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ANALYSIS OF RESEARCH ON BLASTING
OPERATIONS IN THE PREPARATION OF
WATER-FILLED OVERBURDEN BLOCKS
IN OPEN-CUT MINES

Abstract. The article examines the problems of rock mass preparation during stripping operations in open-pit mines in conditions of waterlogging. It provides an over-
view of the basin’s geological characteristics, regulatory and methodological documents for drilling and blasting operations, and actual consumption rates of explosives.
The impact of waterlogging on slope stability, equipment productivity, and the economics of stripping operations is analyzed. Three groups of measures to reduce water-
logging are described : general quarry, local, and process; surface, underground, and combined drainage methods are considered. Particular attention is paid to preliminary
contour blasting as a local method for creating drainage zones. A conclusion is drawn regarding the need for systematic research into the conditions for applying local and
quarry measures to improve the efficiency and safety of blasting operations in waterlogged massifs.
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CynanraHn apuy 0J10KTapbIH AalbIHAAY Ke3iH/ie AKaAPbLIbIC AKYMBICTAPBIH KYPri3y 00bIHIIA 3epTTeyJepai Tangay

Amnparna. Tay KbIHBICTAPBIHBIH CYJIaHYBI KaFIalbIHA apIy KYMBICTAPBIH JKYPTi3y Ke3iHJe Tay-KeH MacCachlH JalibIHAAy Macelesepi KapacTeipbuLisl. bacceiin-
HiH TeOJOrMsIIbIK CHIIATTaMAachl, OypFbLIay-)Kapy jKYMBICTapbl OOMBIHIIIA HOPMATUBTIK KYXKaTTapra sKaHE )KapbUIFIII 3aTTap/ibl TYTHIHY/BIH HAKTHI KOPCETKIlITEpiHEe
oy Oepiiren. CynaanynbiH OeTKeiIep/AiH TYPaKThUIBIFbIHA, TEXHUKAHBIH OHIMILTITIHE KOHE aplly KYMBICTAPBIHBIH SKOHOMHKACBhIHA dcepi Taiaanbl. Cy TaCKbIHBIH
a3aiiTy JKeHIHJET] ic-IIapaiapablH YII TOObI CHUIIATTAJIFAH: JKaJlbl MAHCANTHIK, JKEPTLUIIKTI ’KOHE MPOLECTIK; Kep YCTIi, )KepacThl KOHE apajlac KypraTy 9J1icTepi Kapac-
THIPBLIFaH. J[peHaXIbIK aliMaKTap/bl KYPYIbIH JKePriliKTi 9J1ici peTiHAe aiablH-alla KOHTYPIIBIK jKapbUIbICKA Ha3ap ayAapbULibl, Cy 0acKaH MacCHBTEPHCT] sKapbLIbIC
JKYMBICTAPBIHBIH THIMJIUTITT MEH KAyilCi3IiriH apTThIpy YIIiH )KePTiliKTi )koHEe MAaHCANTHIK IIapajtapabl KOJaHy JKaF[aiiapbeiH 3epTTey KaXKeTTUIr Typabl KOPbITHIH-
JIbI JKaCaIbl.

Tyitinoi co30ep: komip baccelini, cyrany, OYpeuliay-1capy JHCYMblCmapsl, KOHMYPIbIK HCAPLLIBLC, KYP2ANY MAWUHATADL, CY2a MO3IMOL HCAPbLIbIUL 3aMmap, OpeHaic
ucytienepi.

AHaJIu3 uccJieJOBAHNI 10 BeleHHI0 B3PHIBHBIX padoT NpPH NMOATOTOBKEe 00BOJHEHHBIX BCKPBIIIHBLIX 0JIOKOB HA

azpesax
P Alljmomuml. PaccMOTpeHsI Ipo0IeMbI TOATOTOBKH FTOPHON MAcChl IIPU BEJICHUM BCKPBILIHBIX PabOT Ha pa3pesax B yCIOBUAX 00BogHeHHOCTH nopoy. [Ipusenen 0630p
TEOJIOrNUECKOM XapaKTepUCTHKHN OaccelfHa, HOPMATUBHO-METOMUECKUX JJOKYMEHTOB 110 OypOB3pBIBHEIM paboTaM M (haKTHUECKHX TTOKa3aTesel pacxosia B3phIBUATBIX Be-
mecTs. IIpoananu3uposaHo BiIMsHIHE 0OBOJHEHHOCTH HA YCTOHYMBOCTD OTKOCOB, IIPOM3BOMTENLHOCTh TEXHUKH U SKOHOMHMKY BCKPBILIHBIX paboT. OnucaHbl TPU IPYIIIIbI
MEPOINPHATHI 10 CHIXKEHHIO 0OBOIHEHHOCTH: O0IIEKAPhEPHBIE, JIOKAIbHbIE H IPOLECCHBIE; PACCMOTPEHBI TOBEPXHOCTHBIN, TOI3EMHBIH 1 KOMOMHUPOBAHHBIH CIIOCOOBI
ocymenus. Oco0oe BHUMaHHE YAEICHO MPEIBAPUTEILHOMY KOHTYPHOMY B3PBIBAHHIO KaK JIOKAJIbHOMY METOIY CO3[aHHs APEHAXKHBIX 30H, CIENIaH BBIBOL O HEOOXONH-
MOCTH CHCTEMHBIX HCCIEIOBaHHIl yCIOBHI MPUMEHEHUS JOKaIbHBIX U KaPbEPHBIX MEPONPHUATHI JUIsl HOBBILICHHS S(Q(EKTHBHOCTH U GE30MaCHOCTH B3PLIBHBIX PabOT B

00OBOJTHEHHBIX MAaCCHBaX.

Knrouesnie cnosa: yeonvhuiil bacceiin, 06600HeHHOCHb, GYPOB3PbIGHbIE PAOONbL, KOHMYPHOE 63PbIEAHUE, OCYUIAIOUWUE MAUUHBL, B000YCIOUYUBLIE 63PbIGYAMbLE GeUje-

cmea, Openao/cnbze cucmemal.

Introduction

The coal basin has long been the subject of research. Its
geological structure has been studied in detail, and a strati-
graphic division scheme has been developed. Seven geologi-
cal-genetic rock complexes have been identified, ranging from
Quaternary cover deposits to igneous rocks. Open-pit mining
primarily targets rocks of the Kolchugin and Balakhon series.
Jurassic rocks (the Tarbagan series) are present in small quan-
tities. They are located primarily in the hypergenesis zone and
have low resistance to fracture.

For open-pit mines, regulatory and methodological docu-
ments have been developed regulating the key parameters of
drilling and blasting operations — specific explosive consump-
tion and blasthole diameter. Analysis of these recommenda-
tions and actual drilling and blasting data shows that, in prac-
tice, the specific explosive consumption exceeds the recom-
mended values (Table 1). One reason is the high water content
of the blasted rocks, which requires a slight increase in the
specific explosive consumption.

Currently, about 300 million m of overburden are blasted
annually at the open-pit mines of the Management Company
(Table 2).

Waterlogging of deposits reduces the stability of mine
workings slopes, complicates and increases the cost of con-
struction and maintenance of transport communications in the
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quarry, and reduces the productivity of the main mining and
transport equipment [1].

Research methods

Measures aimed at reducing the negative impact of water
cut on open-pit mining processes can be divided into three
groups:

- general quarry, aimed at reducing water content on the
scale of the quarry as a whole or a separate section of it;

- local, covering some relatively small part of the mining
front or a separate excavator block;

- process-related, associated with the adaptation of techno-
logical processes to the actually existing conditions of water
content.

General quarry drainage measures aim to lower ground-
water levels by constructing special workings, such as
trenches, a network of underground workings, and bore-
holes. Drainage methods should be selected based on the
hydrogeological properties of the rock formations and the
groundwater level.

There are three methods of dewatering a deposit:

- surface drainage method — carried out using vertical wa-
ter-absorbing and horizontal advanced drainage wells;

- underground drainage method — involves the construction
of shafts and adits at a deposit or open-pit mine site with the
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Table 1

Values of specific consumption of explosives recommended by regulatory and reference documents and actually
used in coal mines during their development by EKG type excavators

Kecme 1

Hopmamuemik-anvikmamanslx Kyscammapmen ycolnviazan ycone IKI munindezi skckagamopnapmen onapowt
azipney Ke3zinoe komip 601imoepinde ic rncysinoe Konoanwvinamoln KB ynecmik wivi2vicolnvlyy MoHoepi

Tabnuuya 1

3uauenus yoenvnoz2o pacxooa BB, pekomenoosannvie HOpMamueHo-cnpagoYHbIMu 0OKyMeHmamu, u paxmuyecku

npuMeHseMble HA Y20TbHBIX PA3PE3ax npu ux paspadomre skckasamopamu muna IKI

Bucket, Category of rocks by blockiness
R Parameters
m I 1I 11 v A%
m 0.190-0.244 0.190-0.216 0.150-0.160 0.150-0.160 0.150-0.160
S recom I ome 0.2-0.4 0.45-0.6 0.65-0.8 0.8-0.9 0.9-1.0
fact. m 0.216-0.244 0.216-0.244 0.216 0.216 0.216
kg/m? 0.3-0.4 0.5-0.6 0.6-0.7 0.8-0.9 0.95-1.05
m 0.244-0.269 0.244-0.269 0.190-0.216 0.150-0.160 0.150-0.160
0 reeom T o 0.2-035 0.4-0.55 0.6-0.75 0.75-0.85 0.85-0.95
fact. m 0.244-0.269 0.244-0.269 0.216-0.244 0.216 0.216
kg/m? 0.3-0.4 0.5-0.6 0.65-0.75 0.75-0.85 0.9-1.0
m 0.311-0.320 0.311-0.320 0.269-0.311 0.216-0.244 0.216-0.244
s reeom I o/me 0.2-0.3 0.35-0.5 0.55-0.7 0.7-0.8 0.8-0.9
fact. m 0.269 0.269 0.269 0.244 0.244
kg/m? 0.3-0.4 0.5-0.6 0.7-0.8 0.8-0.9 0.95-1.05
m 0.311-0.320 0.311-0.320 0.269-0.311 0.216-0.244 0.216-0.244
reeom. kg/m? 0.2-0.3 0.35-0.45 0.45-0.65 0.65-0.75 0.75-0.85
20 m 0.269 0.269 0.269 0.244 0.244
fact. ke/m? 0.3-0.4 0.5-0.6 0.7-0.8 0.8-0.9 0.95-1.05
Table 2
Volume of blasted rock mass at KRU-Vzryvprom LLC from 2004 to 2009, cub. m
Kecme 2
2004 >cvinoan 2009 sncvinza oeitin « KPY-ancapoinvicy KIIK dotivinuia seapolizan may MaccacvlHovll, Koaemi, Kyo. m
Tabnuua 2
Oovem 630psannoii 2opnoit maccol no 000 «KPY-B3puvienpom» ¢ 2004 no 2009 200, Kyo. m
Branch of JSC «UK «KRU» 2004 2005 2006 2007 2008 2009
Kedrovsky 21953 23989 30922 38920 39,000 32320
Mokhovsky 12008 13012 14154 15845 15444 16407
Sartakinsky 8840 10073 8824 9987 10163 12857
Karakansky 5813 5525 5920 5216 5849 6016
Bachatsky 36858 38186 46129 46571 46990 38597
Krasnobrodsky 27183 31900 37085 44206 50568 37406
Vakhrushevsky 14432 14889 15640 17082 17542 17350
Tallinn 22540 23791 30760 34247 37250 42801
Taiga 3408 8019 12270 16714 18150 21040
Yerunakovsky 7569 9025 9348 9862 10130 12315
Kaltansky 7885 8902 10368 12336 13750 13097
Osinnikovsky 9416 10248 11336 11910 11499 10869
Total of JSC «UK «KRU» 177903 197559 232756 262896 276335 261075
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calculation of drainage of the entire mineral deposit and the
rocks overlying them within the technical boundaries of the
quarries;

- combined method — combines the measures of surface and
underground drainage methods.

When designing the deposits developed by the coal compa-
ny (UK «KRUy»), none of the deposit development plans in-
cluded measures for dewatering the deposits using these meth-
ods. An exception is the «Bachatsky» open-pit mine, where,
from 2000 to 2008, work was carried out on drilling horizontal
drainage wells to ensure the stability of the quarry walls, fol-
lowing recommendations from VNIMI [2—4].

The creation of local drainage systems for individu-
al blocks is possible through preliminary contour blasting,
which creates a gap along the design contour of the bench,
which acts as a kind of obstacle to the movement of ground-
water flows.

The lowest cost for drilling and blasting operations corre-
sponds to a bench height of H = 15 m. The use of contour
blasting allowed for increased bench slopes and pit wall an-
gles, significantly reducing the amount of overburden removal
and positively impacting the economics of blasting and drill-
ing operations. This ensures long-term pit wall stability and
ensures safe mining operations.

A secondary effect is also noted: lowering the groundwa-
ter level, which reduces the proportion of water-resistant ex-
plosives in borehole charges. This, in turn, reduces the cost
of high-explosive water-resistant explosives and reduces the
share of drilling and blasting operations in the cost of ore ex-
traction.

In the cited work, the decrease in water content of the mas-
sif is stated as a concomitant effect, which is not considered or
studied from a systemic perspective positions.

The possibility of using preliminary blasting of some
part of the boreholes with bottom charges to reduce the in-
flux of surface and groundwater within a single drilling and
blasting block is considered to varying degrees in the works
of the Mining Institute of the Ministry of the Black Sea
Fleet of the USSR (1970), as well as the scientific research,
design and engineering and design institute UkrNIIproekt
(1983).

The first of these projects is aimed at reducing waterlogging
of the Kovdor Mining and Processing Plant quarry benches.
The adopted quarry drainage plan included the following:
minimizing the flow of groundwater from Quaternary depos-
its into the quarry, as well as the groundwater level associat-
ed with fractured rock formations; eliminating the possibility
of ice formation on the bench work areas; and ensuring the
removal of groundwater and atmospheric water entering the
quarry.

These deposit features predetermined an effective method
for draining bench work areas by creating directed zones of
increased fracturing and permeability within the bench rock
mass. Such a zone, as demonstrated by the authors, can be
created by pre-blasting a series of boreholes with bottom
charges. As a result, a zone of increased permeability is cre-
ated along the line of bottom charges in the pre-blasted bore-
holes, which serves as a localized drainage system for the
blasted block.
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In our opinion, the use of preliminary contour blasting to re-
duce the water content of blast blocks is most fully reflected in
the works of S.V. Grishin, as well as in our joint publications.

The results of this study are widely used at the coal compa-
ny’s open-pit mines during the preparation of high overburden
blocks requiring the slope of the next bench along the mining
front. The idea is that by incorporating a bottom charge of wa-
ter-resistant explosives into the contour charge design , a zone
of increased filtration can be created along the lower perimeter
of the block; this zone, combined with the gap formed after
blasting the contour borehole system, will act as a local drain-
age system for the block [5].

It should be noted once again that the cited results apply
to high benches that require slopes to ensure safer equipment
operation during coal seam mining (non-transport technolo-
gy) or during the unloading of blasted rock mass immediate-
ly adjacent to the newly formed bench when the excavator is
positioned at the lower working platform. The height of such
open-pit benches is over 30 meters.

Results

The main directions of scientific research into the technol-
ogy, engineering and organization of drilling and blasting op-
erations during the preparation of rock mass in flooded condi-
tions are as follows:

- development of new types of water-resistant explosives
based on ammonium nitrate as a cheap and safe oxidizer in the
composition of simple explosives, with the addition of various
types of components as a combustible component, as well as
means of technologically sufficient long-term protection from
the effects of water [6, 7];

- justification of the parameters of drilling and blasting op-
erations in waterlogged rocks,

- development of means for waterproofing charges of
non-water-resistant explosives and the corresponding technol-
ogy for loading wells;

- development of technical means for removing water from
blastholes before charging them,

- reducing the water content of the blasted massif by creat-
ing quarry or local drainage systems.

The use of dewatering machines simplifies the borehole
charging process, reduces labor intensity, and partially re-
places water-resistant explosives with non-water-resistant
ones. In open-pit mines, this process has been studied using
both compressed air dewatering with foaming additives and
simple water pumping [8]. Similar research and the develop-
ment of recommendations on the technology, organization of
blasting and drilling operations, and the range of explosives
have also been conducted for quarries producing mining and
chemical raw materials with complex hydrogeological con-
ditions [9].

The first of these borehole dewatering methods was devel-
oped, in particular, by the branch of the Research Institute of
Ore Mining and Mining in conjunction with the Kemerovo
Coal Production Association, with the direct participation of
I.B. Katanov. The feasibility of using foam-gel compositions
stems from the ability to prepare them from readily available
foam-gelling components using modernized dewatering ma-
chines available at open-pit mines. Thus, for dewatering blast-
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holes, it was proposed to use the MO-1 dewatering machine,
which operates by removing water from the boreholes using
compressed air and a foaming agent. The unit is mounted on
a MAZ-509 truck and is equipped with a compressor, a mech-
anism for raising and lowering the hose, and a sulfanol tank.
The MO-1 dewatering machine is equipped with a reel for the
dewatering hose and a console for aiming the water-removal
device at the borehole. There is no water drainage.

For wells ranging in diameter from 150 to 311 mm and
depths up to 30 m, the MO-1 dewatering machine can remove
water from wells from 3 to 30 m deep with a capacity of 900
to 1200 1/min. Tests have shown that the machine’s theoreti-
cal capacity, taking into account cycle time, including travel,
maintenance breaks, and the installation of a water-diverting
funnel at the wellhead, is up to 250 wells per shift.

The main disadvantages of the MO-1 are, firstly, a residual
water column of 1-2 meters in the well after water removal,
secondly, the rapid restoration of the well’s water level due
to the discharged water, which remains near the wellhead and
immediately refills the well. After testing, the MO-1 unit was
not widely used. This technology has not found practical ap-
plication in open-pit mines.

In his review papers, B.N. Kutuzov proposed using well de-
watering units, such as the UOS-250, developed by NIPIGor-
mash, to remove water from boreholes with stagnant water
immediately before loading. The operating principle is based
on mechanical pumping of water from boreholes. The unit is
mounted on a GAZ-66 vehicle and equipped with a pump,
drive system, and a hose reel. The unit’s capacity is 250 liters
per minute. A major drawback of this unit is its limited well
dewatering depth of 20 meters.

In open pit mines, water is present to some degree in every
second blasthole. Its presence impedes the formation of prov-
en borehole charge designs that ensure high-quality prepara-
tion of the rock mass for excavation. This applies to charge
dispersal in the presence of water, their waterproofing when
using non-water-resistant explosives, and the means and meth-
ods for stemming heavily watered boreholes.

Due to the predominant volume of stripping operations us-
ing motor vehicles, the majority of flooded wells are up to 30
m deep. However, the water column height is generally limited
to 6 m.

In production conditions, the main technological directions
for increasing the efficiency of blasting operations in flooded

conditions are the improvement of the means and methods for
forming borehole charges in flooded boreholes and the justi-
fied use of special methods for preparing for charging individ-
ual boreholes or a blasting block [10].

The second of these areas includes preliminary contour
blasting as a special means of reducing the water content of
the block and removing water from wells using dewatering
machines.

Preliminary contour blasting is one means of reducing
block water cut. Currently, well-founded recommendations for
contour blast parameters are available for high benches — dual
transport or non-transport benches — where water cut reduction
is achieved simultaneously with backslope blasting to improve
slope stability and ensure the safety of mining operations at the
lower working platform. For predominantly transport overbur-
den volumes, where backslope blasting is not mandatory, pre-
liminary contour blasting to reduce water cut should be con-
sidered a special measure, the feasibility of which has not yet
been studied and lacks scientific justification.

Removing water from boreholes using dewatering ma-
chines can, in some cases, lower the water level for a relative-
ly short period of time. However, there are blasting blocks in
which the water inflow into the boreholes is comparable to the
pump capacity of the dewatering unit, which clearly predeter-
mines the impracticality of using dewatering machines [11].
The conditions for using dewatering machines in relation to
hydrogeological factors, their adaptability when used in con-
junction with charging machines, and the relationship of this
method to preliminary, contour blasting for reducing water
cuts in the block as a whole are currently unresolved issues
that require scientific research.

Conclusion

It follows from the above that the development and study of
the effectiveness of technological means for forming charges
in flooded boreholes, the study of the conditions for the feasi-
bility of contour blasting as a special measure aimed only at
reducing the water content of blast blocks, the establishment
of conditions for the use of drying machines as an alternative
to contour blasting, will make it possible to obtain the results
necessary to increase the effectiveness of blasting operations
not only in open-pit coal mines, but also in the open-pit mining
of other minerals, where the preparation of the rock mass for
excavation is carried out by blasting.
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