the

I

where m,,,,
is the total mass of the two couplings, kg; R
radius of the sweeping star, m.

The radius R, , is determined as follows:

star

star
Rstar = Rdisk + larm + larm—in-slot ° (28)

Since the spilled ore accumulates between the
center and the far edge of the under-conveyor zone,

the optimal radius R, . is calculated using the follow-
ing expression:

star

b

Rstar - dmot - bchan.sect 2 % ’ (29)
where d,, is the diameter of the gear motor housing
(M); Danseee 1S the width of the channel section, m;
b, is the width of the conveyor belt.

conv

The torque M, is calculated as follows:

MZ = kresisthaptharm Zstarpore gdstar ’ (30)

where k.., is the coefficient accounting for the re-
sistance of the spilled ore encountered by the arm of
the sweeping star during movement, depending on its
moisture content w; F,, is the average capture area of
spilled ore per arm of the sweeping star, m?; p,,, is the
ore density, kg/m?®; g is gravitational acceleration, m/s?.

After multiplying F,.,,, and h equation (30)
takes the following form:

MZ = kresist‘/spill Zstarpore gdstar 4 (31)

where V,, is the average volume of spilled rock mass
per second, m>.

Practical data obtained at the Udachny kimber-
lite mine indicate that the moisture content w of the
spilled ore does not exceed 20%. Laboratory experi-
ments using a physical model of the collecting arm
demonstrated that the power consumption P required

apt arm?
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to handle wet material may increase by approximately
15% (at w = 20%) compared to the power required for
handling dry material P, (Fig. 4).

Based on the results of physical modelling, the
coefficient k., is assumed to be 1.15. The volume

resist

Vi, is calculated as follows:
m_.
1l
‘/spill = kzone - ’ (32)
ore
where k. — coefficient accounting for the volume of

spilled ore directly in the transfer zone from the fee-
der to the conveyor belt; m_,;, is the mass of the spilled
ore per second, kg.

Estimation of the expected technical
and economic effect

from the implementation of research results

(case study: Udachny Mine)

A significant portion of the solid phase of mine
water usually settles at the bottom of drainage wor-
kings in the form of sludge and silt deposits. These
are subsequently removed using LHD machines and,
depending on the mining technology adopted for
kimberlite deposits, either used as one of the com-
ponents of the backfilling mixture or hoisted to the
surface using shaft hoisting equipment [15].

A characteristic feature of the settled sludge pulp
in drainage workings at kimberlite mines is the pres-
ence of voids filled with mine water. During removal
of the pulp by the LHD machine’s bucket, these voids
tend to rupture, causing water to spill. This leads to
extensive contamination of the machine's units and
components — particularly the suspension bearing of
the articulated frame and the electrical equipment —
resulting in a shortened service life.

Operational data show that the mean time to
failure for such LHD machines is 30-40% lower than
that of similar equipment used in other production
areas of kimberlite mines.

1.20
1.15-
§ 1.10

1.054

1.00 = . .
0 5 10 15 20

Ore moisture content w, %

Fig. 4. Dependence of the P/P, ratio on the moisture
content w of the spilled ore
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Therefore, when calculating the main operating
costs of the drainage system at a kimberlite mine,
it is essential to factor in the annual repair costs of
LHD machines (Z,;,,, million RUB/year), which result
from cleaning sludge-filled drainage workings and
hauling the removed pulp:

Z, =k

LH| failure

Z

LHD*?

(33)
where kg, is the coefficient accounting for the
average share of equipment failures caused by con-
tact with sludge pulp (k.. = 0.35); Z, - is the total
annual operating costs of the LHD machines.

According to statistical studies [16], the depen-
dence of Z,,,, on the volume of sludge material trans-
ported by LHD machines V;,.., m® is described by the
following regression equation (Fig. 5).

Implementation of the mechanized system is ex-
pected to significantly reduce Z,,, costs associated
with mine water drainage operations at kimberlite

mines.

Its estimated payback period T,,,,,, months, is
calculated as follows:
2, +Z,
ek =7 12, (34)

where Z, is the estimated cost of developing and
installing the system, million RUB; Z, is the esti-
mated operating cost of the system, million RUB;
AZ,,, — difference between the current and expec-
ted LHD repair costs Z,,;, after implementation of
the system.

The expected annual technical and economic
benefit Z from the practical implementation of the
proposed technological solution (after the payback
period) is determined by the following expression:

42
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Zy=AZ,,,-Z,. (35)

According to the calculations, implementation
of the mechanized system at the Udachny mine is
expected to pay off within 10 months. The projected
annual technical and economic benefit from its use is
estimated at 4 million RUB.

Given that the implementation of the proposed
technological solution eliminates the need to pur-
chase an additional loading and hauling machine for
the drainage system at the studied mine, its expected
technical and economic efficiency increases signifi-
cantly.

Conclusion

The following key findings were obtained based
on the research results:

1. Mathematical models of sludge formation
within the local mine drainage system of a kimberlite
mine were developed, allowing for the identification
of the main sources of suspended solids in mine wa-
ter, depending on the adopted ore extraction techno-
logy. It was found that at mines employing backfilling
of mined-out voids, the primary sources of mine wa-
ter contamination are:

—sludge generated from flushing blocked sec-
tions of the backfilling pipeline (29%);

—sludge from continuous miner operations
(36%);

—sludge formed due to ore spillage during its
transfer from the feeder to the conveyor belt at the
main haulage level (24%).

At mines that extract kimberlite ore using block
caving, the dominant source of contamination is ore
spillage from the conveyor belt, accounting for 75% of
the total sludge volume.

41 A

40

39+

381

374

36

Zup costs, million RUB/year

Ziap=0.0011Vge + 21.765
R=0.7196

35

13000 14000 15000

16000 17000 18000

Volume V4., m®

Fig. 5. Dependence of LHD repair costs Z;;;, on the annual volume of transported sludge material V.,
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2.To reduce the rate of mine water contami-
nation within local drainage systems at kimberlite
mines, a mechanized system for collecting spilled
rock mass from the under-conveyor area was pro-
posed. The system’s working unit — a collection and
loading device - is mounted in the ore transfer zone
between the feeder and conveyor belt. In the con-
text of underground mining with backfill systems,
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the implementation of this system is expected to
reduce mine water contamination intensity by ap-
proximately 16%, and by a factor of two at mines em-
ploying block caving. The estimated payback period
for the technological solution is less than one year
(10 months), and the projected annual technical and
economic benefit is 4 million rubles (based on data
from the Udachny Mine).
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