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WAYS TO REDUCE ORE LOSSES AND DILUTION IN IRON
ORE UNDERGROUND MINING IN KRYVBASS

Introduction. Ukraine’s economic potential greatly depends on efficient operation of the national mining and metallurgical
complex that provides 30% of GDP. One of the essential structural branches of the mining and metallurgical complex is iron ore
mining industry. The quality of iron ore materials is the primary indicator ensuring their competitiveness in domestic and foreign
markets. The quality of iron ore products is formed in the course of ore mining and processing into marketable products.

Problem Statement. Worsening ore quality and losses is a serious problem in iron ore underground mining. It is caused
by incomplete extraction of iron ore reserves (72—75% of the producing reserves) while breaking and drawing as well as by
ore dilution with waste rocks, which causes an iron content reduction by 1.5—12% as compared with the initial iron content
in the massif.

Purpose. The research aims at analyzing reasons for high ore losses and dilution in underground ore mining at Kryvyi Rih
iron ore basin and at searching ways to reduce them.

Materials and Methods. Analysis of known methods for solving the given problem has revealed that it is quite efficient
to create an organizational and technical system that enables to forecast, to detect, and to promptly solve the reasons
causing excessive ore losses and dilution.

Results. To efficiently control qualitative and quantitative parameters of ore at all stages of mining, transportation, and
processing, an automated working place, Quality AWP, which provides data collection and representation at all stages
of mining production at the central server is suggested to apply for continuous monitoring and analysis of ore quality
characteristics.

Conclusions. Introduction of the complex of technical means and Quality AWP automated system enables tracking the
ore qualitative characteristics on a continuous basis and reducing ore losses by 3% and dilution by 2%.

Keywords: analysis, losses, system, and Quality automated working place.

The analysis of conventional methods for redu- | tem is a very effective direction. This direction
cing losses and ore impurity has shown that the | has been implemented by designing anengineer-
creation of an organizational and technical sys- | ing, software and hardware complex. The com-
plex is a single integrated system for monitoring
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Table 1

Mining of Extractable Resources in 2012—2016

by Kryvbaszhelezrudkom Public JSC Mines

Year
Unit
2012 | 2013 | 2014 | 2015 | 2016
Ternovska Mine
ore produc- | Thousand | 1276 | 1661 | 1840 | 1892 | 1532
tion tons
losses % 19.3 |16.79119.97(19.03|17.86
impurity % 14.5 |17.72]14.09| 8.65 | 11.6
Hvardiiska Mine
ore produc- | Thousand | 1608 | 1437 | 1654 | 1674 | 1550
tion tons
losses % 17.4 120.03{20.01{19.78|18.61
impurity % 19 [23.73|15.40(18.32|10.24
Oktiabrska Mine
ore produc- | Thousand | 1329 | 1348 | 1401 | 1646 | 1590
tion tons
losses % 18.3 [17.18|18.87(17.72|17.73
impurity % 17.3 116.79(11.19]12.4612.26
Rodina Mine
ore produc- | Thousand | 2100 | 2144 | 1905 | 1248 | 1483
tion tons
losses % 19.6 {20.08(20.14(20.00(18.58
impurity % 13.1 [12.00[15.56(11.91[12.86
Table 2

Mining of Extractable Resources in 2012—2016
by Euras Sukha Balka Private JSC Mines

Year
Unit
2012 | 2013 | 2014 | 2015 | 2016

Frunze Mine
ore produc- | Thousand | 1100 | 1269 | 1300 | 1210 | 1150
tion tons
losses % 1141120 | 13.7 | 11.5 | 11.2
impurity % 106 | 11.3 | 124 | 12.5 {12.35
Yubileina Mine
ore produc- | Thousand | 1900 | 2100 | 2169 | 2200 | 2045
tion tons
losses % 14.4 | 15.6 | 14.7 | 14.3 [14.35
impurity % 126 | 122 |14.4| 14 | 123

stages of its extraction and processing using nu-
clear-physical and geophysical methods [1, 10—13].

The proposed system is based on developments
of the research laboratory for industrial problems
of the Kryvyi Rih National University. From 1993
to the present, devices and methods designed by the
laboratory have been used for operational quality
control at the main stages of underground mining.

The experience has shown that attempts to
solve this problem by controlling the quality of
raw materials at individual stages of mining does
not enable efficient management of extraction in-
dicators to reduce losses and ore impurity [5—8].
The comprehensive approach is more rational,
the implementation of which requires a detailed
study of all factors affecting the extraction of
minerals and the formation of its qualitative indi-
cators [14—17].

Below, there are summary data on production,
losses and ore impurity for 2012—2016, by the Kryv-
bas mines.

Since 2013, ore mass impurity has been redu-
ced; the highest losses for Kryvbaszhelezrudkom are
reported for 2014; since that time the losses start-
ed to decrease.

The analysis of production activity of the un-
derground iron ore mines in Kryvbass has shown
that the main causes of ore losses and impurity
are as follows:

1. The deviation ofdirection of theblast holes
(Fig. 1), which can reach 10—18% of their length,
andtheir out of contour space leads to destruc-
tion of dead rocks beyond the contour of the ore
body, the subsequent impurity of the ore mass, and
a reduction in the content of the useful compo-
nent by 2—12%.

2. Underdrilling as a result of curvature of blas-
ting holes leads to incomplete breakage of the ore
massif, which causes quantitative losses of ore
when it is discharged from the extraction space,
as well as because ofshutdown of the discharge pro-
cess when the iron content in ore reaches 45%.

It should be noted that the minimization of ore
losses and impurity is one of the key requirements
for the second mining technologies [2—4].
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A complex of technical means for reducing iron
ore losses and impurity during underground min-
ing has been developed (Fig. 2).

The offered complex includes the following sta-
ges of mining production technological process:
+ preparatory and blasting operations;

+ ore discharge from box holes;
+ transportation of ore by mine carts;
+ crushing and sorting factory (CSF).

The electronic inclinometer is designed for
monitoring the position of blast holes in the ore
massif, which enablesmeasuring the zenith and
azimuthal angles and exercising the operative
control of the well position in the massif. In this
case, the hole curvature is fixed, which, according
to statistics, makes up to 15% of the hole depth.

The total information obtained from inclinom-
eters and depth-gauges enables to develop 3D
models of the ore massif, which makes it possible
to predict the qualitative and quantitative pa-
rameters of the exploded ore mass and to deter-
mine the amount of blast holes deflectedbeyond
the contact zone towards the area of «dead rocks».
In addition, in the case of a large distance be-
tween the holes, the need to drill an additional
well forpreventing ore losses and above-limit re-
lease of oversize material is determined.

The logging probe is designed for operational
control of iron content throughout the depth of
blast holes.

The software complex is used to create 3D mo-
dels of the ore massif.

The miner radiometer (PACS device) is used
for operational control of the ore mass quality

- Area of losses

Borehole axis
(according to
blasting pattern)
Actual borehole
axis

Area of dead
rock breakage

=
NN

Fig. 1. Schematic drawing ofborehole curve

during the ore discharge from box holes. It
should be noted that until now, the problem of
ore ongoing quality control ore at this stage
has not been solved. At the Kryvbass mines,
the quality control of exploded ore mass during
discharge from box holes was previously car-
ried out by sampling with the use of chemical
analysis method. The durationof analysis was 2
hours. Currently, the rapid analysis of samples
is carried out by PACS radioisotope devices and
lasts for 60 s. The ore discharge from box holes
ceases as the iron content becomes less or equal
to 45%, which prevents contamination of the
ore mass.

The quality of exploded ore mass during the
transportation of ore by mine carts can be cont-
rolled in the two ways:

Electronic inclinometer
(borehole

direction control)

—» Electronic depth gauge

(borehole depth control)

P

Loggl;ing .probe N Software
of bla(s to %?)lrréﬁoles) (ore body geometrization)
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PACS devices
(ore quality control while
transportation in mine
carts)

PACS devices
(quality control while
discharging ore from box
holes)

D

P

Microprocessor system
(quality and weight control
ofsintering oreat CSF)

Radiometric separator
(pre-beneficiation and
sorting of ores)

P

Fig. 2. Complex of engineering facilities to reduce iron ore losses and impurity
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Fig. 3. Quality AWS functional scheme

1) the discrete method, by sampling from mine
carts and carrying out rapid analysis by PACS ra-
dioisotope device;

2) the ongoing method, by using a radiometric
sorting complex (RSC) for automation of rolling
and sorting of mine carts with ore mass [3].

In the case of crushing and sorting factory, the op-
erative control of ore weight and content on the con-
veyor is carried out using a microprocessor system; the
ore is sorted with the use of radiometric separators. At
the same time, the dead rock is separated from the to-
tal mass, which leads to a decrease in the impurity of
commercial ore and to improvement of its quality.

Table 3 shows the results of experimental and
industrial tests of a radiometric separator in the
conditions of the CSF of Artem-2 mine.

The results of long-term industrial tests have
shown the expediency of using radiometric sepa-
rators to cut off the undersized rock mass. The use
of such devices in the technological chain enables
solving the problems of reducing impurity and
increasing the content of useful component in the
extracted ore mass.

For operational control of the qualitative and
quantitative parameters of the ore at all stages of
extraction, transportation, and processing, it is
suggested to use Quality automated workstation
(AWYS) (Fig. 3) that provides collecting and dis-
playing on the central server the information
from all mining sites for ongoing monitoring and
analysis of ore qualitative characteristics.

The tasks of the Quality system are conventio-
nally divided into the four stages:

Stage 1: Operational control of the useful com-
ponent content in the massif and the borehole de-
viations from the design, which includes:

+ measuring the zenith and azimuth angles of bo-
rehole direction deviation from the design val-
ues;

+ measuring the borehole depth;

+ determining the ore quality in the massif;

+ developing 3D model of the ore body;

+ making decisions to eliminate the detected de-
viations of parameters of the scheme for hole
drilling in the massif from the design values of
the blasting pattern (BP).
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Table 3
Results of Experimental and Industrial Tests of Radiometric Separator
Initial ore Concentrated ore Tailings Fe extraction Increase
Fe, % Si0,, % Yield, % | Fe,% | Si0,% | Yield % Fe,9 | toconcentrate | inFecontent, %
42.2 23.3 70.5 54.0 10.7 29.5 14.0 90.2 11.8
41.7 35.7 34.0 58.5 8.5 66.0 33.0 47.7 16.8

Stage 2. Control of the quality of the blasted
ore mass during the ore discharge and transporta-
tion to the main loading and transportation drift.

Stage 3. Radiometric sorting of ore in CSE

Stage 4. Quality control of commercial ore whi-
le shipping to consumers.

Within the framework of the Quality system, a pro-
gram for interaction of the server module with each
separate device has been developed to collect and to
store the collected data in the local database and then
to process them (plotting, block sections, etc.).

The central server receives data from inclinom-
etry, depth-gauge and log measurements of blast
boreholes of the ore massif and generates a data-
base DB 1 that includes indicators of the content
of useful component for each borehole. According
to these data, 3D models of the ore massif are de-
veloped, which enables to predict the total vol-
ume and content of iron in the massif.

The information obtained from the discrete anal-
ysis of samples from the box holes forms a database
DB 2, the analysis of which makes it possible to es-
timate the actual degradation of quality in the
blasted ore mass in comparison with the DB1 data.
Comparison of DB 1 and DB 2 data allows techni-
cal personnel to develop measures to minimize the
degree of impurity of the blasted ore mass.

The blasted ore mass is transported to the main
loading and transportation drift of the mine, with
samples taken from the vehicles. Based on the data
of discrete quality control a database DB 3 is cre-
ated and sent to the Quality AWS server. Accord-
ing to this information, both the volume and the
quality of the ore at the CSF inlet are determined.

At CSF, after the second stage of crushing, a ra-
diometric sorting of 100 mm grading ores is done

ISSN 2409-9066. Sci. innov. 2018, 14(4)

in order to reduce impurity and to improve the
quality of raw materials. Based on the qualitative
and quantitative data of radiometric sorting, a
database of lump fraction of commercial ore for
blast furnace production (DB 4) is formed. In the
case of production necessity, the resorting is done,
with the results transferred to DB 4.

The ongoing assurance of the sintering orequal-
ity on the conveyor in the CSF conditions is car-
ried out by the microprocessor system, with data-
base DB5 formed. Information from DB 4 and
DB 5 is used by personnel of the mine surveying
and geological service to assess the qualitative
and quantitative parameters of the commercial
ore for both mine’s own account and for shipment
to consumers.

The introduction of the complex of engineer-
ing facilities and Quality AW'S automated system
enables not only to continuously monitor the qua-
lity characteristics of the ore, but also to reduce-
ore losses and impurity.

CONCLUSIONS

1. A hardware and software complex incorpo-
rating technological and organizational, and en-
gineering solutions has been developed, which
enables to reduce losses and impurity of Kryvbas
underground mining ores.

2. Full-scale implementation of the Quality AW'S
system enables to reduce the planned degree of
ore impurity by 2%; and ore losses by 3%, as well
as to increase the iron content by more than 2%.

3. The economic effect of the mentioned reduc-
tion in ore losses and improvement in the quality
of commercial ore only for PJSC Kryvbaszhelez-
rudkomis estimated over USD 7.7 million.
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HIJIAXU SMEHIITEHHS BTPAT I BACMIYEHHS 3AJII3HOT PY/IU
[NIASEMHOTI'O BMIOBYTKY B KPUBBACI

Beryn. Exonomiunuii noreniian Ykpainu 3HaUHOIO MipOIO 3aJI€3KUTh Bijl epeKTUBHOCTI (hyHKITIOHYBaHHS TipHUYO-Me-
Ty PrilHOTO KOMILIEKCY, sikuil 3abesneuye 30 % BHYTpilHbOro BasoBoro npoaykry (BBID). Oxuum 3 HailBaKIMBilInX
CTPYKTYPHUX MiPO3IITiB TiPHUYO-METATYPriiiHOr0 KOMILIEKCY € 3a1i30pyHA TPOMUCIOBICTD. AKiCTh 3a1i30pyAHOI CUPO-
BUHU € OCHOBHUM MOKA3HUKOM, sIKUI 3a6e31edye 11 KOHKYPEHTOCITPOMOXKHICTD Ha BHYTPIIIHBOMY Ta 30BHIIIHBOMY PHHKAX.
SIkicTpb 3amizopyaHOI MpoayKIii GopMy€eThest B 11potieci BupoOyTKy PyIHOI Mack Ta nepepoOKH ii B TOBapHY MPOIYKIIO.

IIpoGaemaTuka. Cepiio3HO0 IPOOIEMOIO, SIKa CYIIPOBOIKYE IIPOIEC BUPOOHUIITBA TOBAPHOI IIPOAYKILIT IIPU Mi3eMHii
PO3pO0II 3aTI30PYAHUX POAOBHUIIL, € 3HUKEHHS IKOCTI Ta BTPATH PY/H, 110 00YMOBJIEHO HETOBHUM BUI00YTKOM OaJaHCOBUX
3anacis pymu (72—75 % Bia pecypcis BiugoOyBHOTO 6JIOKY) TIpH 1i BilGUBaHHI if BUILYCKY 3 OYMCHOTO IPOCTOPY, & TAKOK 3a-
CMiYEeHHSIM BiIGUTOT PY/IHOT Macu MOPOKHIMU [IOPOJIAMH, 11O TIPU3BOAUTE 10 3HMKeHHs Ha 1,5—12 % BmicTy 3aziza nopis-
HSHO 3 BUXI/JHUM BMICTOM B MaCHBI.

Mera. AHaJli3 IPUYKMH BUCOKUX NMOKA3HUKIB BTPAT 1 3acMiueHHs pyu migzeMHoro BunooyTky Kpusopisbkoro 3asizo-
py/HOro GaceiHy Ta MOMIYK MIJISIXIB IX 3HUKEHHSL.

Marepianu it MeToau. AHasi3 BiIOMUX METOMIB i CIIOCOOIB BUpIIIEHHs 3a3Ha4eHOl MPOBGJIEMH MMOKa3aB, 10 JOCUTD
e(eKTUBHUM HAIIPSIMKOM € CTBOPEHHS OpPraHi3aliiiHO-TeXHIYHOI CUCTEMH, 1110 JI03BOJISIE IIPOTHO3YBATH, BUSBJIATH HA ITPAK-
THUIIi | OIIepaTUBHO yCyBaTU IIPUYUHH, 1110 TIPU3BOATH 10 BUHUKHEHHS HATHOPMATUBHUX BTPAT Ta 3aCMiYCHHS PY/IH.

Pesyabratu. /{1 O1IepaTMBHOIO KOHTPOJIIO AKICHO-KIJIbKICHUX HapaMeTpiB Pyau Ha BCIX CTaisx BUIOOYTKY, TPaHC-
MOPTYBAaHHS Ta [epepoOKU 3aPONOHOBAHO BUKOPUCTOBYBATH aBToMaru3oBatne poboue miciie (APM) «SIkicTb», sike 3a0e3-
neuye 30ip i BioOpaskeHHs iHbopMallil 3 yCix AISHOK TiPCbKOrO BUPOOHUIITBA Ha IIEHTPAIILHOMY CepBepi st 6e31epepBHO-
o MOHITOPUHTY Ta aHAJI3Y SKICHUX XapaKTEPUCTUK PY/IU.

BucHoBku. BripoBaskeHHs KOMIUIEKCY TEXHIYHUX 3ac00iB i aBToMaTn3oBanoi cucteM APM «SKicTh» 103BOJIUTD He
TLIbKK Ge3TepepBHO BIICTEKYBATH AKICHI XapaKTEPUCTHKU PYJIH, aJie i JOMOTTHCS 3HIKEHHS BTPaT pyau Ha 3 % Ta ii 3acmi-
yeHHs Ha 2 %.

Knwuoesi crosa: ananis, BrpaTh, CCTeMa, aBTOMAaTU30BaHe poOoue Micie «AKicThb».
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YTU CHUKEHUA TOTEPH 1 3BACOPEHU JKEJE3HOW PY/IbI
[MOJIBEMHOI JIOBBIYM B KPUBBACCE

BBenenune. DxoHOMUYECKUI MOTEHIINAT YKPAWHBI B 3HAYUTEIBHON CTETIeHN 3aBUCUT OT 3(PeKTUBHOCTH (PYHKITMOHM-
POBaHMsI TOPHOMETAJLTYPIUUECKOr0 KOMILIeKca, KoTopbiii obecnieunBaer 30 % BHyTpeHHero Basosoro npoaykra (BBII).
O[HUM M3 BKHEHIINX CTPYKTYPHBIX I10/IPA3/I€JCHNN TOPHOMETAJIYPIUYECKOTO KOMILIEKCA SIBJSIETCS JKeJe30pyIHast
[IPOMBIIIEHHOCTH, KauecTBO jKeJie30pyIHOTO ChIPbst SIBJISIETCSI OCHOBHBIM 110KA3aTeJIeM, KOTOPBII 0GECIIeYnBAET €ro KOH-
KypPEeHTOCIOCOOHOCTD Ha BHYTPEHHEM U BHEITHEM PhiHKaX. KauecTBo Keje30pyAHoil IpoAyKIu GOPMUPYETCst B IIPOIecce
JIOOBIYU PYJIHOI Macehl U ee nepepaboTKK B TOBAPHYIO MIPOLYKIIHIO.

IIpoGaematuka. CepbesHoii POOIEMOit, COIPOBOKAAIONIEl POIIECC TPOU3BOACTBA TOBAPHO POAYKIMU TIPU TOA3EMHON
pas3paboTKe KeJIe30PYAHbIX MECTOPOKACHUI, SABJISETCS CHUKEHHUE KauecTBa W MOTEPU Py, YTO 00YCIOBIECHO HEIIOJHBIM
usBJieueHneM OAJIAHCOBBIX 3a11acoB pybl (72—75 % oT pecypcoB 00bIYHOrO GJI0KA) [IPU ee 0TOOIKE U BBIIYCKE M3 OUUCT-
HOTO [IPOCTPAHCTBA, & TAKKE 3aCOPEHUEM OTOUTON PYIHON MACChI IIyCTHIMU IIOPOAMU, YTO IPUBOAUT K CHUKEHUIO Ha 1,5—
12 % coneprkanus skeje3a 1o CPaBHEHUIO C UCXOAHBIM CO/IEPKAHNEM B MACCHBE.

Ileab. AHanu3 MPUYKMH BBICOKUX TIOKA3aTeseil oTepb 1 3aCOPEHUsI PY/Ibl TIOA3eMHO#T 1066141 KPUBOPOIKCKOTO JKee30-
pyaHoro Gacceiina u MovcK myTeil nX CHUKEHMSI.

Marepuasl ¥ METOIbI. AHAJIN3 U3BECTHBIX METO/OB U CIIOCOOOB PEIleHUs] YKa3aHHOU 1IPOOJIeMbl IIOKA3aJ1, YTO BEChbMa
a(bHeKTUBHBIM HANIPABJIEHUEM SIBJISIETCST CO3/IaHNE OPTaHMU3AIIMOHHO-TEXHUUECKON CUCTEMbI, TO3BOJISIONIEH TPOTrHO3UPO-
BaTh, BBISABJIATH HA TIPAKTUKE 1 OMEPATUBHO YCTPAHSATD IPUYUHBI, TPUBOJISIIIE K BOSHUKHOBEHUIO CBEPXHOPMATUBHBIX T10-
TePb U 3aCOPEHUST PY/IbL.

Pesyabratel. [[Jist 01iepaTHBHOTO KOHTPOJISI KAYECTBEHHO-KOJNYECTBEHHBIX TAPAMETPOB PY/IbI Ha BCEX CTAaMSIX A00bIYH,
TPAHCIIOPTUPOBKU U 11epepabOTKH TIPEIJIOKEHO UCII0Ab30BaTh aBTOMATH3MPpoBaHHoe pabouee Mecto (APM) «Kauectso»,
KoTOpoe obeciieunBaer cOop u 0ToOpaskeHre MHMOPMAIIUKU CO BCEX YIaCTKOB TOPHOTO IIPOM3BOACTBA HA IIEHTPAJIbHOM CEp-
Bepe JIUIST HEIIPEPBIBHOTO MOHUTOPUHTA U AHAJIN3A KAYECTBEHHBIX XaPAKTEPUCTUK PY/IBL.

BeiBozpl. Brenpenne KoMIiekca TeEXHUIECKUX CPENCTB U aBTOMATU3MPOBaHHoit cucteMbl APM «KadecTBo» 1m03BosnT
HE TOJIbKO HEMPEPBIBHO OTCJIEKUBATD KAUECTBEHHbIE XaPAKTEPUCTUKY PY/IbI, HO 1 JOOUTHCS CHUKEHSI IOTEPb PY/Ibl Ha 3
% 1 ee 3acoperns Ha 2 %.

KnmoueBbie caoBa: aHaJIn3, TIOTEPU, CUCTEMA, aBTOMATU3UPOBAHHOE pa6oqee mecto «KauecTtBo».
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