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USE OF MINING AND METALLURGICAL WASTE AS A BACKFILL OF WORKED-OUT
SPACES

Abstract. The sustainable growth of the economic development of the mining industry directly depends
on the level of implementation of innovative technologies in production. Rational use of subsoil in the
development of deposits should be based on the maximum completeness and complexity of extraction of
useful components. Today, the issue of introducing low-waste and non-waste environmentally friendly
technologies is especially acute. The main direction of using waste from mining and metallurgical production
is the filling of mined spaces. There is extensive experience in the use of production wastes in stowing
operations, technologies for stowing operations have been developed, which are used in many mines at
the mines of East Kazakhstan. One of the urgent tasks in these conditions is the development of resource-
saving technologies for the extraction of minerals based on the diversification of the products of mining
enterprises, which ultimately will reduce the cost of mining and increase the profitability of production and
the competitiveness of the final products of mining companies.

The article provides a substantiation of the main direction of using mining and metallurgical waste as a
backfill of mined spaces, a resource-saving technology of mining based on the diversification of the output of
mining enterprises, parameters of reducing the cost of mining and increasing the profitability of production
and the competitiveness of the final products of mining companies and parameters of reliable artificial massifs
in mining systems with backfilling of mined spaces are given [1]. It is recommended to use the technology at
mining enterprises with complex mining and geological conditions.

Key words: underground method, filling operations, safety factor, mining, mixture.

Introduction. Backfill mining systems have been widely used in mining of ore deposits, both at foreign
and domestic mines in recent years [2]. In particular, there is extensive experience in the use of production
wastes in stowing operations at the mines of East Kazakhstan, technologies for stowing operations have
been developed for various mining and geological conditions, which are used at Maleevsky, Tishinsky,
Artemyevsky, Orlovsky and other mines.

Nowadays, the technologies used for ore mining by the underground method do not provide for the
complete disposal of production wastes in the mined area. This primarily applies to the disposal of man-
made raw materials containing toxic waste such as arsenic. Refractory gold - arsenic ores in our country are
practically not processed due to the lack of rational and environmentally friendly technology. An important
problem in the technology of complex processing of semi - finished products of metallurgical production is
the removal, neutralization, and disposal. Therefore, the development of compositions of hardening filling
mixtures with the use of arsenic - containing mining waste is very important and relevant.

Materials and methods. Research methods are defined based on research standards. Experiments are
envisaged for carrying out technological tests, which are also limited by the available equipment and expert
staff [3]. The study used an industrial experiment at a mining enterprise.

The development of a new type of reinforcement for artificial roofing in mines is based on the principles
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of barbelling a layered artificial massif experiencing forces from its own weight of roofing layer and retaining
its detached elements with a rigid metal mesh. Wherein, the problem of improving the safety of mining
operations is solved by picking up the entire area of the exposed filling massif, eliminating the fallout of its
detached and cracked pieces.

Results and discussion. Experimental results on the reliability of the filling massif for the downward
mining of ore layers. It should be noted that mining of valuable ore deposits is carried out in descending
layers, when equipment and personnel work in a chamber with an artificial massif top. It is clear that the
reliability of the top (backfill) must be high. According to the statistics of the Bakyrchik gold mine operation,
the reliability P, of the artificial top as a function of the safety factor K, of its strength will be investigated by
us in the interval:

0,9<P <0,99 ()
2<K<14

which is enough for practical purposes.

The categories of stability of the filling massif in the bearing layer were determined (Table 1) and
recommendations on the method of maintaining an artificial top were developed (Table 2) based on these
studies.

Table 1- Stability category of filling mass

Stability of artificial massif, MPa

Massif stability category Height of base layer h, | Safety factor, K, with reinforcement | Without reinforcerment
I (stable) 1.2 5 More than 4.5 6onee 3.5
1.5 More than 4.0 6oitee 3.0
II (average stability) 1.2 from 4.5 to 3.0 or3.5102.5
15 from 25105 15 4.0 10 3.0 o7 3.0 710 2.0
III (unstable) 1.2 Less than 3.5 Less than 2.5
1.5 Less than 2,5 Less than 3.0 Less than 2.0

Table 2 — Method of maintaining an artificial top, depending on the stability

Stability category Method of maintaining an artificial top

I category (stable) Without binding

II category (average | Without binding, with the organization of monitoring the condition of the top by signal racks
stability)
IIT category (unstable) | Wooden frame or metal support with a step of 2 m with a top tightening with a lag from the
bottom of the face no more than 4 m

For the adopted mining system and parameters of the clearing, the standard strength, in accordance with
the calculations, should be:

-4 - 4.5 MPa in the carrier layer with height 1.5 m;

- 1 - 1.5 MPa above carrier layer — refilling.

The main processes of the technology for the construction of artificial massifs are:

- preparation of the mined space for filling;

- reinforcement and isolation of the mined space;

- construction of an artificial massif, providing the normative strength and support of the overlying massif.

Water is removed and a concrete pipeline is brought after the extraction of ore in the stope. A layer of
ore fines with a thickness of 0.10 - 0.2 m is left on the bedrock of the entry to exclude the harmful effect of
explosions on the filling mass.

The development of a new type of artificial top reinforcement at the Bakyrchik mine is based on the
principles of barbell a layered artificial massif experiencing forces from its own weight of the immediate top
layer and retaining its exfoliated elements with a rigid metal mesh. At the same time, the task of increasing
the safety of mining operations is being solved by taking up the entire area of the exposed filling massif,
eliminating the loss of its exfoliated and cracked pieces [1 - 3].

In the block being mined, a mine is prepared with parameters (height x width) - 3.5 x 4 m. A metal mesh is
laid on the bedrock of the mine, on the bedding of ore fines with a height of 100 mm and above this ore fines
at a height of about 50 mm, a metal mesh is laid, with cell parameters of 100 x 100 mm. The metal mesh is a
rigidly welded structure laid across the roadway in strips of 4000 x 1200 mm. An iron wire with a diameter
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of 6 mm is fixed along the roadway at a height of 2800 mm. A demonstration of such reinforcement is shown
in Figure 1.

An insulating bulkhead is installed before laying the entry in the outfall. If the length of the entry is more
than 25 m, intermediate technological jumpers with a height of at least two meters should be installed, which
prevent the mixture from stratifying when spreading at an angle of 3 - 5°. The insertions are made in such a
way that the height of the hardening mixture, supplied at one time, is at least 1.5 m. The remaining part of the
mined space is filled after the hardening mixture has set in the carrier layer. The break between the first and
second doses should be at least 15 - 20 hours.

a . : w el
a)) the type of reinforcement on the bedrock of the layer before laying; b) the type of reinforcement after
laying the bearing layer.
1 — mining working; 2 — vertical rod; 3 - rigid metal mesh; 4 - pickup, 5 - horizontal support
Figure 1 — Formation of an artificial massif with a vertical rod reinforcement and a rigid metal mesh near
the bedrock.

The filling pipeline is cleaned by blowing it with compressed air with a small amount (0.5-1.0 m?) of water
after the end of the supply of the hardening mixture.

Most attention is paid to the selection of the optimal composition of the filling mixtures with the ratio of
tailings - crushed rock (50:50 by volume) and with or without the presence of more than 2.5 mm class in the
coarse aggregate. The weight ratios of the compositions are shown in Table 3.

The following conclusions can be drawn as a result of the work: the method for determining the mobility
of a mixture by the draft of a standard cone requires improvement and for filling mixtures does not reflect the
actual value of mobility.

The reliability of the pipeline depends on the correct choice of the speed mode of transportation. When
transporting dynamically stable mixtures, which include polydisperse filling mixtures, the working speed of
movement must be at least 10 - 15% higher than the critical one. The critical speed is considered to be such
that the larger, heavier particles in the mixture can precipitate. As a result, blockage of the pipeline can occur.

Investigation of the rheological properties of filling mixtures and the strength properties of artificial
massifs [4, 6]. Determination of the delamination of the mixture, i.e. the property to lose homogeneity during
transportation and laying was carried out in a special device. It consists of two rings and a cylinder with a
bottom, assembled on rubber gaskets and tightened with rods [7, §].

It was determined in laboratory conditions that the spreadability of the mixture largely depends on the
ratio of solid to liquid and on the presence of a fine class (- 0.074 mm), in the presence of a fine class of less
than 20%, the mixture immediately stratified (Kp > 1.3).

Table 3 - Backfill composition

Ne composition Consumption of materials for 1 m*, kg

Cement |Tailings y |Tailings y |Crushed rock —2.5 mm |Crushed rock + 2.5 mm Water
I 250 566 - 566 - 500
11 250 566 - 428 138 500
111 250 - 879 593 - 480
v 250 - 879 424 172 480
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Different aggregates can significantly differ in the specific surface of the grains with the same modulus of
grain size and average grain diameters, which is important for assessing the water demand and mobility of the
mixture [9 - 11]. Therefore, we evaluated the aggregates by the surface modulus, which expresses the surface
of the particles in m? per 1 liter of absolute volume. The surface modulus is determined by the formula:

M =165xKx(@a+2b+4c+8g+16d+36e)/1000, )

where a, b, ¢, g, d — remains on screen with hole sizes 2.5; 1.25; 0.63; 0.315; 0.14 mm;

e — fraction number — 0.14 mm, %;

K — the aspect ratio, which expresses the ratio of the surface of the grains of the aggregate to the surface
of the spherical particles, is taken equal to 2.1 for crushed and ground particles.

The ultimate shear stress was determined using a Sternbeck device. A steel cylinder with a height of 0.15
m and a diameter of 0.2 m was filled with the test mixture and placed on a flat support. The cylinder was
connected with a rigid thread thrown over a pulley with a measuring vessel, the mass of which is equal to
the mass of the cylinder. Water is poured from the tank into a measuring vessel until the moment the cylinder
begins to shift relative to the mixture.

The angle of spreading of the hardening mixture without special additives in the poured space depends
on the ratio of solid to liquid (at least 3.5 to 1) and with a granulometric composition that ensures its pipeline
transport: large class ( + 2.5 mm) — 10 + 15%; middle class ( - 2.5 + + 0.074 mm) — 55 + 65%; small class
(-0.074 mm) - 30+35%, is 1 - 2 degrees.

It has been established that the compositions of filling mixtures based on stale tailings at 90 days of age
have specimen strength by 10-15% more than current tailings. At the same time, grinding crushed rock gives
a 10% increase in strength (Figure 2), which confirms the effectiveness of the mill method for preparing
backfill mixtures.

Strength R, MPa

0 7 14 21 28 35 42 49 56 63 70 77 84 91 98
Age T, days
m - laying tailings: screening: grinded rock;
A - current tailings: screening: grinded rock;
¢ - current tailings: screening: crushed rock.

Figure 2 - Dependence of the strength of cube specimens on the composition of the filler (cement
consumption: 1 —250 kg/ m?; 2 — 150 kg/ m?).

Conclusion. The reliability of the design of mining systems with a hardening backfill is determined by
the intersection of random values of loads on the ceiling and sides of the chambers, as well as on massive
artificial pillars with deterministic boundaries of the strength of the backfill for compression and tension,
and at the same time is described by complex nonlinear functions of the physical and mechanical properties
of the rock mass, filling massif and technological parameters of mining systems of ore bodies. The results
of scientific research were introduced at the Bakyrchik mine (Kazakhstan), and they passed industrial tests.
Thus, the laboratory studies performed have shown the technical feasibility of obtaining hardening filling
mixtures using stale and flowing tailings as a filler with a wide range of rheological and strength properties,
depending on the ratio of the constituent components. The mill method of preparation makes it possible to
obtain a filling mixture that is uniform and homogeneous in composition, which is not prone to delamination.
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TAY-KEH METAJLIYPI'UA OHAIPICIHIH KAJIJIBIKTAPBIH KA3BIJIFAH KEHICTIKTEPAI
BITEY HET'IBIHJIE MAHJIAJIAHY

AnHoTanusi. Tay-KeH OHIIpYy CalachlHBIH HKOHOMHKAJBIK JaMYBIHBIH TYPakThl ©cyl eHipicke
MHHOBALIMSJIBIK TEXHOJIOTHSUIAP/bI CHII3y JCHreifiHe Tikesnel OaiyiaHbicThl. KeH OpBIHIApBIH Hrepy
Ke3iHJIe JKep KOMHAaybIH YThIM/IbI Al JaJiaHy Mai1aibl KOMIIOHEHTTEP/II aJTy/IblH OapbIHIIA TOJIBIKTHIFEI MCH
KeIeHIUTITiHe HeTi3/eIyl THIiC. ByTiHe a3 KaIIBIKTHI )KoHE KA ABIKCHI3 YKOJIOTUSITBIK Ta3a TEXHOIOTHSITAP BT
€HT13y Maceleci oTe ©3eKTi. Tay-KeH MeTauTyprust OHAIpiCiHIH KaJABIKTaphIH Mai1aJaHy/IbIH HeTi3T1 OaFbIThI
— OHJIENITEH KeHICTIKTI Tecen TonTelpy. LIbFbic Ka3zakcTaHHBIH KeHIMITEPiHIE OHIIPICTIK KaJIBIKTapIbl
Kajiay >KYMBICTapbIH/Ia KONJaHyJaH YAKSH TOXKIpuOe KMHAKTAJbII, KONTEereH KeHIITepAe KOJNJaHbUIaThIH
OHJICY JKYMBICTAPBIHBIH TEXHOJOTHSUIAPbl Kacaiael. Byn e3ekri MiHaerTepaiH Oipi OoNbIn Tay-KeH
KOCIMOPBIHIAPBIHBIH OHIMIH opTapanTaHAbIpyFa HETI3AeNTeH Maiganbl Ka3zdamapasl eHIIpYIIH pecypc
YHEM/IEy TeXHOIIOTHSCHIH d31pIiey, TYNITeN KeJTeH/ e, Maijanbl Ka30amap/Isl OHAIPYIiH KYHBIH TOMEHIETYTE,
COHBIMEH KaTap OHJIIPICTiH peHTa0eNbIiIiri MeH OoceKkere KaOieTTiIriH apTThIpyFa MyMKIHIIK Oepe/ti.

Makanana Tay-KeH METaJLTyprusi eHIIpICiHIH KalJbIKTapblH ©HAIPUIreH KEHICTIKTI TONTHIpyFa Haiijga-
JIAHYJIBIH HETI3T1 OaFBIThI, Tay-KeH KOCIMOPBIHAAPHI MIBIFAPAThIH OHIMJIEP/II opTapanTaHabIpyFa Heri3/IeareH
Tay-KeH OH/IIPICIHIH pEeCypC YHEMJICHTIH TEXHOJIOTUSCHI, COHBIMEH KaTap Iai1ajibl Kaz0anap bl OH1ipy KYHbIH
TOMEHJIETY IapaMeTpiiepi KeNTipiIreH >KoHe OHIIpic peHTa0eNbauTIrT MEeH OHIIPYIIl KSCIMOpPBIHIAAPABIH
COHFBI OHIM/IEpiHIH Oacekere KaOUIeTTUIIrH )KOFapbUIaTy, OHIIPUITeH KeHICTIKTI KaiiTa TONTHIPYMEH OHJIEY
JKYHenepiHaeri CeHIM/II KacaH bl Tay-KEH JKbIHBICTAPhl MAacCAaCHIHBIH MTapaMeTpiiepi KeNTipiireH. ATaran
TEXHOJIOTHUSHBI KYP/EI Tay-Te0JOTHsUIBIK KaF1aii1aFbl KOCIMOpbIHAapAa KOJIIaHy YCHIHBUIAIbI.
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HNCIIOJB30BAHUMSA OTXOA0B 'OPHO-METAJITYPITUYECKOI'O ITPOU3BOJICTBA KAK
3AKJIAJIKU BBIPABOTAHHBIX [TPOCTPAHCTB

AnHoTanusa. CTaOuUIBHBIA POCT SKOHOMUYECKOTO Pa3BUTHSA TOPHOAOOBIBAIONICH OTPAciy HAMPSIMYIO
3aBHCHT OT YPOBHS BHEIPCHHUS B IPOU3BOACTBO HHHOBAIIMOHHBIX TEXHOJIOTHH. PalinoHaIpHOE HCIIONB30BaHUE
HeZp NpH pa3padoTKe MECTOPOXKIACHUI TOKHO OCHOBBIBATHCSI HA MAKCUMAJIbHON MTOJTHOTE U KOMIJICKCHOCTH
W3BJICUCHUS IOJIC3HBIX MCKOMAeMbIX. Ha ceromHsHuid AeHb 0COOEHHO OCTPO CTOMT BOIPOC BHEAPCHHMS
MaJIOOTXOIHBIX U 0€30TXOJHBIX YKOJIOTHUECKH YUCTHIX TEXHOIOTHH. OCHOBHOE HAITPAaBICHUE UCIIOIb30BaHMS
OTXO0B TOPHO-METAIUTYPIrHYECKOTO IPOU3BOJICTBA, 3TO 3aKJIa IKa BEIpaOOTaHHBIX MPOCTpaHcTB. Ha pynHukax
Bocrounoro Kaszaxcrana mmeercss OONBIION OMBIT MPUMEHEHHS OTXOJOB MPOM3BOJICTBA HA 3aKJIAJOYHBIX
pa0orax, pa3paboTaHbl TEXHOJOTMU BEICHMS 3aKJIaJOYHBIX pPabOT, KOTOphIE NPUMEHSIOTCS HAa MHOTHUX
pyaHuKax. B 3THX ycnOBHSX OZHOM M3 aKTyasIbHBIX 3alad sBIseTcs pa3paboTka pecypcocOeperaroimmx
TEXHOJOTWH JOOBIYM MOJIE3HBIX HMCKOIIAEMbIX HAa OCHOBE AMBEPCU(UKAIMU BBITYCKAEMOW NPOAYKLHMH
TOPHOAOOBIBAIONINX MPEANPHUITHH, YTO B KOHEYHOM MTOI€ TO3BOJUT CHHU3HUTH CE0ECTOMMOCTH JOOBIYM
MOJIE3HBIX HCKOMAEMbIX, a TaKXKe MOBBICHTh NMPHOBLILHOCTh MPOM3BOACTBA M KOHKYPEHTOCIOCOOHOCTH
KOHEUYHOH NPOyKLIUH TOPHOPYIAHBIX PEANPUSTUI.
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B crarbe naHo 000CHOBaHHE OCHOBHOTO HANIPABICHHUS HCIIOJIB30BAHUS OTXOJJ0B TOPHOMETAJLTY PrHYECKOTO
MIPOM3BOACTBA KaK 3aKJIaJKH BbIpaOOTaHHBIX MPOCTPAHCTB, MPHUBEICHA pecypcocOeperaromas TeXHOIOT s
JOOBIUH MOJIE3HBIX UCKOTIAEMBIX Ha OCHOBE TMBEPCU(PHUKALINH BBITYCKAEMOH MPOAYKIIMH TOPHOA0OBIBAIOIIIX
HpeﬂHpHHTHﬁ, MMPUBEACHBI MMapaMETpbl CHUXKCHUA CeGeCTOI/IMOCTI/I ):[06BI‘II/I IIOJIC3HBIX HCKOIIa€MbIX H
MOBBIIICHHS TPUOBUTFHOCTH IIPOU3BOJICTBA  KOHKYPEHTOCIOCOOHOCTH KOHEYHON MPOIYKIIMN TOPHOPYIHBIX
NPeINPUSTHH, TIPUBEICHBI MapaMeTpsl HAIEKHBIX HCKYCCTBEHHBIX MAacCHBOB IPU CHUCTEMax pPa3padOTKH
C 3aKJIaIKOM BBIPAOOTAHHBIX MPOCTPAHCTB M PEKOMEHJIOBAHO HCIIOJIIB30BAHUE TEXHOJOTMHM Ha TOPHBIX
MPEANPHUATHSIX CO CIIOKHBIMU TOPHO-TEOJIOTHIECKUMH YCIOBUSMH.

KnroueBble c1oBa: TMOI3eMHBIH CHOCO0, 3aKiIafodHble paboThI, Ko3((HUIMEHTa 3amaca MPOYHOCTH,
oTpaboTKa 3anexen, CMecCh.
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