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Purpose. The scientific and practical purpose of the study is to develop and substantiate techno-
logical schemes for the formation of external dumps in conditions of impaired stability during the
development of iron ore deposits.

Research methods. To solve the problem, the following research methods were used: geo-me-
chanical methods for studying changes in the stress-strain state, modeling of technological solutions
by variants and graph-analytical method for calculating the stability of slopes for different variants
for the development of work on the dump.

Findings. The use of the technique to determine the stability of the dump sides allowed to calcu-
late the parameters and determine the prisms of possible landslide. The safety factors or different
variants of work development are obtained, on the basis of which the most expedient way of restora-
tion of dump works in conditions of the formed landslide is chosen. Technological schemes have
been proposed and developed for the external dump No 2 of the Central Mining and Processing Plant,
which allow to continue its operation in future.

Originality. When carrying out works in conditions of the formed landslide two variants of the
further operation of a dump are modeled: a) with landslide removal without land allotment; b) without
landslide removal with the formation of a supporting prism and with the land allocation. Geo-me-
chanical studies of changes in the stress-strain state in the area of landslide formation were carried
out in order to forecast the risk of formation of new centers of geodynamic phenomena and develop
measures to prevent them.

Practical implications. Based on the constructed sections of the dump and certain physical and
mechanical properties, the safety factors were obtained for different variants for the development of
works, which made enabled to determine the appropriate variant to eliminate the effects of the dump
landslide. The developed technological schemes of development of works allow to operate safely an
external dump No 2 of the PJSC Central Mining and Processing Plant.

Keywords: external dump, geo-mechanical researches, dump slope stability, landslide formation,
physical and mechanical properties of rocks, technologies of resumption of work on a dump in the
landslide conditions, technical and economic indicators.

Introduction. The development of sloping and steep mineral deposits is charac-
terized by the widespread placement of overburden rocks to external dumps. The dump
mass is mainly represented by rock varieties, which allows to form dumps of up to 80
- 120 meters height and more. The distance of dumps from quarries significantly affects
the type of mechanization of dumps. Thus, when placing dumps at a distance of up to
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5 km from the open mine, it is economically to carry out dump work with the delivery
of overburden by dump trucks and stack them with bulldozers. Increasing the distance
gives the advantage of moving the overburden rocks to the storage place by rail
transport laying them using single-bucket excavators, mostly by mechanical shovels.

Technology, mechanization and organization of dumping is the basis of the dump-
ing process in the open development of mineral deposits. The technical and economic
indicators of mining equipment and open mine as a whole significantly depend on the
clear and accident-free performance of dump work. The location of the dump within
the mining allotment plays a crucial role in the choice of means for transportation of
overburden rock, which in turn involves the level of mechanization of their storage. It
should also be noted that when placing production waste in the worked-out space in
the open mine, the easiest way to solve the issue of reclamation of disturbed lands,
especially in agricultural. The operation of external dumps requires a certain alienation
of the land surface to store industrial wastes. Such dumps in most cases have a fairly
high height, which requires significant resources and funds for their reclamation [1].

Analysis of technological solutions on the research topic. The choice of loca-
tion of external dumps depends on the type of the open mine field, terrain and value of
disturbed lands, the scale of production of excavation works, engineering-geological,
climatic and weather conditions. When developing deposits in the plains, as a rule,
dumps are built on infertile lands, sloping hills, gorges, gullies, ravines, lowlands, pre-
viously worked out open mines, and so on. The main condition ensuring the dump
stability is the preparation of its sole (removal of the upper layer of covering rocks and
fencing with drainage ditches) and forced compaction of the rocks of the lower dump
ledge to achieve stable rocks in geological cross section. To do this, the lower ledge
should be formed of rocks with at least 20 m height [2]. At the same time, the average
distance of transportation of overburden rocks usually does not exceed 9 —10 km.

The height of the dump is limited by the conditions of stability of its slopes and the
sole on which it is placed. Based on this, the calculation of the main parameters of the
dumps according to H.L. Fisenko is recommended to do taking into account the values
of adhesion factors, the angle of internal friction, density and moisture of the rocks being
formed. The stable slope angle of the dump tier is taken to be equal to the internal friction
angle [3].

At iron ore quarries, where overburden rocks are transported by rail, dumps
equipped with single-bucket straight mechanic shovels are mainly operated, which is
due to the high lumpiness and strength of stored rocks. Detailed substantiation of their
technological parameters was performed by M.H. Novozhilov [4] and specified by
I.1. Ruskyi [5]. It has been found that the length of the dumps varies and depends en-
tirely on the volume of the dead end for rock unloading. Usually in large quarries, two
or more dumps are arranged, or one large one, which is divided into several sections,
called dead ends.

The height of dump ledges depends on physical and mechanical properties of the
stored rocks, sole drying degree, lumpiness, type of dumps, parameters of dump and
transport equipment, system of their development, etc. On average, when storing clay,
sand and rock by excavators, the height of dump ledges is from 15 — 20 to 30 — 40 m;
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by bulldozers — 10-15, 15-20 and 25-30 m, respectively [6].

Formulation of the problem. The considered technological solutions reveal the
basic principles and schemes for formation of external dumps at the development of
iron ore deposits. However, the process of external dump formation with the use of
single-bucket excavators in conditions of disturbed stability of arrays is insufficiently
studied. Therefore, the purpose of this study is to develop and substantiate techno-
logical schemes for the formation of external dumps in conditions of disturbed stability
during the development of iron ore deposits.

Main part. In the development of technological schemes for the formation of the
external dump in conditions of disturbed stability, two variants for further backfilling
to the final circuits were considered: a) with the removal of the landslide without land
allotment; b) without the removal of the landslide with the formation of a supporting
prism and with the land allotment.

The proposed technological solutions are developed as a result of a landslide on
the external dump No 2 of the Petrovskyy open mine of the PJSC Central Mining and
Processing Plant.). Loose and rocky lands are stored in the dump, which are delivered
by rail. In fact, the dump is poured in succession in several tiers. At the dump No 2,
overburden rock is accepted at 2 dump dead ends and is dumped with the help of EKT -
81 and EIII 10/70 excavators. At the moment, EIIl No 1 is removed from the danger
zone at a distance of 100 m after the occurrence of deformation in the form of a land-
slide [7, 8].

Thus, in 2017 on the site of the south-western side of the dump in s.a. 170 - 220,
hor. +175 ... + 125 there were deformations manifested in the form of landslide with
the following parameters [7, 9]: a) length along the edge — 410 m; b) average depth —
7 m, maximal — 12 m; c) the average landslide — 10 m; d) volume is 850 thousand m?;
e) the area of landslide spread is 85 thousand m?.

Parameters of the deformed slope:

design:

- height of the dump tier — 15 m;

- slope angle of the dump tier — 35°;

- the resulting angle of inclination of the dump side — 23 °.

Actual:

- the angle of inclination of the ledge slope along the break surface of 50°;

- the actual inclination angle of the side, after the landslide — 14 °;

- the inclination angle of the side in the sloping part of the landslide — 11 °.

Previously, no deformations were observed in this part of the dump.

The following reasons for the landslide formation should be distinguished among
the main ones:

a) complicated relief and the presence of a gully under the dump, which is char-
acterized by variable rises.

b) low strength of clays that make up the dump, as well as high plasticity of clays
at natural humidity of 20 - 24%.

¢) high humidity of the sole of the dump and high pressure of the dump on the
flooded area, low strength of the rocks of the dump sole.
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As of 2018, the deformation had the following form (Fig. 1).
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According to the first variant, it is necessary to remove the rocks from the land-
slide array in such a way as to be able to restore the inspection road in the existing
contours of the land allotment and to build a drainage ditch [7].

For this purpose, it is necessary to remove a part of landslide rocks from the top
tiers (+ 160... + 175 m, + 150... + 160 m), to remove a part of rocks of the bottom tier
with a dragline excavator, to form an embankment in a sole of an unstable site in s.a.
180 and remove the remnants of rocks in the dump sole.

The work is carried out in four stages.

1 stage. The slope of the dump is unloaded by removing two tiers of the dump to
the horizons of +150.0 and +160.0 m. The work is carried out by an inverted shovel
excavator with loading into dump trucks and removal of rocks to the dump sites.

Stage 2. The road from the dump entrance to the landslide is built and the stop
prism is formed with the help of the rocks that formed the landslide, and other rocks of
the landslide are removed with removal to the dump. The work is made by an inverted
shovel excavator, dump trucks, bulldozer.

Stage 3. With the help of the EIII 10/70 excavator, the slope of the dump is laid
out on a site with a steep slope.

Stage 4 (Formation of a drainage ditch). The drainage ditch located on the plan is
formed by the inverted shovel excavator. The rock mass is placed on the external part
of the dump. The ditch has the following dimensions: depth 1.5 m, width 1.0-1.5 m at
the base, slopes 35-40 °. Cross section with an area of 4.7 - 4.9 m2. When forming the
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bypass channel with a length of 480 m, the volume of excavation works will be 2352
m3. With the capacity of the inverted shovel excavator (bucket capacity 2.7 m3) 245 m?
/ hour, the time for the bypass channel will be 9.6 hours (1.0 shift).

The rock from the of breast of the drainage ditch is removed to the dump and
unloaded with dump trucks on the dump with the use of a bulldozer is planned on the
site or pushed down under the slope.

VARIANT 2 (without landslide with the prism formation). The overburden rocks
are delivered mainly by railway transport. In the process of forming the prism, delivery
from the excavator reloading point to the landslide place is carried out with dump
trucks. The prism is formed by a bulldozer. The number of dump trucks is the same as
in the first variant, taking into account the length of transportation and productivity of
the excavator placed at the reloading point of the dump [7].

Construction of a prism of a dump additional uploading.

The rock mass brought by motor transport is placed on the prism site and then the
additional uploading prism is formed by a bulldozer. The formation of the additional
uploading prism begins with the formation of a pioneer embankment. Dump trucks
unload the rock mass into piles and the bulldozer forms a pioneer embankment. Upon
reaching the site on the horizon with a mark of +145.0 m, the additional uploading
prism of privatization is formed on the plane.

According to the first variant of dump formation, the removal of the landslide to
the boundary of the land allotment is foreseen. Landslide removal only is not possible
due to the reduced stability of the upper tiers. To reduce the load on the dump, the
variant of removal of the rock part on the upper horizons between the marks +175 to
+160 m is considered.

The area which is prone to sliding in the section s.a. 180 (marked with cells)
(Fig. 2). To reduce the pressure from the upper rocks in the area of 160 m, it is neces-
sary to remove the rocks on another horizon with marks from +160, 0 to +150.0 m, part
of the rocks is removed.
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Fig. 2. Tiered removal of the overburden rocks for unloading the lower horizons
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It is also proposed to carry out backfilling with a prism at the base of this area
after unloading the dump from the rocks of the upper horizons on the area between the
surveying sections s.a. 180 and s.a. 190 (Fig. 3).

It is proposed to remove the dump and return it within the limits of the land allot-
ment on a site between sections s.a. 180 s.a. 190 to carry out a set of measures.

Namely, the excavation of a part of the dump rocks in layers with the marks of
the first excavation tier +174.0 and +160.0 m and the second tier in the area between
the sections of the s.a. 180 s.a. 190 marked with +160.0 and +150.0 m.
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Fig. 3. The scheme of formation of a persistent prism and removal of dump rocks
between horizons +160.0 and +150.0
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To increase the safety factor, it is proposed to move the landslide rocks to the
base of the dump and form a supporting prism with an upper mark of +129 m. The
height of the support prism is 9.0 m. Landslide rocks are removed by an excavator,
moved by dump trucks to the bottom of the dump and the supporting prism is formed
by a bulldozer. The width of the prism at the top is 20 m.

According to the two variants for the development of dump work, the calendar
plans for the further backfilling are adjusted, which are presented in the Figures 4 and 5.
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(with landslide removal)
Fig. 5. Scheme of dump formation

according to the second variant
(without landslide removal)

The plan of works on formation of an external dump according to the second
variant is shown in the Figure 6. To determine the order of filling the residual capacity
of the dump, diagrams of the dependence of the volume of the fillingback from the
height of the dumping tiers (dump), respectively, according to the first (Fig. 7) and
second variants (Fig. 8).
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Fig. 6. The scheme of formation of the dump No 2 of the Petrovsky open mine
to the final circuit according to the second variant.
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Fig. 7. The diagram of dependence of volumes of fillingback the overburden rocks in
residual capacity of a dump from the dump tier height according to the first variant
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Fig. 8. The diagram of dependence of volumes of fillback of overburden rocks in
residual capacity of the dump from the dump tier height according to the second
variant

As can be seen from the diagram in the Figure 8, the second variant of the
formation of the dump to the final contours allows to place additionally about 390
thousand m® of the overburden rocks in the dump base for the formation of the
supporting prism.

Conclusions.

1. Removal of the landslide to the boundaries of the land allotment can lead to
repeated manifestations of rock displacement. The dump will be in the marginal equi-
librium, which is dangerous for machinery and people working at the base of the dump.
Regarding the technological decisions, the second variant which allows to place addi-
tion volumes of overburden rocks both in additionally uploaded embankment (385.14
thousand m?) and to form a dump along the height within the design contours with
maintenance of the dump stability of a dump is the most effective.

2. When forming the dump taking into account the formed landslide, there are two
solutions for further construction: the first one is reduction of the dump height with
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observance of the resulting slope angle within 16 degrees and the second - construction
of additional uploaded embankments in the formed landslide area. Additional uploaded
embankments reduce the resulting angle and create an additional load for the holding
forces.

3. In 2020, it is recommended to place overburden rocks with a volume of 385.14
thousand m2 up to the mark of + 145 m with the use of dump trucks on the land area
formed by landslide (2.5 ha). This will increase the service life of the dump by 1 year.
A drainage ditch 5 m wide and 2 m deep should be provided around the formed em-
bankment, as well as an inspection road of 4.5 m width. The construction period of the
ditch and the road is 9 days. The temporary road of 4.5 width and 2 km length is pro-
vided for the access of technological transport to the embankment. The road construc-
tion period is 3 days.

4. On the basis of the performed researches new design contours of dump for-
mation are established according to two variants. Thus, the residual capacity of the
dump No 2 of the Petrovsky open mine of the PJSC “Central Mining and Processing
Plant” during its development according to the first variant is 3.6 million m?, and ac-
cording to the second - 4 million m?, and its service life is 6 and 7 years, respectively.
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AHOTANIA
Meta. HaykoBO-IpaKTHUHOIO METOIO JOCIIIKEHHs € po3po0Ka Ta OOIPYHTYBaHHS TEXHOJIOTTUHUX
cxeM (opMyBaHHS 30BHIIIHIX BiJJBaJIiB B yMOBaX MOPYLIEHOT CTIMKOCTI MPH BiAMpPaIOBaHHI 3aJ1i30-
PYJHHUX POJIOBHILL.
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Metoauka aociixkenb. s BUpiIeHHS MPOOJIEMH 3aCTOCOBaHI HACTYIHI METOAM JOCIIJKCHHS:
reoMexaHi4Hi METO/IU IOCIIKEHHS 3MiH HaIlpy>KeHO-Ie(OpMOBAHOTO CTaHy, MOAETIOBAHHS TEXHO-
JIOT1YHUX PillIeHb 32 BapiaHTaMu Ta rpado-aHATITHYHUN METO 1Sl pO3paxyHKiB CTIHKOCTI YKOCIB 3a
pI3HUMU BapiaHTaM¥ PO3BUTKY POOIT Ha BiJBai.

PesyabTaTn aocaiikennsi. BukopucraHHs METOTUKHU JJIsi BUSHAYEHHS CTIMKOCTI OOpTIB BinBairy
JI03BOJIMJIO PO3paxyBaTH IMAPaMETPH i BASHAUUTH MPU3MHU MOXIIUBOTO 3CyBY. OTprMaHi KoedilieHTH
3aracy CTIMKOCTI JUIsl pi3HUX BapiaHTIB PO3BUTKY POOIT, HA OCHOBI SKUX 0OpaHU HAWOLIBII TOIITb-
HUH c1oci0 BiIHOBIIEHHS BiIBABHUX POOIT B YMOBaX YTBOPEHOTO 3CyBY. JlJisi 30BHIIIHBOTO BiBaIy
Ne2 Ientpanbuoro I'3K 3anponoHoBaHi Ta po3po0JieH1 TEXHOJIOTTYHI CXEMHU, SIKI I03BOJISIIOTH B T10-
JaTBIIOMY TIPOJOBXKHUTH HOTO €KCILTyaTaIlifo.

HaykoBa HoBu3Ha. [Ipu BegeHi poOiT B yMOBaxX yTBOPEHOTrO 3CYBY 3MO/I€IbOBaHI1 1Ba BapiaHTH IO-
JaNbII01 eKCIUTyaTallil BIABaly: a) 3 IpUOUpaHHM 3CyBY 0€3 B1/IBEICHHS 3eMeib; 0) 0e3 mpubrpaHHs
3CyBY 3 (popMyBaHHSM MIAMIPHOI MPU3MH Ta 3 BiJIBEJECHHAM 3eMenb. [[poBeneH1 reoMmexaHiuHi 10c-
JPKEHHS 3MIH Halpy>KeHO-1e()OpMOBAHOTO CTaHy B pailOH1 YTBOPEHHS 3CYBY 3 METOIO MPOTHO3HOL
OIIHKHA PU3HUKY (POpMyBaHHS HOBUX OCEPE/KIB T€OJUHAMIUYHUX SIBUII 1 pO3POOKH 3aXOiB MO0 iX
3arno6iraHHs.

IIpakTnune 3HayeHHsi. Ha ocHOBI moOy/10BaHMX pO3pi3iB BigBaia 1 BU3HAYEHUX (PI3UKO-MEXaH1U-
HUX BJIACTUBOCTEH OyiH OTpUMaHi KOe(IIIEHTH CTIMKOCTI 3a pI3HUMHU BapiaHTaMHU PO3BUTKY poOIT,
110 JTAJI0 MOYKJTMBICTh BUSHAYMTH JOLUIBHAN BapiaHT JIKBIIAIlli HACIIKIB 3CyBHUX fedopmariiii Bij-
Basry. Po3po0sieHi TEXHOMOT1YHI CXeMHU PO3BUTKY POOIT JO3BOJISAIOTH O€3MEYHO €KCILUTYyaTyBaTH 30B-
HimrHIA BigBam Ne2 ITAT «I{I'3K».

Knrouoei cnoea: 306HiwHiIl 8i08a, 2eOMEXAHIUHI OOCTIONCEHHS, CIMIUKICMb YKOCY 8I08Aly, YMBO-
PeHHsL 3CY8Y, (DI3UKO-MEXAHIUHI 61ACMUBOCMI 2IPCLKUX NOPIO, MEXHO02I NOHOBNIEHHs pobomu Ha
8i08AJll 8 YMOBAX 3CY8Y, MEXHIKO-EKOHOMIUHI NOKAZHUKU.

AHHOTALIIUA
Heab. Hayuno-mpakTuyeckas 1eb UCCIEeI0BaHMs — pa3padoTKa U 000CHOBAHUE TEXHOJIOTUYECKUX
cxeM (OpMHUPOBaHHUS BHEIIHUX OTBAJIOB B YCIOBUSX HApYIICHHON yCTOHYMBOCTH MpH OTpabOTKe
KEJIe30PYTHBIX MECTOPOXKICHUH.

MeToauka uccjenoBanuii. Jljis pemeHus: mpooieMbl TPUMEHEHBI CIEAYIOIINE METOIbI HCCIISIOBA-
HUS: TEOMEXaHMYECKHUE METOJIbI MCCIICIOBAaHUS M3MEHEHUU HanpsHKEHHO-Ie(hOPMHUPOBAHHOTO CO-
CTOSIHUSI, MOJICIIMPOBAHUE TEXHOJIOTHYCCKUX PEIICHHH 10 BapuaHTaM M rpado-aHaTUTHICCKUN Me-
TOJ JUIS PAaCu€TOB YCTOMUYMBOCTH OTKOCOB I10 Pa3HbIM BapuaHTaM pa3BUTHUS pabOT HA OTBAJIE.

Pe3yJII>TaT]>I uccijaenoBanusa. Vcronb30BaHue METOIMKHU OIIpCACIICHHUA YCTOIZQHBOCTH 60pTOB OT-
Bajla IMO3BOJIMJIO paCCUHUTATh IIApaMCTPbl U OIPCACIINTL IIPU3MblI BO3MOXKHOI'O O6PYH_ICHI/I$I. HOHy-
YCHBI KOS(b(bI/II_II/IeHTBI 3araca YCTOﬁQHBOCTH I pa3/IMYHbIX BApUAHTOB PAa3BUTUSA pa60T, Ha OCHOBC
KOTOPBIX BLI6paH HanboJjee HpeHHO‘{TI/ITeHBHHﬁ croco0 BOCCTAaHOBJICHHS OTBaJIbHBIX pa60T B yYCJIO-
BUAX OITOJI3HA. I[JIH BHEIIHeTo oTBama No2 HeHTpaJ'ILHOFO I'OKa MPEIJIOKCHBI U pa3pa60TaHH TCX-
HOJIOTHYCCKHEC CXEMBI, ITO3BOJIAIOIINUC B JaIbHEHIIIEM MPOAOJIKUTD €I'0 SKCILTYaTallruto.

Hayqﬂaﬂ HOBHM3HAa. HpI/I BCOACHHUH pa60T B YCJIOBUAX O6paSOBaHHOFO OIIOJI3HA CMOACIUPOBAHLI JIBA

BapHMaHTa JajJbHENIIeN SKCIUTyaTalluu OoTBaja: a) ¢ yOOpKkoil omoi3Hs 6e3 0TBOjAa 3eMenb; 0) 6e3
yOOpKHU omo3Hs ¢ (OPMHUPOBAHUEM IMOJIIOPHOI MPU3MBI M C OTBOJIOM 3eMenb. [IpoBeneHs! reome-
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XaHWYECKHUE MCCIIEIOBAHUS U3MEHEHHI HANpPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS B paiiloHe 00-
pa30BaHuUs OMOJ3HS C I[EJIBIO IPOTHO3HOM OLIEHKU pUCcKa (POPMUPOBAHHS HOBBIX 0YaroB I'eoAMHAMHU-
YEeCKHUX SBJICHUHN U pa3pabOTKN MEPONPUITHH 10 UX MPEAOTBPALLIECHHUIO.

IIpakTnyeckoe 3HauyeHue. Ha ocHOBE NOCTPOEHHBIX Pa3pe30B OTBala U ONPEECICHHBIX (PU3UKO-
MEXaHUYECKUX CBOMCTB OB MOJIy4YE€HbI KOAPPHUIIUEHTH! YCTOWYMBOCTH 110 pa3HbIM BapHaHTaM pa3-
BUTHUS pabOT, YTO MO3BOJHJIO ONPEACIHUTH IENeCO00pa3sHbI BapUaHT JIMKBUAALNU TOCIEICTBUNA
CIABUIOBBIX Jeopmaruii orBaia. Pa3paboTaHHble TEXHOJIOTMYECKHE CXEMBI Pa3BUTUS pabOT MO3BO-
JSIOT 0€301MacHO 3KcIuTyatupoBaTh BHEITHUN oTBa No2 TTAO «L{I'OK».

Knroueevie cnosa: snewnuii omean, ceomexaHuvecKue Z/lCCJl@@OGCZHuﬂ, yCWlOZZHMGOCmb omkKoca, 00-

paszoearnue OnoJi3HA, qbwuko-mexaﬁuquKue ceoticmea COPHbLX nopod, MEXHON02UU 80300HO8IEHUS
pa60mbl HAa omeajle 6 YCNH06UAX ONOJI3HA, MEXHUKO-OKOHOMUYECKUE noKasameiu.
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