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TECHNOLOGY DEVELOPMENT OF KRYVYI RIH IRON ORE
OPEN PITS WITHIN ZONES STOPING OF UNDERGROUND MINE
WORKINGS

Ha coBpemenHoM 3Tane oTpaboTka 3ayexei kene3Hslx pya B KpusOacce BeneTcst B yCIOBHSIX
KaK COBMECTHBIX OTKPBITBIX M MOJI3EMHBIX TOPHBIX pabOT, TaK U OTKPHITON pa3pabOTKU MECTOPOXK-
JICHUH B 30HaX, MOJApabOTaHHBIX MOJ3EMHBIMH BbIpaboTKamu. IIprBeieHHbIE TEXHOJIOTUS U HOBbIE
CHOCOOBI U YCTPOMCTBA MOTALIEHUs] BOPOHOK OOpYILIEHUs B Ipejesiax padoueil 30Hbl KapbepoB My-
TEM 3aChIIIKM HUX PSAJOBBIMU CKaJbHBIMHU IOPOAAMM BCKPBIIIN HETIOCPEICTBEHHO C IIOBEPXHOCTH,
YTO MO3BOJISIET CYHIECTBEHHO MOBBICUTH OE€30MACHOCTh FOPHBIX PadOT B Kapbepe U IMOJIYYUTh 3HA-
YUTEJIBHYIO DKOHOMHUIO 32 CUET MPEAYNPEKACHNS HAPYLLIEHUS OKPYKAIOLENH Cpeabl BHEIIHUMU OT-
BaJaMH.

Ha cydacHomy erari BigpoOka mokiaiB 3aii3Hux pya y KpusOaci BeneTbcsi B yMOBax sIK Cymic-
HUX BIAKPUTHX 1 MIJ36MHUX FPHUYUX pOOIT, TaK 1 BIAKPUTOI pO3pOOKU POJIOBUII Y 30HAX, 110 Mij-
pobuieHi mijgzeMHUMHU BHpoOkaMu. HaBeneHi TexHoOOris i HOBI clocoOM Ta MPUCTPOI MOTalIeHHs
BHUPB OOpYIICHHS y MeXaxX poO040i 30HU Kap’ €piB NUIIXOM 3aCHUIIKH iX PSJOBUMHU CKEIbHUMH I10-
poJlaMu PO3KpUBY Oe3MOCepeaHbO 3 TOBEPXHi, 10 JO3BOJISIE CYTTEBO IMiIBUIUTH O0€3MEKY TipHUUUX
poOIT y Kap’epl i OTpUMATH 3HAYHY €KOHOMIIO 32 PAaXyHOK IMOMEPEIHKCHHS MOPYIICHHS TOBKIJLISA
30BHINIHIMHU BiIBaJIaMH.

At present iron ore in Kryvbas is mined by both a combination of open pit and underground
methods and by the open pit method in zones underworked by underground mining. The suggested
technology and new methods of backfilling pit craters within the pit working area with rock over-
burden directly from the surface that enables substantial increase of mine safety and economy due
to preventing environmental damage caused by surface dumps.

Introduction. At present within the city of Kryvyi Rih and its suburbs lean
iron ore is being mined and concentrated by five powerful ore mining and concentrat-
ing combines with the designed annual capacity of 140 min t. The volume of over-
burden makes nearly 112 min m3, the tails volume is 31.4 min m3. As areas for sur-
face dumps and tailing ponds are limited, use of the mined area of underground mines
solves the problem of stockpiling mining wastes. The volume of underground mines
is than 1 billion m3[1].

Problem statement. Open Pit Nel of PJSC CGOK carries out mining in the
slide zone within the former Frunze, Komintern and K. Liebknecht underground
mines’ area. As the pit goes deeper (over 350 m) and wider on the surface, the greater
part of its eastern pit edge is entering areas of possible cratering. Under such condi-
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tions mining should be carried out with observance of safety rules to prevent sudden
caving and bench displacements at the pit. As surface dumps are located far from it,
efficiency increase and substantial decrease of crude ore mining costs can be
achieved due to stockpiling the greater part of overburden rocks in slide and caving
Zones.

Problem solving. To prevent accidents drilling is performed to detect under-
ground voids and locate devices for signaling of massif deformations at the beginning
of rock slides in the open pit. Detected voids and workings are backfilled with waste
rock. From the -110 m horizon mining is carried out with 12 m high benches. Out-
break of secondary pit craters on the surface of the eastern pit edge may cause sudden
local deformation of one or several benches. Therefore, such underground voids
should be backfilled with overburden rocks to provide stability and stabilize economy
of stripping.

Fig.1 shows the technological scheme of forming a non-working pit edge ex-
hausting underground workings, where the cross section marked: non-working pit
edge (1), contours of unfinished underground workings (2), roofs of uncaved rocks
outside of open pit (3), crater stoping after underground mine of iron ore (4), the first
from the surface bench of soft rock (5), contours of protective rock banks from the
side of the pit crater 4 and the idle edge 1 (6, 7 respectively), safety areas of the banks
from the side of unfinished underground working 2 (8) the idle pit edge 1 (9), the
transport line on the first from the surface bench 5 (10), the transport line on the op-
posite side of the pit crater outbreak 4 (11), auxiliary protective rock banks on the
opposite side of the idle pit edge 1 and aside the road 11 (12, 13) and direction of
truck movement when filling pit craters 4 (14) are given in plan and section [2].

First, within the idle pit edge 1 from the side of underground mining there are
determined contours of unfinished underground workings 2 and the height of roofs of
uncaved surface over them on the rocks in the vertical section 3 are determined as
well as the height of remaining free space on the rocks h, (m) over the lower plane of
the crater stoping 4 and the soft rock thickness h,, (m). According to the Design
Standard, on the upper area of the first from the surface bench along soft rocks 5
there are determined contours of the protective banks 6 from the side of pit crater 4
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Fig. 1. The method of forming the non-working pit edge
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At that, protective banks from the side of the crater stoping 4 are built with
safety areas at the distance 8 from the contour of the unfinished underground working
2, and from the side of the idle pit edge — at the distance 9. The width of the transport
line 10 is determined considering dimensions mining transport and equipment to be
used for repairing protective banks 6 and 7 and for filling the underground area 4.
The day surface above the underground areas 4 are backfilled, if necessary, with
overburden rock delivered by the transport line 10 or it is placed on the opposite side
of the outbreak the crater stoping on surface 11, and the overburden rock is delivered
by transport means of the operating open pit. When setting the benches of the non-
working edge into the final state they are sloped by common methods until stable
values of the slope angle of about 40° and 80° for soft and hard rock respectively.
Backfilling of underground areas is carried out continuously with the constant moni-
toring of the process along the height.

When forming the non-working edge 1 to increase the angle iota of the stable
slope it is possible to double soft rock benches along height and triple hard rock
benches providing their stability by relevant sloping and presplitting methods. This
results in pit working zone increase and additional iron ore volumes.

The suggested technology of forming the idle pit edge enables significant mate-
rial and money savings. So, when operating Pit Ne3 of PJSC “ArcelorMittal Kryvyi
Rih”, the foot-bench technology with locating the non-working eastern edge on the
border with the zone of underground mining operations in axes XII and XIVb and
keeping only three transport areas at horizons +0 m, -120 and -180 m enables
temporary conservation of 15 min m? of oxidized hornstone till 2030.

The minimal width of the safety area A =163 m on the surface between the

edge of the idle bench 5 and the remaining underground area 2 can be determined as
follows:
A>2 (h1 + hy) ctg am + W + (hp + h. + hy) ctg fo + hn Ctg fn + C1 + C2, (1)
where h; and h, — height of the protective rock banks from the side of the pit mined
area and the underground area respectively, m; an — the rock slope angle in the pro-
tective banks, degrees; W — the mining transport line width, m; h,, h, — height of the
remaining underground uncaved rock and the mined area respectively, m; h,, — thick-
ness of upper bench soft rocks, m; S, fm — the slope angles of caved hard and soft
rocks, degrees; C;, C, — safe distance on the surface between the protective banks
from the side of the pit and the underground area respectively, m.

The slope angle of the idle wall a, = 50° is determined as follows:

an = arctg H,/[Hn Ctg am + Nyp-Bom + Nche Ctg oc + neBpe + (N - n¢) Bp], (2)
where H,,, Hn — oxidized hornstone and alluvium thickness respectively, m; am, a. —
angles of stable slopes of the temporary idle soft and hard rock edges, degrees; n,, n.
— number of transport areas on soft and hard rocks, items; N¢, n. — number (items)
and height of soft and hard rock benches, m; By — safety bench width, m.

Increase of the slope angle along the non-working edge profile up to 50° on the
marked site enables additional 100 min t of magnetite quartzite to be mined. Annual
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profitability E = 95,13 min UAH due to temporary retirement of only oxidized
hornstone and is determined as follows:

E=Moxq,x¢e)/ T, (3)

where V, — the volume of long-term conservation of oxidized hornstone, min m?; q,—
cost of mining 1 m?® of oxidized hornstone, US dollars; e — the factor of conversion
into the national currency, UAH/US dollars.; T, — the oxidized hornstone conserva-
tion period, years.

The overall profitability of the suggested method is to be substantiated during
the design documentation preparation and will significantly increase due to not only
the growth of slope angles of idle benches and the idle wall as a whole but also addi-
tional increase of the raw material base of the pit and reduction of the distance of
transporting oxidized hornstone to the stockpiling zone in the mined area.

Besides the above method of backfilling crater stoping, it is possible to increase
the mining safety through drilling holes on the entire area of the underground work-
ing roof. The mined area can be backfilled with the crushed overhanging and over-
burden rocks, safety of stockpiling can be increased and mining costs can be de-
creased. At that, according to rock hardness and roof height of the underground work-
ing there is determined the size of the drillhole spacing for loosening rock of the first
from the surface bench according to rock hardness in the working zone of the pit 1
(Fig. 2), the location of the underground working 2 and the thickness of its roof (3).
The working soft rock area 4 is widened sufficiently to form the working area 5 of
the first from the surface bench 1 according to rock types where the area of possible
outbreak of the roof 2 of the underground working 3 is enclosed with the protective
rock banks 6.
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Fig. 2. The method of filling mine working in the massif of working pit edge

The dragline 7 is placed beyond the possible outbreak of the crater stoping of
the underground working 2 on the working ares 5. Instead of the bucket the dragline
7 is equipped with a suspended platform 8 with a drilling rig 9 on it and put down on
the required place. Three sloping holes 10 are drilled sequentially on the outer con-
tour at the angle y from the side of the working pit edge and sloping 11- at the angle o
from the side of the unmined massif. Then, according to the given spacing and depth
parameters, loosening holes 12 are drilled.

To service drilling and blasting on a safe distance from the protective banks 6
on the opposite borders of the possible outbreak of the pit crater 2 two reversible
winches (13, 14) are placed from the side of the mined area and from the side of the
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unmined massif respectively. They are equipped with a suspension cable 15 which
conveys explosives and stemming material to the places of hole drilling 12. Personnel
use a footbridge on two cables 15 and 16. The suspension cable 15 and the footbridge
16 go across the cross-section of the underground working 2. After delivering explo-
sives and stemming material to holes the equipment is taken beyond the drilling and
blasting area. When breaking the roof 2 the loosened rock fills the underground area
3. Slope angles y and o are made about 85° and 60°. After that the bench in the work-
ing zone of the pit 1 is mined in the established order.

The suggested technology of mining the underground area in the massif of the
working pit edge allows to receive significant financial and material savings. At
PitNe3 of the PJSC “ArcelorMittal Kryvyi Rih” there are several underground work-
ings that interfere with normal development of benches [3]. As their outbreak into the
working zone of the pit is planned to be done during a year or a five-year period, the
profitability of the claimed technical solution advisable to calculate only investing
capital in the acquisition of basic working equipment. In this case the annual profita-
bility E (thousand UAH) is calculated as follows:

E=(m;-m,) -K-C -E,,
where m;, m; — working equipment weight, tonnes; in accordance with the technical
characteristics and the prototype excavator EKI'-5 (248 t), the receiving bunker BC-
120 (13 t), the jaw crusher HII/I1-12x15 (115.7 t), the conveyer loader (16 m, 15 t),
the blast-hole drill CBIII-250MH (66 t); declared by way of lead dragline EIII-
6/45MH (295 t), the blast-hole drill 2CBP-125-30 (12 t) which are moved on a plat-
form weighing (5 t); K — cost of 1 t of the equipment, thousand US dollars, K =10000
US dollars; C - the exchange rate of Ukraine’s National Bank as of 2015, C = 21
UAH; E, — the normative factor of capital investment use, E, = 0,12.

According to the given data the annual profitability due to introduction of the
new technology equals 3168 thousand UAH.

Conclusion. On the basis of the analyses, observations and geological surveys
carried out by the Research Ore Mining Institute the map has been made that system-
izes the combined plan of underground craters stoping and anomalous zones, esti-
mates the mined area and its possible outbreak on the surface. Open pit mining has
been proved to be impossible without previous backfilling of voids. There has been
developed the technology of backfilling craters stoping with rock overburden from
the surface with the help of new methods and equipment. The technology enables
substantial profitability due to prevention of surface destroying caused by surface
dumps.
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OIIPEJEJIEHUE ITPOITY CKHOM CITIOCOBHOCTH U
SHEPTOEMKOCTHU TPAHCIIOPTUPOBAHMS TOPHOM MACCBHI
KOHBEHEPHBIM TPAHCIIOPTOM YT OJIBHBIX IHAXT

Ha ocHoBannu matemaTudeckoi Mozenu GyHKITMOHUPOBAHUS CUCTEM KOHBEHEPHOTO TPAHCIIOP-
Ta C MOCIEAOBATEIBHBIM U MapaJUIeIbHBIM COCIMHEHNEM KOHBEWEepOB U OYHKEPOB, a TaKXKe C Jpe-
BOBHJTHOM BEEPHOUN M CaMOMOIOOHOW CTPYKTypaMH IMOJIyYeH PEKYPPECHTHBIN ajIrOpUTM Ompeesie-
HUS MX TPOIYCKHON CIIOCOOHOCTH M YHEPrOEMKOCTH TPAHCIIOPTHPOBaHUs yriisi. [IpuBeneHsl mpu-
Mepbl PaCYETOB MPH PA3TIUYHBIX 3HAUEHUSX IPY30IIOTOKOB U MPOU3BOIUTEIBHOCTEHN MUTATENCH.

Ha migcraBi marematndHoi Mojeni (YHKIIIOHYBaHHS CHUCTEM KOHBEEPHOTO TPAHCIOPTY 3
MTOCJTIZIOBHUM 1 TIapaJIeIbHUM 3'€THAHHSIM KOHBEEPIB 1 OYHKEPIB, a TAKOXK 3 JIEPEBOBUIHOIO BisIO-
BOIO 1 CaMOIIO/IIOHOIO CTPYKTYpPaMU OACP)KaHO PEKYPEHTHUI aIrOpuTM BH3HAUEHHS 1X MPOITYCKHOT
CIIPOMOYKHOCTI 1 €HEePrOoEMHOCTI TpPaHCIOPTYBaHHS BYriuwii. [lpuBeneHo mpHKIaau pO3paxyHKIB
NPY Pi3HUX 3HAUYEHHIX BAHTAXKOIMOTOKIB 1 MPOYKTUBHOCTI YKUBUJIBHUKIB.

On the basis of mathematical model functioning of conveyor transport systems with a consistent
and parallel connection conveyors and hoppers, and also tree-fan system and a self-similar struc-
ture. Receive the recurrent algorithm to determine their capacity and energy coal transport. Illus-
trates the calculated values for different values of traffic flows and capacity feeders

Bompocamu ompeneneHusi mponycKHOM CHOCOOHOCTH CHCTEM KOHBEWEPHOIo
TPAHCIIOPTA 3aHUMAJIMCh MHOTHE UcciienoBarenu [ 1-6].

B paborax [5—6] Ha oCHOBaHMM METOAA JUHAMUKH CPEIHUX JIJII MapKOBCKHX
MIPOLIECCOB MOJIYYEH aJTOPUTM ONpeeICHUsI CPEAHEeN MPOIYCKHON CITIOCOOHOCTH CH-
CTEMbl KOHBEMEPHOI'0 TPaHCIOPTa C MOCIEAOBATENbHBIM U MAPAJUICIbHBIM COEIUHE-
HUEM KOHBEHEpoB ¢ OyHKepaMu U 0e3 OYHKEpOB, a TaKKe aJrOpPUTM OIpPEEICHUS
CpeIHEl TPOMyCKHON CIIOCOOHOCTH CHCTEMbI KOHBEHEPHOTO TPAHCIIOPTA ISl IPEBO-
BUJTHOM BEEPHOM M CaMOIIOI00HON CTPYKTYpP COCIUHEHHSI KOHBEHEPOB ¢ OYHKEpaMU U
0e3 OyHKEpOB.

B pabote [6] mpuBenmeH anropuTM OMPEACNICHUS CPETHEH SHEPrOeMKOCTU
TPaHCIIOPTUPOBAHUS ISl CUCTEM KOHBEHEPHOI'0 TPAHCIIOPTa JIPEBOBUIHOM CamMoOIo-
TOOHOM CTPYKTYpPHI 6€3 OYHKEPOB.

B nannoit pabote, Ha OCHOBE pa3paOOTaHHBIX MAaTEMaTUUYECKUX MOJeNel (pyHK-
[IMOHUPOBAHUS CUCTEM KOHBEHEPHOTO TPaHCIOpTa ¢ OyHKepamu [7], pacCMOTpPEH BO-
IIPOC ONPEENIECHUsI CPEAHEN SHEPrOEMKOCTH TPAHCIIOPTUPOBAHUS CHCTEMbI MOJ3EM-
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