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Abstract
Introduction. There is much concern about raw material overgrinding as a result of blasting when
mining granular quartz. The main blasting method of deep mining is borehole blasting with rings of
continuous charges. The main drawbacks of the method include nonuniform distribution of explosives
along the plane of the broken layer and the fact that the significant energy of continuous charges is spent
on the shattering effect which automatically overgrinds the material in the area nearest the blast.
Research aim isto devel op the technol ogy of blasting and optimize its parameters ensuring the reduced
output of overgrinded quartz fraction.
Methodol ogy includes the devel opment and application of a mathematical model of drilling and blasting
parameters forecast in granular quartz deep mining.
Research concept. A technology of breaking has been proposed by way of solution to the given problem.
The technology lies in the concept that the uniformity of explosive energy concentration distribution in
the broken layer is ensured by charges dispersion by air gaps and the particular order of their
arrangement in the plane of the ring. To implement the technology, a method of forming dispersed
charges in deep upholes has been developed; the method does not require additional efforts and
equipment.
Results. A special technique has been created, which makes it possible to determine the parameters of
dispersion ensuring the relevant specific consumption of explosives along the whole plane of the broken
layer. The dependence between the output of the overgrinded quartz fraction and the parameters of
dispersion in the plane system of charges has been determined. Engineering and economic evaluation
of breaking technology options has been carried out as compared to the conventional one. Potential
economic benefit has been estimated from the developed technology application for 1t of produced ore.

Key wor ds: granular quartz; blasting; dispersed charge; borehole ring; air gap; specific consumption
of explosives.

Introduction. Qualitatively unique granular quartz of the Southern Ural Kyshtym
deposit is used to produce high-purity quartz concentrates which are in demand in high-
technology industry. It is a very hard material consisting of poorly connected grains
(granules) as large as 1-2 mm, which is conditioned by their rather smooth and even
edges [1, 2]. Due to this structural feature, an output of overgrinded fraction is high
when drilling and blasting at stoping. According to raw material quality specifications,
0-20 mm quartz fraction, which is sorted out at the surface and piled, is unfit for high-
purity quartz production, whereas its output reaches 20% [3].

Traditionally, breaking was carried out by the charges of cartridged explosives
dispersed by nonreactive aggregate in rings of boreholes 105 mm in diameter and 10 m
in length. Specific consumption of explosives was 0.9-1.0 kg/m?. The charge of each
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borehole was fired with a delay, i. e. acted as an individual one [4]; it caused significant
detonation power input to break rock in camouflet zone [5, 6]. When moving forward
to the next level, the mining method changed [3], cameral deposits breaking being
carried out by the rings of upholes as long as 24 m. In order to reduce quartz overgrinding
in the area nearest the blast, the use of a plane system of charges was proved [7],
involving simultaneous blasting of all charges in a ring with the arrangement parameters
ensuring their interaction [8]. Besides, in order to reduce the shattering effect at the
initial stage of detonation, it is sensible to use charges with air gaps [9-13]. For the
conditions of upholes and pneumatic charging with granular explosives, the method of
forming such charges was developed [14].
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Fig. 1. Propagation of the detonation front in the plane of blast hole ring:
at theinitial stage— a; at an intermediate stage — b; at the final stage— ¢
Puc. 1. PactipocTpaHeHHe 1eTOHAIMOHHOTO (PPOHTA B INIOCKOCTH Beepa:
Ha Ha4YaJbHOM JTale — a; Ha TNIPOMEKYTOYHOM 3TaAIlC — b; Ha 3aBE€pHIalONIEM 3TaIC — C

Thus, it is necessary to develop a procedure which will make it possible to determine
the parameters of spatial arrangement of explosive charges and air gaps in the broken
massif. It is a crucial scientific engineering task.

The principles of charges dispersion parameters deter mination. The following
principles are at the heart of the developed procedure of dispersion parameters
calculation:

— the parameters of boreholes arrangement at the ring scheme of breaking, required
to completely separate a layer from the massif and get the necessary quality of ore
breaking, are calculated for the zone of the faces of wells; as far as the remaining part
of the broken layer is concerned, specific consumption of explosives is controlled by
means of dispersing the charges;

— simultaneous initiation of all charges is designed;

— codirectional propagation of detonation of all borehole charges; with the
simultaneous detonation procedure, the direction of detonation propagation depends on
the arrangement of priming cartridges (booster charges) in boreholes [15, 16]; with
dispersed charges, booster detonator is placed in each individual part of a charge.

The schematic spatial-temporal diagram of detonation front propagation is presented
at fig. 1.

The detonation front can be pictured as an arch, and its propagation, if conditionally
broken into time segments, can be pictured as arcuate zones filling. Summarizing the
above, it can be concluded that in order to calculate the parameters of charges dispersion,
it is reasonable to divide the plane of the ring into the arcuate zones, within the limit of
each arcuate zone the specific consumption of explosives will be about the same.
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Definition and systematization of mine and technical factors. For the good of the
developed procedure, it is necessary to systematize the main mine technical factors
affecting the parameters of charges dispersion in a ring. As a result, the following mine
technical factors were determined and divided into two groups: volume factors, i. e.
determining the volume of the broken massif, and power factors, i. e. affecting the
parameters of its power ratio (table 1).

Minetechnical factors

Volume factors

The volume Of the BrOKEN TQYEN ..........cccueieieieeree e e eseaas Vi, m?
The liNE Of [EASE FESISLANCE ........vveivie ettt ettt e et s st e s st e s s ae e s bessaaessabessaessbeeassbessabesssensans W, m
BOrEhOIE IENGLN ..ottt e et e tentestesaenaeneenn Lohi, m
The span angle between the marginal boreholes of thering ..o a, degrees
Power factors
Specific consuMPLion Of EXPIOSIVES ......cceiiriiriirierin et Qexpl, kg/m?®
Boreholes contingenCy COEffICIENT .........cooiiiiiiiiirece st m, items
The number of boreholesin aring Nonl, items
BOrENOIE QIAMELET ...ttt ettt et et e et e et e e s ae e e ebeeebeeeabeeeaseeebeeenteessseesaseenseesnrens dohi, M
CharQing GENSITY ....cueueviireriieirtieie ettt bbb b bbbttt es penar, kg/m?

The main volume factor is the volume of the broken layer and the main power factor
is the specific consumption of explosives. However, both groups are interconnected as
soon as each factor in some way influences the parameters of the other. Consequently,
the developed procedure has to consider the given factors together and ensure uniform
distribution of explosives in each section of the broken layer, in this case — in each
arcuate zone.

Table 1. Parameters and indicator s of experimental explosions of a plane system of charges

Tabmuna 1. IlapaMeTpbl ¥ MOKa3aTeJd NPOBeieHUs IKCIePUMEHTAIbHbIX B3PLIBOB II0CKOI
CHCTEMOIi 3apsA10B

Exprl]g.si on Charges structure k%e/xr‘f:]g Opri, MM W, m a,m m Yo-20, %0
1 Continuous 15 65 16 2.2 14 253
2 Dispersed 12 65 16 22 14 20.6
3 Dispersed 10 65 17 24 14 12.0
4 Dispersed 0.9 65 16 2.2 14 19.3
5 Dispersed 0.9 65 18 2.2 12 12.2

a — the distance between the edges of the boreholes.

Developing the procedur e of disper sion parameter scalculation. In simultaneous
detonation of ring charges, the detonation front can be represented as an arch, and its
propagation, if conditionally broken into time segments, can be pictured as arcuate
zones filling. Consequently, in order to calculate the parameters of charges dispersion,
it is reasonable to divide the plane of the ring into the arcuate zones, within the limit of
each arcuate zone the specific consumption of explosives will be about the same.
The lengths of the sectors of charges and air gaps in the adjoining boreholes will be
equal to the height of the i-th arcuate zone.

The ring of boreholes is represented in an idealized form as a sector of a circle with
a centre in a drilling room O, radius equal to the length of boreholes L, and span
angle o between the marginal boreholes of the ring (fig. 2).
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Specific consumption of explosives for each i-th arcuate zone Oonar is expressed
through the main mine technical parameters

_ 241
q = Ny (i aln):fzd 4|2pchar’ 1)
Wie—— (£ — 1.
360( iu |I)

expl

where | = 1, ..., m— the number of arcuate zones in a ring, items; n,,, — the number of
boreholes in a ring, items; |, — length from the ring centre (drill rig axis) to the upper
border of the i-th arcuate zone, m; |, — length from the ring centre to the lower border
of the i-th arcuate zone, m; d — borehole diameter, m; p,, . — charging density, kg/m>;

W — the line of least resistance (LLR), m.

T~ Uncharged part of
thering

"~ Drilling room

Fig. 2. Schematic diagram of dispersion parameters determination in the plane system of charges
Puc. 2. IlpuanunuansHas cxema Ui ONpeAeIeHIs TapaMeTpOB pacCpeIOTOYCHUS B IIIOCKOH
CUCTEME 3apsIJI0B

The heights of the arcuate zones in generally are determined by the formula
h =1, 1. (2)
Having expressed |, with equation (1), we get

_ 90N, 0Py

- Iiu' 3
Waqexpl ( )
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Successive solution of equation (3) for arcuate zones, moving from the face to the
top of wells, makes it possible to determine the desired parameters of dispersion.

Dispersion parameters study. In the in situ conditions of Kyshtym underground
mine, field studies of granular quartz breaking have been carried out. The main
experimental parameters and 0-20 mm (y, ,,) fractions yield are presented in table 1.
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Fig. 3. Dependence between 0-20 mm fraction output and
the dispersion parameters in a plane system of charges
Puc. 3. 3aBucumocts Bbixopa ¢pakuumu 020 MM OT mapaMeTpoB
paccpenoToYeH s B INTOCKOH CHCTEME 3apsIoB

Evident spread of results of two explosions (no. 4 and no. 5) with similar specific
consumption of explosives has shown that the dispersion itself does not guarantee the
required quality of quartz ore breaking.

07 1
06 | _ —
05 | ]
04
03
02
01 t l
0 | | 1 | | 1 | | 1 | | ]
2 3 4 5
The number of an experimental explosion
B | /L, actua data O L/l calculated by the procedure
B Ly, /Ly actua data O Ly./Lyy calculated by the procedure

Fig. 4. Comparison of actual and calculated parameters of experimental
explosions of a plane system of dispersed charges
Puc. 4. ConocraBnenue (HakTHYECKUX U PACUETHBIX IapaMETPOB IKCHEPUMEH-
TaJBHBIX B3PBIBOB INIOCKON CHCTEMBI 3apsIJIOB PacCpel0TOUYEHHOH KOHCTPYKIUN

For that matter, the influence of process parameters, i. e. the ratio of the sum of the
length of air gaps L, to the sum of the lengths of explosives L, in a ring, on the output
of the overgrinded fraction was studied. The actual parameters at experimental blast
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were measured. As a result, the dependence between the output of 020 mm quartz
fractions and L /L, (fig. 3) was established; it is approximated by the formula

char

Yoo = —27,04 |—ag/|—C +24,899. (4)

har

It can be seen from the diagram that with the increase of L, /L, from 0 to 0.48,
the output of 0-20 mm fraction reduces from 25.3% to 12%. For the conditions
of Kyshtym underground mine, optimum are the values ranging within

Lo /Lopar = 0.44-0.48, allowing to reach layer separation from the massif with minimum
output of the oversized fraction.

Table 2. Technical and economic evaluation of blasting technology options
Ta6aumna 2. TexXHNK0-3IKOHOMUYECKasl OLIEHKA 10 BAPDHAHTAM TE€XHOJIOTHH 0TOOKHI

Blasting technology option
Indicator Conven-

tional 1 2 3 4
Theline of least resistance, m 25 25 25 1.7 18
Boreholes contingency coefficient, items 1.0 13 13 12 12
Specific consumption of explosives, 0.9 1.7 14 12 0.9
kg/mé
Flow rate, m/m?3 0.29 0.28 0.28 0.73 0.43
Borehole length inaring, m 86 160 162 295 188
Borehole number in aring, items 14 9 9 15 11
Oversize output, % 10.0 20 25 10.0 7.6
The cost of 1 m? oversize breaking,
rub/m?3 500
0-20 mm fraction output, % 20.0 35.6 25.7 17.1 12.2
The price of 1t of preconcentrate, rub/t 3500
The prime cost of breaking, rub/t 106.4 120.0 116.9 162.6 104.4
;I'uhb?tpri me cost of oversize breaking, 18.87 3.77 472 18.87 14.34
IrEucbc;?omlc benefit for 1t of produced ore, 0 19007 | -6834 | +17.05 | +9761

Actual parameters of two best blasts converge with the values calculated by (1)—(3):
for blast no. 3 they are 0.48 and 0.56 (A, = 14.2%), for blast no. 5 — 0.44 and 0.46
(A5 = 4.3%). For blasts no. 2 and no. 4, significant divergence between actual and
theoretical parameters (A, = 57.1% and A, = 75.4%) can be explained by the irrational
undercharge of boreholes [17]. It is proved by the adequate convergence of actual and
computational ratios of the sum of charge lengths with the sum of boreholes lengths
(A =0.5-15.5%) (fig. 4). This degree of convergence testifies to the adequacy of the
developed procedure.

In research [18] V. N. Mosinets notes that when breaking ore, condition
L,o/Lepar < 0.44 is preferable, and the highest coefficient of explosion energy transfer to
the environment is observed with L /L, = 0.3. When breaking granular quartz, it is
also necessary to minimize the effect on the broken layer. Taking into account the
indicators of ore quality, it can be assumed that for the conditions of Kyshtym
underground mine, expression L, /L ;. > 0.44 will be true.

Engineering and economic evaluation of technology options has been carried out
according to the criterion of maximum economic benefit, as compared to the
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conventional one (table 2). The benefit has been determined at the stage of preconcentrate
with 90% of quartz. Four options of the technology have been studied:

1. Continuous charges, d,,, = 105 mm;

2. Dispersed charges, d,,, = 105 mm;

3. Continuous charges, d,;, = 65 mm;

4. Dispersed charges, d,,, = 65 mm.

The fourth option has best estimators; it applies a plane charge system of dispersed
structure in 65 mm diameter boreholes with the parameters established in the course of
the research. The main factor affecting the economic effectiveness is the output of the
oversized 0-20 mm fraction. Potential economic benefit from the implementation of
the developed option for 1t of produced ore is 97.6 rub.

Conclusion. The procedure of charge dispersion parameters calculation has been
developed, wherein the features and the parameters of blasting technology with the ring
arrangement of boreholes and simultaneous method of blasting are taken into account.
The dependence has been established between the output of the overgrinded quartz
fraction and the ratio of the lengths of the dispersed charge elements. Overgrinded
quartz fraction output reduction by 25-40%, as compared to the conventional blasting
technology, is reached by the use of the plane charge system of dispersed structure with
specific consumption of explosives 0.9—1.0 kg/m? and the ratio of the lengths of air
gaps to the lengths of the explosive charges 0.44—0.48.

Research has been carried out under the government contract no. 075-00581-
19-00. Theme no. 0405-2019-0005.
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HccnenoBanue mapaMeTpoB paccpenoTodeHnsi B IJIOCKOH cHCTeMe 3apsii0B
MPH NMOA3eMHOI1 I00bIYe IPAHYIMPOBAHHOTO KBapua

Coxonos U. B.L, Poxkos A. A
! Mucrutyt ropHoro jena YpO PAH, ExarepunGypr, Poccust.

Peghepam
Beeoenue. Ilpu 0obvlue 2pamymuposannozo Keapya ocmpo Cmoum npobiemMd RepeusMenvyeHusi Cbipbsl
6 pezyibmame 63pbleHbIx pabom. IIpu nodzemHoll pazpabomke OCHOBHIM CHOCOOOM BeOEHUSL 63PbIGHBIX PAbOM
ABNIAEMCA CKBANCUHHAA OMOOUIKA 6eepamu 3apa0oe CHAOWHOU KoHcmpykyuu. OcHo8Hble HedOCmAamKy
€cnocoba — HepasHOMepHOCHb PAChpeOeNeHUsl 63PbIBYANO20 BeWecmead No NIOCKOCHU OMOUBAEMO20 ClOsSL U
pacxodosanue 3HAUUMENbHOU YACMU IHEP2UlL 3aps008 CHIOWHOL KOHCMPYKYUU Ha OpU3aHmHoe go3oelicmesue,
00513amenbHO C6sA3aHHOe C nepeusMenbyeHueM Mamepuana 6 OaudicHell 301e 63puisd.
Ilens pabomwr. Paspabomxa mexHonoeuu 63pwleHOU OmOOUKU U ONMUMU3AYUSL ee  NaApAMEempos,
00ecneuusarowUx CHUNCEHUE BbIX00A NepeusMebyeHHOU Qpakyuy Keapya.
Memooonozun. Paspabomka u UCNOIb306aHUE MAMEMAMUYECKOU MOOeNU NPOSHO3A NApamMempos
6YPOB3PLIBHBIX PAOOM NPU NOO3EMHOL 000bIYE SPAHYTUPOBAHHOSO K8apYd.
Hoesn pabomul. B kauecmee peuieris Oannoll npoodiemMvl npeoaodHceHa MmexXHON02Us OMOOUKU, 3aKTI0UAIOWaACA
8 MOM, YO PABHOMEPHOCb PACHpeOeNeHUs KOHyenmpayuu Suepeuu BB 6 ombueaemom cioe obecnewusaemcs
3a cuem paccpe0omouensl 3apsido8 6030YUIHBIMU NPOMENCYMKAMU U ONPEOeNeHHO20 NOPSIOKA UX PAZMeUeHUsL
6 naockocmu eeepa. [lis NpaKmuyeckol peanuzayuu MmexHonocuu paspaboman cnocob gopmuposanus
PAccpe0omoueHHbIX 3apsao08 8 B0CCMAIOWUX 2TYOOKUX CKBANCUHAX, He Mpebyrowull OONOTHUMETbHbIX
mpyoo3ampam u CHeYUaIbHbIX CPEOCMS.
Pesynomamet. Coz0ana cneyuanvbhast MemoouKa, NO360sI10Wds. ONPeOeums NAPAMEmpbl PACCPEOOMOYEHUs,
obecneuusarowue HeodXoOUMblil YOeIbHbll pacxod BB no sceil niockocmu ombusaemozo cnos. Ycmarnosnena
3ABUCUMOCTb BbIX00A NEPEUIMETLYEHHOU (PaKyuu Keapya om napamempos paccpedomoyeHus 8 NIOCKol
cucmeme 3aps006. IIposedena mMexHUKO-IKOHOMUHECKAS. OYEHKA BAPUAHMOS MEXHON02UU OMOOUKY
omHocumenvHo mpaouyuontou. Onpederen NOMEHYUANbHBLL IKOHOMUYECKULl Ipghexm om npumeHeHus
paspabomarnol mexHonocuu Ha 1 m 00661moii pyobl.

Knrouesvie cnosa: eparynuposannbiii Keapy, 63pbleHAsi OMOOUKA, PACCPEOOMOUeHHbIL 3apsi0; 6eep CKEANCUH,
B030VUIHBIL HPOMENCYIMOK; YOenbHblll pacxo0 BB.

Hccnedosanus evinonnenst 6 pamkax Ioczaoanua Ne 075-00581-19-00. Tema Ne 0405-2019-0005.
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