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ABSTRACT

Purpose. To investigate the effect of gallery size on blast pull in underground colliery by drilling and blasting
techniques.

Methods. The study conducted in three different underground collieries namely A, B and C located in eastern part of
India has been accomplished by solid blasting using milli-second short delay detonators and wedge cut pattern. The
trial blasts were conducted in underground mines to investigate the effect of gallery size on blast pull.

Findings. From the study it was found that the pull is related to the cross sectional area of the drive. It increases as
the face size increases. This relation is obtained considering width of the gallery in the range of 3.0 — 4.8 m and
height of the gallery in the range of 2.2 —3 m. It is assumed that the angle of the hole and the length of the hole are
optimum, charging and connections being appropriate. Advancement per blast round was found to vary from 0.8 to
1.5 m whereas average advancement per blast round was 0.98 m.

Originality. This is a field study and the results are based on the data collected and analyzed on site. Although simi-
lar studies have been done by various researchers to improve the productivity of the mine for different conditions, the
obtained results are condition, machinery, method and mine specific.

Practical implications. This study is applicable for underground coal mine but can be extended in underground

metal and tunneling projects for improving the blast pull.
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1. INTRODUCTION

Blasting in underground colliery is controlled by coal
mines regulations 1957 and various circulars, issued by
Director General of Mines Safety under those regula-
tions. The adopted technique of blasting must conform to
the following general directives (Singh, 1997).

Coal must be pre-cut to provide a free face and the
length of the short holes must be 15 cm less than the length
of the cut (Sarathy, Vidyasagar, Roy, & Singh, 2013).

The maximum charge per hole is limited to 1kg in
case of P3 and PS5 explosives and to 0.79 kg in case of P1
explosives. Short holes should be neither overcharged
nor undercharged (Kaku, 2009).

In multi short firing the detonators must be connected
in series and fired simultaneously.

For blasting off the solid, P5 class of explosives and
“carrick” series of short delay detonators are permitted
where the number of shots to be fired is in excess of the
capacity of the exploder. The first round may be fired
with short delay detonators and balance with instanta-

neous detonators simultaneously (CMR 1957). The maxi-
mum delay between the first shot and last shot must be
fixed by taking into consideration the make of gas.

The development blast rounds depend on many fac-
tors such as: strength of coal, thickness of coal seam,
structure of the seam, dip of the seam, nature of roof
and floor, strata pressure and ground stresses, method
of working etc.

An effort has been made by Murthy & Ray (2002) to
improve the pull per round at Tandsi mine while placing
emphasis on higher roof stability. A series of trial blasts
consisting of conceptual and full face blasts with modi-
fied wedge cut were carried out in the dip, rise and level
galleries of the mine. From the results it was apparent
that the increase in coal availability by 40% was a sig-
nificant gain along with a marginal improvement in
powder factor, 7 and 42% improvement in detonator
factor due to change in drilling and firing pattern. The
pull obtained with the modified pattern was 39% more,
indicating the suitability of the proposed blast pattern.
They also suggested that higher pull, normally, results in
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higher roof vibration due to increased hole confinement.
However, this confinement was neutralized by the wider
gallery size. The earlier narrow gallery size and improper
drilling pattern both were responsible for higher vibra-
tion and lower pull.

Adhikari & Venkatesh (1995) suggested that drilling
and blasting cost in any project can be as high as 25% of
the total production cost. So the design and implementa-
tion of a blast must be given some priority. By the blast
design parameters optimization the profitability would
increase. They observed that to achieve a certain degree
of refinement in blast design, scientific and systematic
approach is needed.

An average pull of 0.8 to 1.0 m and yield of 10 to
16 tonne per blast in Blasting off the Solid (BOS) have
never been considered satisfactory for optimum utiliza-
tion of men and machines at faces. Efforts to mechanize
bord and pillar workings by introducing intermediate
technology, i.e with SDLs (Side Discharge Loaders) and
LHDs (Load Haul Dumpers) as loading machines, could
not achieve expected production targets due to poor
availability and thither variants of coal at the faces (Roy
& Singh, 2011; Mishra, Sugla, & Singha, 2013). Thus,
conventional method of solid blasting in underground
coal mines in India suffers from low pull and yield per
blast leading to underutilization of men and machines at
face which is the main reason for low production and
productivity of Indian underground coal mines.

2. FIELD STUDY

The study conducted at three different underground
collieries namely A, B and C located in eastern part of
India has been accomplished by solid blasting using
milli-second short delay detonators and wedge cut pat-
tern as shown in Figure 1.
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Figure 1. General wedge cut pattern with blasting sequence

These mines deploy a fleet of Side Discharge
Loaders (SDLs) and Load Haul Dumpers (LHDs) for
mucking the blasted coal. It was found in practice that
the utilization of these costly machines is very low
adding to the cost of mining. This urged an immediate
need to make more coal available by resorting to an
optimum blast design.

The gallery width practiced in the collieries was
from 3 to 4.8 m with height varying from 2.5 to 3 m.
The permitted explosive being used is Senatel 5000,
Pentadyne Solar Coal 5. The seam thickness was 6.5 to
11 m and the depth of excavation was at 180 to 320 m.
The optimum operating width required by the
LHDs/SDLs was 4 m. Therefore, an optimum blast
pattern which could yield higher pull was needed to
meet the mine production target. This study assesses the
reasons, factors and parameters behind the considerable
difference between the theoretical advancement rate and
the pull obtained practically.

3. RESULTS AND DISCUSSION

The study was conducted for the three collieries. The
field observations are presented in Tables 1, 2 and 3.

Table 1. Data obtained and calculated for colliery-A

. Normalization Volume of  Amount . Powder
Face Face Pull, Normalized Normalized
Face height, m  width, m m pull, m* fa}ctor for gallery broken rock, of broken tonnage, e factor,

i i i dimension, N2** m3 coal, te i te/kg
10R/7SL 2.90 423 1.52 1.26 1.06 18.65 26.10 27.60 3.82
10R/7SL 2.74 4.57 1.42 1.18 1.04 17.78 24.89 25.79 3.57
10R/7SL 2.90 4.80 1.5 1.25 0.92 21.23 29.72 27.24 3.77
10R/7SL 3.00 4.26 1.57 1.30 1.00 20.40 28.56 28.51 3.94
10R/7SL 2.98 4.52 1.50 1.25 0.96 20.20 28.29 27.24 3.77
10R/7SL 2.90 4.57 1.48 1.23 0.98 19.61 27.46 26.88 3.72
6D/13SL 2.59 4.80 1.52 1.26 1.03 19.09 26.73 27.60 3.82
6D/13SL 2.74 4.80 1.52 1.26 0.98 20.07 28.10 27.60 3.82
6D/13SL 2.74 4.78 1.10 0.91 0.99 14.41 20.17 19.98 2.76
7D/12SL 2.59 4.72 1.58 1.31 1.06 19.32 27.04 28.69 3.97
7D/12SL 2.59 4.80 1.22 1.01 1.04 15.23 21.32 22.16 3.06
10R/8SL 2.82 4.38 1.30 1.08 1.05 16.06 22.48 23.61 3.27
10R/8SL 3.00 4.80 1.37 1.14 0.87 20.39 28.55 24.88 3.44
10D/8SL 2.90 4.49 1.41 1.17 1.00 18.36 25.70 25.61 3.54
10D/8SL 2.82 4.20 1.32 1.10 1.10 15.63 21.89 23.97 3.32
10D/7SL 2.90 3.95 1.23 1.02 1.13 14.09 19.73 22.34 3.09

*Normalized pull is calculated considering the drill rod length. For colliery-A drill rod length = 1.8 m as against 1.5 m used in col-
liery B and C. Therefore, Normalization factor (N1) for pull is 1.5/1.8 = 0.833.

Achieved Pull = 1.52 m so Normalized Pull = 1.52-0.833 = 1.26 m.

**Normalization Factor N2 is calculated considering an arbitrary gallery dimension = (4.6-2.8) as standard dimension. Hence, the

normalized tonnage = actual tonnage* N2.
N2 =4.6-2.8 actual gallery cross section.
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Table 2. Data obtained and calculated for colliery-B

G Normalization factor ~ Volume of ~ Amount of . Powder
allery Gallery Pull, Normalized
Face height, m width. m m . for gallery broken rock, broken fonnage, te factor,
’ ’ dimension, N2** m? coal, te ’ te/kg
3D/12EL 2.50 3.75 1.08 1.38 10.13 14.18 19.61 3.27
3D/12EL 2.75 3.90 1.05 1.21 11.26 15.77 19.07 3.18
3D/12EL 2.50 3.65 0.90 1.42 8.21 11.50 16.34 2.72
4D/13EL 2.80 3.80 0.85 1.22 9.04 12.66 15.44 2.57
4D/13EL 2.90 3.90 1.02 1.15 11.54 16.15 18.52 3.09
4D/13EL 2.60 3.72 1.04 1.34 10.06 14.08 18.89 3.15
3R/13EL 2.72 3.82 0.92 1.25 9.56 13.38 16.71 2.78
3R/13EL 2.54 3.74 1.05 1.37 9.97 13.96 19.07 3.18
3R/13EL 2.62 3.65 1.02 1.36 9.75 13.66 18.52 3.09
3D/13WL 2.80 3.80 1.10 1.22 11.70 16.39 19.98 3.33
3D/13WL 2.92 3.90 1.08 1.14 12.30 17.22 19.61 3.27
3D/13WL 2.88 3.85 0.95 1.17 10.53 14.75 17.25 2.88
4R/13WL 291 3.85 0.92 1.16 10.31 14.43 16.71 2.78
4R/13WL 2.72 3.68 1.02 1.30 10.21 14.29 18.52 3.09
4R/13WL 2.62 3.72 0.92 1.33 8.97 12.55 16.71 2.78
Table 3. Data obtained and calculated for colliery-C
Normalization factor ~ Volume of ~ Amount of . Powder
Face Face Pull, Normalized

Face height, m width. m m ' for gallery broken rock, broken tonnage, te factor,
i i dimension, N2** m? coal, te ’ te/kg
4D/137EL 2.5 3.8 0.97 1.37 9.22 12.90 17.62 2.94
4D/17EL 2.8 3.9 1.05 1.19 11.47 16.05 19.07 3.18
4D/17EL 2.5 3.6 1.10 1.44 9.90 13.86 19.98 3.33
SR/17EL 2.7 3.8 1.08 1.26 11.08 15.51 19.61 3.27
SR/17EL 2.5 4.1 1.15 1.27 11.79 16.50 20.88 3.48
4R/18EL 2.6 3.8 1.00 1.31 9.88 13.83 18.16 3.03
4R/18EL 2.8 3.7 0.90 1.25 9.32 13.05 16.34 2.72
4R/18EL 2.6 3.0 1.15 1.66 8.97 12.56 20.88 3.48
5D/17TWL 2.5 3.5 1.00 1.48 8.75 12.25 18.16 3.03
5D/17TWL 2.4 3.6 1.02 1.50 8.81 12.34 18.52 3.09
5D/17TWL 2.6 3.8 1.05 1.31 10.37 14.52 19.07 3.18
5D/17EL 2.2 3.7 1.10 1.59 8.95 12.54 19.98 3.33
5D/17EL 2.5 3.5 0.95 1.48 8.31 11.64 17.25 2.88
5D/17EL 24 3.8 1.00 1.42 9.12 12.77 18.16 3.03
SR/17EL 2.5 3.6 0.99 1.44 8.91 12.47 17.98 3.00

3.1 Trends of powder factor in studied mines

It is evident from the Figure 2 that the powder factor
(te/kg) achieved is higher in the case of colliery-A than
the collieries B and C.
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Figure 2. Trends of powder factor in different collieries
This is due to higher pull achieved in wider gallery,

which, in turn, increased the overall production from
the face.
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3.2 Relation between gallery size and pull achieved

Figure 3 shows the graph of relationship between the
developing face cross section and the pull achieved in all
the three collieries.
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Figure 3. Developing gallery cross section vs achieved pull

It shows that the advancement (pull) increases as the
face cross section increases. The increase in face cross
section helps in forming the correct angle of wedge
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during drilling at face and drilling extra holes to create
free face. The correct angle of holes forms a correct
wedge and creates proper free face, which helps increase
pull. It was also observed that in case of colliery-A, the
pull achieved is higher than in the other two collieries,
because of correct drilling of holes and keeping
uncharged holes in the face for creating free face.

4. CONCLUSIONS

The following conclusions may be drawn from this
study:

— pull is related to the cross-sectional area. The gen-
eral trend shows that it increases as the face size increas-
es. This relation is obtained considering width of gallery
in the range of 3 —4.8 m and height of gallery in the
range of 2.2 — 3 m;

—maximum pull is obtained when the drive size is
13 m?;

—higher pull can be achieved by improved drilling
technique as was used in colliery-A, with modified
wedge cut pattern;

— generally, use of a longer drill rod, 1.8 m (colliery-
A) as against commonly used 1.5 m (colliery-B and col-
liery-C) provides an improved normalized pull;

—the angle of drilling must be optimum to achieve
the requisite pull during each blast;

— drilling up to the full length of the drill rod must be
ensured for pull maximization;

— proper stemming should be carried out to prevent
escape of blast energy.
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HA ITOCYBAHHA BUBOIO B IIJIBEMHUX BYT'UVIbBHUX ITAXTAX

b.C. Yoynxapi

Merta. JlociipkeHHS BIIMBY PO3MipiB BUPOOKH Ha IMOCYBaHHs BMOOIO y BYTUIBHIN LIAXTi U BeIEHHI Oyporiapu-
BHUX pOOIT.

Metoauka. JlocmipkeHHS TPOBOIMIKCS HA TPhoX maxTax A, B i C, po3ramoBanux y cximHiit yactuni [amii. ITin-
PUBaHHS IIUIMKA 3IHCHIOBATIOCh METOAOM KIIMHOBOTO BPYOY i3 BUKOPHCTAHHSM IETOHATOPIB 3 MUIICEKyHIHUM YIIOBi-
npHEeHHSM. BuOyxoBa pedoBmHa, mo BHKopHcToByBanmack — Senatel 5000, Pentadyne Solar Coal 5. BumpobyBanbHi
BuOyXH OyJiM MPOBE/IEH] B IIaXTax JUis BUBUEHHS BILUTUBY PO3MIipiB BUPOOKH Ha MOCYBaHHS BUOOKO.

Pe3yabTaTu. ExciepuMeHTanTbHUMI IAXTHAMH JIOCHIKEHHSAMH BCTaHOBJIEHO, IO IOCYBaHHS BHOOIO 3aJIeKHTh
BiJl TIONIEPEYHOTO Mepepizy ITPEKY Ta 3pocTae 31 30UIbLICHHSM IJIOIII MOBEPXHI 320010 3a MOIIHOMIAIBHOIO 3aJIeKHIC-
TIO, OTPUMAHOIO i1 BUPOOOK 1mupuHor0 3.0 — 4.8 M 1 Bucoror 2.2 — 3.0 M. BusHaueHo, 1110 KyTH BCTAHOBJICHHS IIIITY-
piB Ta iX J0BXHHA OyJIM ONTUMANbHI, a 3a0iiiKa 3apsy i 3’ €HaHHS BiANOBIJAIOTH YUHHUM HOpMaTHBaM. BcraHoBIEHO,
110 MOCYBaHHs BUOO0 32 oiuH BUOYX ckiano 0.8 — 1.5 M mpu cepeHiil BenuuuHi mocyBaHHs 320010 0.98 m.

HayxoBa HoBm3Ha. OTprMaHi pe3ynbTaTH BIUIMBY PO3MIipiB BUPOOKH Ha MOCYBaHHS ii BUOOIO IpW MPOBEAEHHI €
HOBHMH JJIs TICBHUX YMOB IIAXT CXiTHOT [HI1, MEeXaHI3MiB i METO/IIB BUIOOYTKY.

[pakTHyna 3HaYMMIicTh. 30UIBIICHHS TONEPEYHOTO MEpepi3y MOBepXHi BHOOIO NO3BOJISIE BU3HAYUTH ONTHUMANb-
HUH KyT KIMHY Tpu OypiHHI mmypiB. OTpuMaHi pe3yibTaTH MalOTh NMPAKTHYHE 3HAYEHHS HE JIIIE JJIS BYTUTBHHIX
[IaxT, & ¥ IS TOJIMIIeHAS TOCYBaHHS BUOOIO TIPH OYIiBHUIITBI TYHEINIB i BUAOOYTKY METAJICBOI PYAH.

Knrouosi cnoea: syzinona waxma, 2ipHuua 6upobxa, NOCY8amHsA 6Ub0I0, KIUHOBUU 6pY0, NiOpUBanHs, OVPIHHA
wnypie

HNCCJIEJOBAHHUE BJIUSIHUA PASMEPOB BBIPABOTKH
HA ITOJIBUT'AHME 3AB0S1 B ITIOA3EMHBIX YI'OJIBHBIX ITAXTAX

b.C. Yoynxapu

Hean. VccienoBanue BiusiHUS pa3MepoB BHIPAOOTKM Ha MOJBUraHKe 32005 B YrOJBHOI 1IaxTe NMpU BeIeHUU Oypo-
B3PBIBHBIX PaboT.
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Metoauka. UccnenoBanusi mpoBoawIMCh Ha Tpex maxtax A, B u C, pacnosio)keHHbIX B BOCTOUHOM yacTu MHauu.
B3pblBaHl/Ie HCJIMKa MPOU3BOANIOCH METOAOM KIIMHOBOT'O pr6a C UCIIOJIb30BAHUEM ACTOHATOPOB C MUJIJIMCEKYHIAHBIM
3ameienreM. Vcrnonbs3zyemoe B3pbiByatoe BemiectBo — Senatel 5000, Pentadyne Solar Coal 5. McnbiTarenbHble B3pbIBbI
OBUTH TIPOBEICHBI B IIAXTaX JJIS H3YYCHUS BIUSHUS Pa3MEPOB BBIPAOOTKH HA TIOJBUTAHKE 320051

Pe3ysabTaThl. DKCIIEPIMEHTAFHBIMU IMAXTHBIMU HCCIICIOBAHUSAMH YCTaHOBIJICHO, UTO IOJBHTAHHUE 32005 3aBUCUT
OT TIONEPEYHOr0 CEUYCHUS MITPEKAa U PACTET C YBEIMYCHHEM ILIOMIAIU MOBEPXHOCTU 32005 MO MOJMHOMHAIHHOMN 3aBH-
CHUMOCTH, TIOJTy4eHHOH IJist BEIpaboToK mupuHOH 3.0 — 4.8 M 1 BeIcoTO# 2.2 — 3.0 M. OmpeienieHo, 9To 4TO YIIIBl YCTa-
HOBKH IIITYPOB U UX JUIMHA OBUTM ONTHMAJBHEL, a 3a00iKa 3apsAaa M COSIMHEHUS COOTBETCTBYIOT ACHCTBYIOMINM HOP-
MaTHBaM. Y CTaHOBIIEHO, YTO TIOABHUTaHKE 320051 32 OMUH B3pHIB cocTaBmio 0.8 — 1.5 M, ipu cpeHed BeTUIUHE TTOIABH-
raaus 32605 0.98 M.

Hayuynas HoBu3Ha. IlomydeHHBIE pe3ynbTaThl BIMSHHASA Pa3MEpPOB BHIPAOOTKH Ha MMOJBUTAaHHUE ee 3a00s MpH IMpo-
BEJICHUU SIBIIAIOTCS. HOBBIMU JIJIS1 ONIPEACTICHHBIX YCIOBUH MIaXT BOCTOYHOH VHANN, MEXaHN3MOB M METOAOB T00BIUH.

IMpakTHYecKkass 3HAYUMOCTD. Y BEJIMYCHHUE MONIEPEYHOT0 CEUYSHHUS TIOBEPXHOCTH 32005 IT03BOJISIET ONPEIEIUTh ONTH-
MaJbHBIN yroji KivHa 1npu 6ypeH1/H/1 Iy poB. HOJ’Iy‘leHHI)Ie PE3YyIbTaThl UMCIOT 3HAYCHHUC HE TOJIBKO I MOA3CMHBIX
YrOJbHBIX AXT, HO U JJId YIIYYHICHUA TOJABUTAHUA 38.60}1 IIpy CTPOUTEIILCTBE TyHHeJ'leﬁ )44 Zl06I)I‘lI/l METAJUIMYECKOHN pyAanbl.

Knrouesvie cnosa: yeonvras waxma, 2opHas eblpabomxa, noogueanue 3a005, KIUHO8bIl 8py0, 63pvleanue, bypeHue
wnypos
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