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Annotation. The paper analyzes the current state of artificial tailings storages. These unique anthropogenic
faciliies may be considered both as the sources of environmental hazard and as promising anthropogenic deposits. The
relevance of their development is shown. Decrease in the energy intensity of transportation and storing of mineral
processing products, lowering of anthropogenic influence on environment, increase in environmental safety is an main
problem for domestic ore-dressing and processing enterprises. Tailings storages basin ore-dressing and processing
enterprises are huge reservoirs walled in dumps consisting of sludge and barren rock and impounded with pulp. These
unique anthropogenic facilities may be considered both as the sources of environmental hazard and as promising
anthropogenic deposits. Stored iron ore cleaning rejects predominately consist of quartz; low-grade quartz aggregates
with hematite; magnetite. These TS are characterized by long operation life. Placing of mineral processing products
occurs by layers one over another with becoming building-up of retaining dams. Stored iron ore cleaning rejects
predominately consist of quartz; low-grade quartz aggregates with hematite; magnetite. Taking into account the existing
technologies of tailings storing, it is substantiated that the future anthropogenic deposit is formed by hydraulicking layers
of the same thickness, displaced relative to each other in the horizontal plane by the same amount. As a result of
research dependences were obtained that allow estimation of the probable volumes of stored mineral processing
products and available storage volume when building up dams, as well as justification of the location of the inner
boundary between the core of the artificial storage and the body of the retaining prism. In the paper possible variants of
formation of boundary layer between tailings storage core and retaining prism are offered. The intervals of change of
coefficient of dusting surface length are determined for different variants of transition zone formation. The dependences
of dusting surface length and slope inclination on hydraulicking layer number are obtained for determination of location of
the boundary between transition zone and tailings storage core.

Keywords: enrichment waste repositories, hydraulicking layer, retaining dam, length dusting surface, the boundary
of anthropogenic placer.

Introduction.There are about 25 billion tons of solid waste products accumulated
in Ukraine. These waste products occupy about 150 thousand hectares of fertile land
and have a negative influence on natural landscape and environmental conditions [1 —
3]. Occupied areas are taken out of economic activity, but neighbouring lands
become degraded because of dust pollution from waste piles and tailings storages.
Known technologies of dams building up for tailings storages don’t ensure their
effective operation now, but only deepen environmental hazard of industry. So the
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main problems and the tasks for domestic ore-dressing and processing enterprises are
resource-saving technologies, decrease in the energy intensity of transportation and
storing of mineral processing products, lowering of anthropogenic influence on
environment, increase in environmental safety.

Methods. Tailings storages (TS) of Kryvyi Rih basin ore-dressing and processing
enterprises are huge reservoirs walled in dumps consisting of sludge and barren rock
and impounded with pulp (mixture of disintegrated cleaning rejects with water).
These unique anthropogenic facilities may be considered both as the sources of
environmental hazard and as promising anthropogenic deposits [1 — 4]. These TS are
characterized by long operation life. Placing of mineral processing products occurs
by layers one over another with becoming building-up of retaining dams. Stored iron
ore cleaning rejects predominately consist of quartz; low-grade quartz aggregates
with hematite; magnetite. The prevalent chemical elements are silicon (about 58.61 %
in terms of silicon dioxide) and iron (under 12.14 %). This is specified by the iron-ore
concentration technology established in Kryvyi Rih basin. It is based on three or four
stages of magnetic separation when only magnetite is recovered into commodity
concentrate, but hematite is discharged into cleaning rejects as a weak-magnetic
mineral. Bulk of solid phase of cleaning rejects containing ferruginous quartzite falls
out on the dusting surface of the hydraulicking layer and doesn’t get to the storage
core. According to research [4, 5] there may be transition zone, containing valuable
components, between the core and the dusting surface sometimes. But conditions of
this zone formation are not studied and its boundaries are not determined. This
hampers estimation of boundaries of anthropogenic placers and restrains elaboration
of technological solutions for their development. So elaboration of technologies of
development of anthropogenic placers at Kryvyi Rih basin ore-dressing and
processing enterprises requires substantiation of inner boundary between TS core and
retaining prism formed during the storing of mineral processing products. It is an
actual problem at present.

Known calculation procedures allow determination of retaining prism volume,
volume of stored cleaning rejects and available storage volume counting off from
retaining prism height [1]. But they don’t allow establishment of location of inner
boundary between TS core and retaining prism body (Fig. 1).

The boundary of anthropogenic placer

Figure 1 - Location of inner boundary between TS core and retaining prism body: 1 — layers of
consecutive hydraulicking; 2 — zone of underwater hydraulicking
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Stored volume of solid particles is an actual potential of future anthropogenic
deposit. Taking into account the existing technology for the tailings storing, it is
substantiated that the future anthropogenic deposit is formed by hydraulicking layers
of the same thickness, displaced relative to each other in the horizontal plane by the
same amount (Fig. 2).

Figure 2 - The scheme of anthropogenic deposit forming: 1 — retaining dam; 2 — the boundary of
anthropogenic placer; 3 — layers of consecutive hydraulicking

It should be noted that the length of the underwater surface is reducing with each
new layer. It means that the part of solid particles placed by underwater
hydraulicking falls out in quite other conditions if the boundary of underwater surface
of previous layer is reached [5 — 9]. Actually this part of solid particles will fall out in
the pond zone forming certain body beyond the bounds of hydraulicking body of the
previous layer as its extension. Then the particles of the current hydraulicking layer
will place on this body in calculated conditions.

It would seem that the bed of the future anthropogenic placer should shift by A
when moving to the new hydraulicking layer (Fig. 3). But the remote part of the
underwater surface with length A has nothing to lean on because of the absence of
placer previous layer under it. So three variants of valuable component particles
placing process may be marked out (Fig. 3, Table 1).

Variant | (Fig. 3.a, Table 1) gives the simplified process representation. In this
case we assume that all particles, which were ought to extend the current
hydraulicking layer to given length, in fact extend the previous hydraulicking layer to
the same length. In this case some part of the current hydraulicking layer “falls” from
the forming layer on the previous one. According to variant II (Fig. 3.b, Table 1) the
particles, which form interface during sedimentation process, have to get over two
times greater depth than particles, which form the current layer surface. Therefore the
slope is forming for two layers at once and has other inclination. In the case of variant
II (Fig. 3.c, Table 1) we assume that each following layer encloses more particles
than previous one because it forms ever greater “pillar” every time. In addition the
fine particles from the pond are admixing to the base of such “pillar” and contaminate
future anthropogenic placer.

Models of processes of formation of intermediate zone between the retaining
prism body and the TS core are unknown and calculation methods for parameters of
this zone are absent also. Some researchers mention three different forms of prism
body, which may be matched with formulated variants of formation process (Table 2)
[1,4,5,8-11].
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A

c)
Figure 3 - Possible variants of formation of boundary layer between the core and the retaining
prism: a) — Variant I; b) — Variant II; c) — Variant I1I; 1 — layers of consecutive hydraulicking

Table 1 - Description of possible variants of forming of boundary layer between the core and the
retaining prism

Variant Process features
| This piece «fell» from higher hydraulicking layer
II Particles from higher layer form new slope taking into
account new sedimentation conditions.
111 Particles form pillar at first and then following particles of
this layer form “piece”. It is necessary to discharge more
material for this variant of formation.

The forms of retaining prism body differ from each other by inner slope
inclination:

— insome cases angle is acute, as well as in the retaining dams;

— this angle may be close to the right angle;

—  retaining prisms with a blunt angle of the inner slope are known also.

Acute angle of the inner slope of the retaining prism is forming when variant | of
intermediate zone formation is realized at the expense of sliding of end parts of
higher hydraulicking layers on the previous ones. The angle of the inner slope of the
retaining prism is close to the right angle when variant 1l of intermediate zone
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formation is realized. In this case the slopes displace the ridge and interface to a small
extent because they are washed out during underwater placing. Blunt angle of the
inner slope comes out of variant Il realization when hydraulicking of the current
layer is accomplished on the “pillar”. This results in interface moving deep into the
TScore[1, 4,5, 8-10, 12].

At the same time high accuracy in determination of boundary of intermediate
zone between the retaining prism and the TS core is not required in terms of the
formation of anthropogenic deposit. The valuable component is concentrated near the
dam on the dusting surface and it is not planned to mine it in the zone of underwater
hydraulicking. So it is important to estimate some boundary of transition zone.
Content of the valuable component or its contamination by slimes beyond the bounds
of this zone will be unacceptable in terms of reprocessing. Therefore the boundary
between the transition zone and the dusting surface will be considered for
determination of mining parameters during anthropogenic deposit development. This
boundary is characterized by the distance between the inner border of the retaining
dam and anthropogenic placer boundary, or intermediate zone beginning on the
higher surface of current hydraulicking layer (Fig. 4). It may be also characterized by
the distance between the inner border of the retaining dam and intermediate zone
beginning measured horizontally.

Thereby the anthropogenic placer is that part of stored cleaning rejects, which
precipitates from the flow and doesn’t get to the pond. It is evident that the most
valuable part of cleaning rejects is storing on the dusting surface, but the part, formed
by underwater hydraulicking, is less valuable (Fig.5). It is necessary to know
dependences of hydraulicking layer length, dusting surface length and underwater
hydraulicking length on number of hydraulicking layer for determination of mining
parameters. It requires solving of tasks of fractionation of particles on the dusting
surface and of underwater hydraulicking of particles remained after the dusting
surface formation for conditions of each hydraulicking layer (Fig. 6).

Solutions of these tasks will allow determination of A for each layer. If
dependence of A on number of hydraulicking layer as well as parameters of retaining
dams and retaining prism are known (Fig. 6) it is possible to define desired function
as

A = ph(n(1+e)+ctga), (1)
_E P
Ly E’

where A — displacement of anthropogenic placer bed on each hydraulicking layer, m; p
— coefficient of change of total length of the dusting surface, which depends on variant
of transition zone formation (Table 2,3); £ — width of retaining dam top, m; o — slope
angle of retaining dam; h — thickness of hydraulicking layer, m; b — width of retaining
dam berm, m.
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Table 2 - Correspondence between retaining prism types and variants of transition zone formation

Variant Features of transition zone formation Retaining prism
type

II

I

The boundary

of anthropogenic placer

Figure 4 - Determination of the boundary of anthropogenic placer: 1 — retaining prism; 2 —
anthropogenic placer
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Figure 5 - Boundaries of anthropogenic placer zones: 1 — retaining dam; 2 — pond; 3 — the boundary
of anthropogenic placer
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Figure 6 - The scheme for calculation of change of retaining dam parameters when transiting to the
next hydraulicking layer: 1 — retaining dam of the previous hydraulicking layer; 2 — retaining dam
of the current hydraulicking layer; 3 — addition of material under retaining dam

Table 3 - Intervals of change of coefficient of change of total length of the dusting surface for
different variants of transition zone formation.

Variant Interval of change of p value
I 1.1<p<20
I 09<p<11
111 0.1<p<09

Taking into account (1) it is possible to determine total length of the dusting
surface on the current hydraulicking layer

LM = Ly — Am, )

where L™ — total length of the dusting surface on the current hydraulicking layer,
m; Ly - total length of the dusting surface equal to the sum of lengths of the dusting
surface and underwater slope, m; m - number of the hydraulicking layer (m = 1 —
retaining prism).

The boundary of anthropogenic placer development depending on current layer
number will be calculated beginning from the inner border of top of retaining dam
berm of the first layer using following formula:

Lg = Ly +(@- p)h(n(L+e)+ctgo)m. 3)

As is clear from Table 2 the boundary of anthropogenic placer separates retaining
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prism formed by dusting surfaces with above-water hydraulicking of sufficiently
coarse solid particles from the TS core where very fine solid particles fall out in
practically motionless water. Some transition zone is forming in process where
underwater hydraulicking of coarse and fine particles occurs. If location of
anthropogenic placer boundary must be taken into account when extracting the
valuable component from retaining prism body, then location of the second transition
zone boundary separating it from the core must be taken into account when
estimating storage capacity.

Determination of the boundary between transition zone and TS core is not very
hard in the cases of the | and the Il formation variants if volume of storing cleaning
rejects at the current layer and inner friction angle of storing particles in water are
known. Dependences of inclination of slopes on hydraulicking layer number are linear
in these cases. At the same time this dependence is essentially nonlinear when the |11
formation variant is realized [1, 4, 5]:

2/3
A=@+B)" -1, (4)
A=2442 g_pg @ Voh
bo bo WwSsin o

where A - dimensionless length of underwater slope at the first hydraulicking layer; L
- slope length, m; a - an experimental constant from G. Abramovich’s theory of
plane-parallel streams; by is stream half-width in the initial section, m; V, is pulp
flow velocity in the initial section, m/s; w is average velocity of sedimentation of
particles, m/s.

Taking into account formula (4), slope dimensionless length at each new
hydraulicking layer will be calculated according to dependence (Fig. 7)

A™ Z A4 8A

0721

m0.021

SA =qB?; q=0.276m"% z

where A™ — dimensionless length of underwater slope at the hydraulicking layer
with number m; 3A — dimensionless increase of underwater slope length when
transiting to the new layer (Fig. 7); q, z — approximation parameters.

The relationship of dA to A (Fig. 8) is more demonstrative for illustration of
movement of transition zone boundary, separating it from the core, when
hydraulicking layer changes. Dependence of this relationship on layer number may
be approximated with engineering accuracy by following power function if B > 7:

OA _ 5 ogpmtil
A
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Figure 7 - Dependence of A on B value for different numbers of the hydraulicking layer: number
of the hydraulicking layer - 2, 3, 4, 5, 6,..., 10
Figure 8 shows that length of underwater slope increases from layer to layer. This
results in essential movement of transition zone boundary deep into TS core where
solid particles formed underwater slope are mixing with clay, cretaceous and
pulverescent particles settling in the core. This lowers prospect of extraction of
valuable components from TS transition zone because recurrent concentration and
separation are required.
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Figure 8 - Dependence of 3A/A on numder of the hydraulicking layer when B >7

Conclusions. 1. Possible variants of formation of boundary layer between tailings
storage core and retaining prism are offered. 2. The intervals of change of coefficient
of dusting surface length are determined for different variants of transition zone
formation. 3. The dependences of dusting surface length and slope inclination on
hydraulicking layer number are obtained for determination of location of the
boundary between transition zone and tailings storage core. These dependences allow
estimation of probable volumes of stored mineral processing products and available
storage volume when building up dams. It is necessary for determination of mining
parameters and for justification of technology of development of anthropogenic
deposits formed in tailings storages.
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AHotauifa. B poboTi BMKOHAHO aHani3 CTaHy LWTYYHUX CXOBULY BigxodiB 36arayeHHsl, ki € YHiKanbHUMM
TEXHOreHHUMM 00'ekTami, O MPeACTaBnsoTb IHTEPEC, SK MNEPCMEKTUBHI TEXHOTrEHHI POAOBMLLA. SHUKEHHS
€HEeproeMHOCTI MPOLECIB TPAHCMOPTYBaHHS i CKNagyBaHHA MPOAYKTIB NepepobkM MiHepanbHOI CUPOBMHK, @ TaKOX
TEXHOTEHHOTO BMAWBY Ha HABKOMULIHE CEepedoBULle € akTyanbHO NpobreMol Ans BITYM3HAHUX  TiPHUYO-
3baravyBanbHix kombiHaTiB. CXoBULLA BiAXOMiB MPUPOAHI Ta LUTYYHi pe3epByapu, 0BropomkeHi Bigsanamu 3 LWamis i
NOPOXHLOI NOPOAM, AKi HAMOBHEHI CyMiLLLLIKO NoapiGHEHNX BiaxoaiB BuAOOYTKY pyau 3 BOLOK Yy BUrNsAnynbnu. Boxu
NPeacTaBnstoTL IHTEpPeC, SIK MEPCMEKTUBHI TEXHOrEHHI POAOBWLLA, LU0 XapaKTepuaylTbCA TpUBanMMKM TepMiHamu
ekcnnyatauji, yknagaHHsM BigXogiB spycamu OauH Hag APYruM 3 BignoBigHWM HapoLlyBaHHAM famb obsanyBaHHs. Y
Cknagi BigxoaiB 30arayeHHs 3ami3HOi pyauM nepeBaxaloTb KBApLOBI micku, GigHi 3pOCTKM KBapuly 3 remaTuToMm,
MarHeTUTH, a cepes XiMivHUX CNONyK AOMIHYIOTb OKCUAM KPEMHIKO | 3ani3a. 3 ornsay Ha iCHytoYi TEXHOMOriT CKnaayBaHHs
Bigxoais 3barayeHHs, OBIPYHTOBAHO, IO TEXHOTEHHI POAoBMLA (hOpMYyOTECS nnactamu abo spycamu Hamusy
O[HAKOBOI TOBLUMHM, $Ki 3MILLYOTLCA BIQHOCHO OAWMH OQHOrO B FOPWU3OHTAbHINA MIOWMHI. B pesynbTaTi npoBeaeHnx
JOCTIMKEHb OTPUMaHi 3aneXHOCTi, L0 4O3BONSKTL OLHATA MOXNMBI 06CAMM CKnapyBaHHsS NpOAYKTIB nepepobku
MiHepanbHOI CUPOBMHM i JOCTYMHUX EMHOCTEN CXOBWLIA MPW HAPOLLYBaHHi Aamb, a Takox OOIpYHTYBaTW NOMOXKEHHS
BHYTPILUHBOT MEXi MK SAPOM LUTYYHOTO CXOBULLA i TINIOM YMOPHOT Npu3MK. Y CTaTTi 3anponoHOBaHO MOXMWBI BapiaHTy
(bOpMyBaHHsI TPAHMYHOMO Lapy MK $APOM XBOCTOCXOBMLLA | YMOPHOK MPU3MOK. BuaHauyeHo iHTepBanmu 3miHu
koedpillieHTa OOBXWHW NNskKy ONS PisHUX BapiaHTiB dOpMyBaHHS nepexigHoi 30HW. OTpUMaHO 3aneXHOCTi JOBXMH
NNy, SPycy i NABOAHOrO YKOCY Bif KINbKOCTi SPYCIB HAMWUBY NS BU3HAYEHHS MOSTOXEHHS KOPAOHY NEPEXiaHOI 30HU
MiX i4POM CXOBMLLA i TiSIOM YNOPHOI NPU3MK.

KntouoBi cnoBa: cxoBuLLa Bigxogis 3barayeHHs, Apyc HammBaHHs, fJamba obBanyBaHHS, JOBXMHA MNSHKY, MEXa
TEXHOTEHHOro po3cuny

AHHoTaums. B paGote BbINONHEH aHaNN3 COCTOSIHMUS MCKYCCTBEHHBIX XPaHUMHLL OTXO0B 060raLleHus, KoTopble
ABMATCA YHUKANBHBIMU TEXHOTEHHBIMW 0GbEKTaMM, NPeaCTaBNSIOLMMU UHTEPEC, KaK NEPCMEKTUBHBIE TEXHOreHHbIE
MecTopoXaeHns. CHUXeHWe 3SHEProemMKOCTM MPOLECCOB  TPAHCTMOPTUPOBAHUS U CKNAAMPOBaHWUS  NPOAYKTOB
nepepaboTkM MUHEPANbHOTO Chipbsi, @ TakKe TEXHOTEHHOTO BMSIHUS Ha OKPYXXAlOLLYt0 Cpeay SIBNSIETCS akTyanbHOM
npobnemoit Ans OTEYECTBEHHbIX FOPHO-06OraTUTENbHLIX KOMOWHATOB. XpaHWnMWa OTXOLOB — 3TO MPUPOAHble M
WCKYCCTBEHHbIE Pe3epByapbl, OTOPOXEHHbIE OTBanami W3 LNMamMoB W MyCTOi NOPO/bl, KOTOPbIe HANONMHEHbI CMECHIO
N3MeNbYEHHbIX OTXO0B A0GbluM pyabl ¢ Bogoi. OHM MpeacTaBnsioT MHTEPEC, Kak MeperekTUBHbIE TEXHOTEHHbe
MECTOPOXIEHNS, KOTOPble XapaKTepU3ytoTCs ANUTENbHBIMIM CPOKaMK KCMIyaTaLui, YKMaaKoi 0TXOL0B sipycaMu OauH
Ha[l ApPYrUM C COOTBETCTBYIOLMM HapaluyBaH1eM Jamb 06BanoBaHus. B coctase cknaampyeMbix 0TX040B oborateHus
KenesHoit pyabl npeobrapatoT KBapLeBble necku, GefHble CPOCTKM KBapua C remaTUTOM, MarHeTUTbl, a Cpea
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XMMUYECKNX COEAMHEHWIA AOMUHMPYIOT OKCWAbl KPEMHUS M kenesa.  YUuTblBas CyLLECTBYHOLUME TEXHOMNOMM
CKNaaMpoBaHu1s 0TxofoB oboralleHns, 060CHOBaHO, YTO TEXHOTEHHbIE MECTOPOXAEHUS (DOPMUPYIOTCS NnacTaMn Unn
fipycamy HamblBa OAWMHAKOBOM TOMWMHBI, KOTOPblE CMELLATCA OTHOCUTENbHO ApYr Apyra B TOPU3OHTaNbHON
nnockocTu. B pesynbTaTte NpoBEAEHHbIX UCCeAOBaHNA NONYyYeHbl 3aBUCUMOCTM, NO3BONSIOLLME OLEHUTL BEPOSITHbIE
00bembl CKnagMpoBaHus MPOAYKTOB MepepaboTkm MUHEpanbHOMO Chlpbsi M AOCTYMHBIX EMKOCTEN XpaHunMwa npu
HapalmBaHuM [Jamb, a Tak e OOOCHOBaTb MNONOXEHUS BHYTPEHHE! rpaHuLbl Mexay SAPOM MCKYCCTBEHHOrO
XpaHUNULLA 1 TENom YnopHO! npuambl. B cTaTbe npeanoxeHbl BO3MOXHble BapuaHTbl POPMMPOBAHIS FPAaHU4HOTO Cros
MeXay SAPOM XBOCTOXpaHWMMLLA 1 ynopHOW npuamoii. OnpeaeneHbl MHTepBanbl M3MEHEHUS KOI(hdULUMEHTa ANUHbI
nnshxa Ans pasnuyHbIX BapuaHTOB (hOPMMPOBaHUS NEPEXOAHOI 30HbI. MonyyeHbl 3aBUCMMOCTM ANWH NAsixa, spyca n
NOABOAHOMO OTKOCA OT KOMNYECTBA SIPYCOB HaMbIBa A151 ONpeaeNieHns NONOXEHNS rPaHNLbl NEPEXOSHON 30HbI MEXIY
SPOM XpaHWMMLLA 1 TENOM YNOPHOMN NPU3MBI.

KnioueBble cnoBa: xpaHunuwa oTXogoB oboralleHus, sipyc Hamblea, Aamba 00BanoBaHWs, AnvHA nnsxa,
rpaHuLIa TEXHOreHHOM POCChINK
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