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Development of Oshurkovskoye apatite deposit with conventional methods, using drilling, blasting and then
processing of extracted ore by means of flotation and construction of hydraulic structures to store wet tailings, turns
out to be impossible, as the reservoir is located in a special ecological zone of Transbaikal; moreover, the deposit has
a complex geological structure and a low grade of valuable component in the orebody. Refinement of the mineral
product occurs primarily during its processing; however, ore grade can already be controlled in the process of its ex-
traction. Advancement of technical facilities opens up new opportunities of selective mining for complex structure
deposits. The purpose of this research is to create a technology, which will upgrade the quality of mineral substance,
fed to the processing plant, directly at the extraction stage. The paper proposes a technological development scheme
for Oshurkovskoye deposit using an excavating-sorting complex containing a transport-sorting facility and a measur-
ing unit for estimation of the grade in a milled rock mass; it allows to separate a rich fine fraction of substandard ore,
which under conventional mining practices would have been sent to the stockpile of temporarily substandard ore.
Separation of fine fractions of apatite ore in the transport-sorting facility allows to reduce dusting during production
and cuts the losses of valuable component, associated with aeration of fine fractions during loading and transportation
of the rock mass. Positioning of oversize material in the open trench with its subsequent selective extraction by the
loading machine facilitates non-stop operation of the mining-sorting equipment, which provides an increase in the
productivity of mining operations.
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Introduction. In the Far East of Russia, the majority of agricultural land is characterized by
acidic reaction of the environment and low provision with mobile phosphoric acid, therefore im-
provement of agrochemical properties of the soil by introducing phosphates has a positive impact
on the crop yield. The absence of nearby plants that mine and process phosphates compels produc-
ers to transport them from the western part of the country or from abroad. Hence, there is a need for
local production of phosphorous fertilizers. It also should be noted that geographic and economic
position of the Far Eastern south allows to develop such industry and in a longer run to focus it on
export shipments (North China, Japan), as the favorable infrastructure is in place. There is a number
of explored apatite deposits in the Far East and Transbaikal, including the large ones — Oshurk-
ovskoye and Seligradskoye. Seligradskoye apatite deposit is located in the southern part of the Re-
public of Sakha (Yakutia), 30 km from the town of Aldan, average grade of the valuable component —
phosphorous pentoxide P,Os — equals 6.7 %, apatite ore reserves are estimated at 1,277 million tons
[7]. Oshurkovskoye deposit is located in the Republic of Buryatia, 12 km to the north-west from
Ulan-Ude, on the left shore of Selenga River, ore reserves of the deposit are estimated at
996 million tons [9]. In the Amur Oblast and Khabarovsk Krai several small apatite deposits have
been studies, some of them have an advantageous proximity to the Baikal-Amur Mainline. A pro-
duction license has been received for one of these deposits, but its development has not started yet
due to a low grade of the valuable component in the ore (4.02 % P,0Os).

Problem statement and status of the issue. Development of those apatite deposits in the
Far East and Transbaikal that have a geographically advantageous location is held back by both
low grade of the valuable component and complex geological structure of the reservoirs. In order
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to maintain planned production volumes using conventional technologies under initially low and
subsequently deteriorating ore quality the plant will have to extract and process huge amounts of
rock mass. Apart from significantly increasing the cost of the market product due to greater con-
sumption of toxic agents and larger quantities of finely-ground tailings, treatment of low-grade
ores of variable composition leads to additional environmental impact in the region of mining
operations.

Oshurkovskoye deposit is the most promising for development; however, its exploitation is
held back by several significant constraints related to its location in a special ecological zone of
Transbaikal [1, 3]. Oshurkovskoye deposit is composed by the rocks of variable composition,
contacts between them are gradual and permeative. In the deposits, apatite is one of the rock-
forming minerals for almost all types of rocks [4]. Its distribution in the rocks mass is very irregu-
lar, the content varies not only in the rocks of different composition, but also in the same ones,
which happens due to post-magmatic processes. Average P,Os content in the standard ores of
Oshurkovskoye deposit equals 4.37 % at the cut-off grade of 3.5 %, given that ore bodies can
have regions of substandard ore with P,Os content from 1 to 3.5 % (on the average — 2.84 %). The
most part of the rock mass is presented by soft ores with compressive strength around 30 MPa [3].
Areas of standard and substandard ores form continuous ore-rock zones of various shapes, sizes
and structures (Fig.1).

Irregular distribution and low
grade of the valuable component re-
quires selective extraction of the rock
mass with the minimal possible addi-
tion of adjacent rocks. Existing envi-
ronmental constraints rule out the
possibility to develop the deposit by
drilling and blasting, as well as to
enrich extracted ore using conven-
tional method of flotation and forma-
tion of hydraulic structures to store
wet tailings [3]. A solution to this
problem is development and imple-
mentation of advanced technologies
of ore mining and processing that
provide complex and full extraction
of the valuable component, reduce
energy consumption and costs,
minimize the losses and environ-
mental consequences of the opera-
tions [2, 6]. Up to this day there are

eall B Bl s s systems of ore quality management

: _ i based on equalization or separation
. o ESolllllln 2212137 Lt 14 principles [11, 14], which have been

implemented at several Russian and

Fig.1. Isoline plan of P,Os content at Oshurkovskoye deposit according

to S.V.Kostromin (1964) foreign plants. There are scientific
1-7 — rocks (1 — quaternary deposits, 2 — leucocratic granites, studies that take into account existing
3 — metarocks (gneiss, migmatite), 4 — syenites (marginal granite facies), . .
5 — leucocratic gabbroids, 6 — mesocratic gabbroids, 7 — melanocratic gabbroids); constraints at Oshurkovskoye dGPOSIt
8-13 — P,Os content (8 — 5 % and higher; 9 — from 4 to 5 %; 10 — from 3.5 to 4 %; and propose to develop it LlSiIlg me-
11 —from 3 to 3.5 %; 12 — from 2 to 3 %; 13 — from 1 to 2 %), X X i
14 — fault lines (a — registered, b — predicted) chanical production tools, like sur-
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face miners [9], and to enrich the obtained mineral mass in a dry process of getting rough apatite
concentrate [3] and applying the effect of vibrational pseudofluidization [13, 16]. It is suggested
that after regrinding, obtained rough concentrate will be brought up to a marketable condition at
Transbaikal flotation plants that have available production capacities.

Quality enhancement of the mineral mass is primarily achieved at the processing stage; however,
ore grade can already be managed at the stage of its extraction [10]. Thanks to technological
advancement, the possibilities of selective mining at complex structure deposits expand. Surface
miners are successfully applied in the development of complex structure deposits of coal, limestone,
oil shale, phosphates, etc. [5, 8, 17, 20].

Thus, a transition from bulldozer-loosening equipment and wheel loaders to a surface
miner in the course of extracting two low-power layers (0.35-1.0 m each) at Jeroy-Sardinskoye
phosphate deposit in Uzbekistan resulted in a reduction of losses and ore dilution from 10 to
9 % and from 22.4 to 15 %, respectively [5]. Performed ore sampling in two stockpiles demon-
strated that the ore extracted with a new technology had P,Os content from 19 to 21 %, whereas
the grade of the valuable component in the ore, extracted with a conventional technology,
amounted to 13 %.

In the study [9] in order to control ore grade of Oshurkovskoye deposit it is proposed to use a
surface miner and an X-ray radiometric measuring unit, installed above the discharge conveyer. It is
suggested that for each portion of the rock mass (dump truck capacity) no less than
60 measurements should be performed to calculate the average P,Os content in the loaded rock
mass, after which the truck receives the unload address. The disadvantage of this technology is
gross loading of the rock mass with various grade of the valuable component in to the truck body,
where it gets mixed; thus the measuring unit only provides a more accurate estimation of the aver-
age grade in the rock mass portion.

The general disadvantage of the technology relying on surface miners and dump trucks is
that, as the trucks replace each other, the miners have an idle period, which takes up from 10 to
20 % and more of the milling time [19], as well as dusting and loss of fine fractions due to aera-
tion in the process of milling, loading and transportation (Fig.2). At the same time various stud-
ies confirm that ores of many minerals have the highest grade of valuable component in their
fine fractions.

Thus, examination of a technological sample of raw apatite-nepheline ores from the deposit
Oleniy Ruchey in Murmansk Oblast, —200 mm in size and weighing 2 tons, has demonstrated an
uneven distribution of the principal
component in fractions of various
size. Average grade of the techno-
logical sample was 10.1 %, in the
fraction above 20 mm average P,Os
content was 5.5 %, at the same time
in the fraction —20+10 mm apatite
content reached 16.5 %, in the min-
ing residue of —10 mm there were
18.05 % of apatite [6]. Examination
of a similar technological sample of
poor apatite-nepheline ores from
Oleniy Ruchey demonstrated that
under average apatite content of
5.4 %, in the fraction —200+20 mm Fig.2. Surface miner development of a phosphate deposit in Uzbekistan
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average P>Os content was
366%, in the fraction -
20+10 mm — 4.16 %, in the min-
ing residue —10 mm — 7.22 % [6].

The aim of current research
is to develop a technology that
will enhance the quality of ex-
tracted mineral substance due to
a deeper selective excavation
and increase extraction rate of

Fig.3. Development of a complex structure apatite deposit using the valuable component due to

excavating-sorting equipment separation of a rich fine fraction

of substandard ore, which under

conventional production technologies would have been sent to the stockpile of temporarily substan-
dard ore.

Research results. Currently throughout the world occurs a global development of automated
systems for managing mining, transport and other types of equipment. Development of automation
and navigation systems in the process of open-pit mining enables significant transformation of
technical and engineering principles of mining plant operation [12, 15, 18]; using satellite naviga-
tion systems GPS and GLONASS, special devices allow to register and map the movements of min-
ing equipment.

The Institute of Mining, Far Eastern Branch of RAS, proposes an engineering plan of Oshurkovskoye
deposit development using an excavating-sorting complex, including the milling element 1, measur-
ing unit 2 (its operation based on X-ray radiometric method [9]), transport sorting device 3, storage
unit 4 and system of pneumatic transport 5 to feed the undersize product into the vehicle container,
as well as navigation system 6 and tray 7 to lower the oversize product into the open trench (Fig.3).

Transport-sorting equipment 3 is aimed at separation of rich fine fractions of the apatite ore. In
the standard ore occurs separation of the fraction —M; (—20 mm), in the substandard one — of the
fraction —M, (—10 mm). The width of discharge slits in the grid of transport-sorting machine 3 is
adjusted automatically after reception of the signal from the measuring unit 2, as the content of the
valuable component is estimated in the coming rock mass.

The excavating-sorting equipment develops the complex structure reservoir layer by layer
with its milling element (Fig.4). After milling, the rock mass is fed to the transport-sorting ma-
chine, where quality management of the ore grade is performed with the help of a measuring unit.
When standard apatite ore is extracted, slit width of the grid is adjusted for the undersize product
of —M; fraction. When substandard ore is extracted, the slit width is decreased to separate under-
size product of the size —M. In case of empty rock extraction, the slits of the grid are altogether
closed and separation of the undersize product stops. Undersize product falls into the storage unit,
from where by means of pneumatic transport it is transferred into the vehicle container and fed to
the processing plant.

Oversize product, obtained in the extraction process of standard and substandard ores, as
well as empty rock, is layer by layer filled from the tray to the trench. Simultaneously location
of different sorts of undersize product in the trench is mapped with the use of a navigation sys-
tem. The loader, also equipped with elements of navigation system, takes into account the map
and performs selective loading of the standard ore, substandard ore and empty rock into dump
trucks, which transport the material, respectively, to the processing plant (using dry technology
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Fig.4. A diagram for development technology of complex structure apatite deposit using excavatingg-sorting complex
and initial processing of the mineral material

of getting rough apatite concentrate), to the stockpile of temporarily substandard ore and to the
waste dump. Judging by the presence or absence of fine fractions in the rock mass, filled in the
trench, the loader operator can have an additional parameter of visual control over the shift in
rock mass quality.

Conclusion. Proposed technology using excavating-sorting equipment allows to enhance the
quality of mineral material extracted from complex structure deposits directly at the mining stage.
Besides, it allows to separate a fine fraction of substandard ore, rich in the valuable component,
which under conventional production technologies would have been sent to the stockpile of tempo-
rarily substandard ore. Separation of fine fractions of apatite ore in the transport-sorting device will
allow to reduce dusting during production and to cut the losses of valuable component associated
with fine fraction aeration during loading and transportation. Positioning of the oversize product in
the open trench ensures independence of rock milling and transportation, which means that excavat-
ing-sorting complex can function non-stop and does not have to wait for truck replacement and
spotting. Proposed technical and engineering solution allows to raise the productivity of mining op-
erations and to reduce the number of machinery, engaged in the production cycle of subsequent
processing of the mineral material, which in its turn cuts the costs of apatite concentrate and in-
creases profitability of mining operations.

403
Journal of Mining Institute. 2019. Vol. 238. P. 399-404 e Mining



4% Anton Yu. Cheban DOI: 10.31897/PMI.2019.4.399
“.# Engineering of Complex Structure Apatite Deposits ...

REFERENCES

1. Vikulov V.E., Shirapova S.D. Environmental and Economic Expertise of Technical Projects of Oshurkovskoye Deposit De-
velopment. Vestnik Buryatskogo gosudarstvennogo universiteta. 2012. N 4, p. 36-40 (in Russian).

2. Gur'ev A.A. Sustainable Development of Ore-Material Base and Processing Capacities of AO «Apatit» Using Best Engi-
neering Practices. Zapiski Gornogo instituta. 2017. Vol. 228, p. 662-673. DOI: 10.25515/PM1.2017.6.662 (in Russian).

3. Dmitriev S.V., Kotova E.L., Mezenin A.O. Material Composition and Dry Processing Technology of Apatite Ore at
Oshurkovskoye Deposit. Obogashchenie rud. 2016. N 2, p. 9-13. DOI: 10.17580 / 0r.2016.02.02 (in Russian).

4. Egorova N.N., Novikova A.N. Petrographic Specifics of Metasomatically Modified Syenite-Diorite and Diorite Rocks of
Oshurkovskoye Apatite Deposit. Materialy po geologii i poleznym iskopae-mym Buryatskoi ASSR. Ulan-Ude: Buryat. knizhnoe izd-
vo, 1970. Iss. 13, p. 119-130 (in Russian).

5. Pankevich Yu.B., Khartman G., Dolgushin V.D. Thin-Layer Extraction Solves the Problem of Product Quality Improve-
ment. Gornaya promyshlennost’. 1997. N 2, p. 10-12 (in Russian).

6. Tereshchenko S.V., Marchevskaya V.V., Shibaeva D.N., Aminov V.N. Resource-Saving Technology of Apatite-Nepheline
Ore Processing in the Khibiny Area. Obogashchenie rud. 2018. N 3, p. 32-38. DOI: 10.17580 / 0r.2018.03.06 (in Russian).

7. Aksenov E.M., Vafin R.F., Sadykov R.K., Senatorov P.P. State of Affairs and Development Problems of Non-Metallic Re-
source Base. Mineral'nye resursy Rossii. Ekonomika i upravlenie. 2013. N 5, p. 150-163 (in Russian).

8. Cheban A.Yu. Selective Development of Elginsky Coal Deposit using Excavating-Sorting Complex. Izvestiya Tul'skogo go-
sudarstvennogo universiteta. Nauki o Zemle. 2017. N 4, p. 247-254 (in Russian).

9. Shvabenland E.E. Selection of Parameters of a Layer-Batch Technology in Mining of Complex-Structured Field Deposits
with Cold Milling Combined Machines. Ratsional'noe osvoenie nedr. 2016. N 3, p. 70-75 (in Russian).

10. Shibaeva D.N., Tereshchenko S.V. Economic Assessment of Development Feasibility for Low-Grade Ore Deposits Using
Various Principles of Quality Control. Vestnik MGTU. 2011. Vol. 14. N 4, p. 778-783 (in Russian).

11. Broicher H.F. Ore and waste identification and quality control by means of laser induced fluorescence. The Canadian Min-
ing and Metallurgical Bulletin. 1999. Vol. 92. N 1034, p. 59-63.

12. Brown C. Autonomous Vehicle Technology in Mining. Autonomous Mining. 2012. N 1, p. 30-32.

13. Duru P., Nicolas M., Hinch J., Guazzelli E. Constitutive laws in liquid-fluidized beds. Journal of Fluid Mechanics. 2002.
Vol. 452, p. 371-404. DOI: 10.1017/S0022112001007017

14. Dehler M. Optical sorting of quartz gravel to reduce the iron content. Aufbereitungs Technik. 2006. Vol. 47, N 8-9, p. 6-8.

15. Frank U. Multi-perspective enterprise modeling: foundational concepts, prospects and future research challenges. Software
& Systems Modeling. 2014. Vol. 13. N 3, p. 941-962.

16. Kudrolli A. Size separation in vibrated granular matter. Reports on Progress in Physics. 2004. Vol. 67. N 3, p. 209-248.

17. Niemamn-Delius C. Mining technical and profitability of Continiuous Surface Mining for two open-pit coal mines in
Yugoslavia based on Krupp Surface Mining. Braunkohle. 1991. N 11, p. 10-12.

18. Thompson R., Hahn S., Pastor S. Development of mine haul road surfacing condition monitoring through digital image
processing. Mining Engineering. 2015. Vol. 67. N 9, p. 34-45.

19. Cheban A.Yu., Sekisov G.V., Khrunina N.P., Shemyakin S.A. Upgrading continuous and cyclic excavation and transporta-
tion during open-pit mining. Eurasian mining. 2014. N 1, p. 22-24.

20. Wirtgen surface mining for selective limestone mining in the North Caucasus. Russia. Zement-Kalk-Gips Int. 2014.
Vol. 67.N 10, p. 18-19.

Author Anton Yu. Cheban, Candidate of Engineering Sciences, Senior Researcher, chebanay@mail.ru (Mining Institute of
the Far Eastern Branch of Russian Academy of Sciences, Khabarovsk, Russia).

The paper was received on 16 October, 2018.

The paper was accepted for publication on 10 April, 2019.

404
Journal of Mining Institute. 2019. Vol. 238. P. 399-404 e Mining



