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EXECUTIVE SUMMARY

This report relotes to the scientific study conducted by the Rock Excovotion
Engineering Division of CSIR-Centrol lnstitute of Mining ond Fuel Reseorch

(CSIR-CIMFR), Dhonbod of Noyogoon-Chenpuro Limestone Deposit,
Neemuch District, Modhyo Prodesh of M/s JK Cement Limited. The moin
objective of ihe study is to ossess the possible odverse impocts of blosting
operotions of the proposed Five Yeor Workings of ihe mine to the neorby
Roilwoy Line ond to recommend controlled blosting potterns for corrying out
sofe ond efficient blosiing operotions without endongering the sofety of
Roilwoy Line ond residentiol houses/structures of the neorby villoges. The site

visit wos conducted on 29tn September, 20?1 to identify ond study the
different components of Roilwoy Line, residentiol houses ond other structures
present neor the Mining Leose oreo. To ossess the possible impocts of
blosting on the roilwoy line, the ground vibrotion doto recorded in the
eorlier scientific studies conducted by CSIR-CIMFR of the neorby mines of JK

Cement Limiied ond Vikrom Cement Works of M/s UltroTech Limited hove
been utilized.

The observotions mode during the site visit, ossessment of blosting impocts,
conclusions ond recommendotions mode in the report ore summorized
below.

Khondwo-Rotlom-Ajmer Section of Western Roilwoys is possing olong
the eostern boundory of the Mining Leose oreo. The distonce of the
roilwoy line from the Mining Leose boundory voried from 60 to ,I00 

m.

The Minimum ond Moximum distonce of I st Five Yeor working from the
Roilwoy line is 150 m ond 290 m respectively.

Amongst the different components of Roilwoy Line, roilwoy sleeper,
sieel roils, different ports of the overheod line electrificotions viz. most,
electric line, insulotors, rigid suspension etc. ond the underposs ore
found to be vulneroble from blost induced ground vibrotion ond flyrock.

t

(t)

(2)
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(3) Chenpuro villoge is locoted in the western side of the Mining Leose ot
the distonce of 170 m from the Mining Leose boundory. Gondhi colony
is olso locoted jusi outside the Mining Leose oreo in ihe eostern side.

However, the distonce of Gondhi colony from the proposed

lst Five Yeor Working is740 m ond Chenpuro villoge is 350 m.

(4) For the ossessment possible blosting impocts to the Roilwoy Line ond
neorby villoge houses/siructures, the ground vibrotion predictor

equotion olreody developed by CSIR-CIMFR of the neorby mine of JK

Cement situoied of Nimbohero hove been used. The mines ot
Nimbohero hove the similor geo-mining condition with the study mine.

(5) Bosed on the dominont frequencies obtoined of different mines of JK

Cement Limited of Nimbohero ond Vikrom Cement of M/s UliroTech ot
Neemuch, ihe sofe level of PPV for the different structures of Roilwoy

Line hos been token os 20 mm/s. However, for the villoge houses ond
other structures present of Chenpuro villoge ond Gondhi Colony, the

sofe level of PPV hos been considered os l0 mm/s.

(6) Bosed on the ossessmenl of ground vibrotion levels for different
explosive chorge quontities of vorious distonces, blosting operolions
con be corried out sofely without offecting ond endongering the

Roilwoy [ine. Similorly, blosting operolions con be corried out sofely
wilhout offecting the hobilonts ond residenliql houses/structures of
Chenpuro villoge ond Gondhi Colony

(7) Controlled blost design potterns hove been recommended for
conducting sofe blosting operoiions neorby .the Roilwoy Line. The

recommended blost design porometers ond firing potterns of holes ore
given in Toble 7.1 ond Figures 7.1 to 7.14 of the report. Similorly, the
recommended controlled blost design porometers for the sofety of
residentiol houses ond other structures of the neorby villoges ore given

in Toble 7.2 of the report.

i. l
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(8) lt is recommended to muffle the entire blosting oreo using blosting

mots/wire-mesh/conveyor belts with sufficient sondbogs within the

blosting zone of .l00 -,I50 m from the Roilwoy Line. Within the blosting

zone of ,l50 
to 200 m from the Roilwoy Line, oll the blost holes should be

covered with either wire-mesh or conveyor belts ond sufficient

sondbogs.

(9) Blosting time should be fixed in consultotion with the Roilwoy

Deportmeni. No blosting operotion should be conducted durlng ony

troin movement neor the mining leose oreo.

('10) Nonel (Shock Tube) initiotion system is recommended for in-hole

explosive initiotion ond surfoce hole-to-hole firing. For effecfive control

on ground vibrotions, the recommended moximum scottering of deloys

in cose of TLD is + 5 ms ond for DTH, ihe suggested limit for scottering of

deloy is + l0 ms.

t,

Dr.'C. Sawmliana
Sr. Prin.;ipal licreniist & HOS

-^.- l*k Excavation Engineering Di,.: in
CSIR-Central lnstiture of Mining ani Fue, Research
3anrua Road, Dhanbad-826015 Lhart<harl 1if,fOln1

\*' '



CSIR-CentraI Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826075

r.0 INTRODUCTION

Noyogoon-Chenpuro Limestone Deposit is locoted in Noyogoon ond

Chenpuro villoges, Neemuch District in the Stote of Modhyo Piodesh.

Noyogoon is locoted within Jowod Tehsil, whereos Chenpuro is in Neemuch

Tehsil. This limestone deposit over on oreo of 206.354 Hectores is plonning to

be exploited by J. K. Cement Limited, o compony belonging to J.K.

Orgonisotion. The limestone deposit will be mined by on opencost mining

method by odopting o system of deep hole drilling ond blosting ond/or

working with heovy mochineries. The mine will thus be folling under 'A'

cotegory of fully mechonized type. The proposed drill hole diometer for the

blosting operotions os per the mine plon is I l0 mm with hole depth vorying

from 6 m to 7 m. The totol proposed production of limestone io meet the

plont requirement is oboul2.50 MT per onnum .

A roilwoy line of Western Roilwoy (Khondwo-Rotlom-Ajmer section) is possing

oll olong the eostern boundory of the Mining Leose (ML) oreo of o distonce

of obout 60 - 100 m from leose boundory. The Minimum ond Moximum

distonce of lst Five Yeor Working from the Roilwoy line is 
.l50 m ond 290 m

respectively. Chenpuro villoge is olso locoied of obout 170 m from the

mining leose boundory. Gondhi Colony is locoted of obout 740 m from the

proposed I st Five Yeor Working Areo. Hence, the blosting operotions of the

proposed limestone mine moy impoct on the neorby roilwoy line os well os

the residentiol houses ond others structures of the neorby villoges if

controlled blosting operotions ore not followed. Therefore, it is necessory to

ossess the possible blosting impocts on the roilwoy lines ond villoge

houses/structures not belonging to the owner.

The moin objective of the study is to ossess the possible odverse impocts of

blosting operotions of the proposed limestone mine on ihe Roilwoy Line ond

to recommend controlled blost design potterns for conduciing sofe ond

efficient blosting operotions without offecting the roilwoy line os well os

neorby residentiol houses/structures of the neorby locolities. ln order to
identify ond study the different structures present neorby the mining leose

oreo, o site visit wos conducted on 29tn September,2021. The exoct locotion

'von4
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of roilwoy line from the mining leose boundory, different feotures of the

roilwoy line, type of the residentiol houses ond other importont structures

were ossessed ond studied.

This report contoins the ossessment of possible impocts of blosting operotions
to the roilwoy line ond other structures of the neorby villoges. The controlled
blost design potterns for the different blosting zones from the roilwoy line ond
neorby villoges hove been recommended for conducting sofe ond efficient
blosting operotions of the proposed opencopt mine of Noyogoon-Chenpuro
Limestone Deposit.

2.0 BRIEF INFORMATION AND GEOTOGY OF THE MINE

Brief lnformqtion of the Mine

Noyogoon-Chenpuro Limestone Block is locoted in villoges Noyogoon ond
Chenpuro in the district of Neemuch, Modhyo Prodesh. Noyogoon is

locoted in Jowod Tehsil ond Chenpuro is locoted in Neemuch. The block lies

between Lotitude 24" 31' 35.78" Io 24" 34' 33.65" (Northing) ond Longitude
74" 44'53.91" to74o 46'27.65" (Eosting). The oreo is covered by Survey of
lndio Toposheet no. 45 Ll14 on l:50K scole. Ihe totol oreo opplied for gront
of Mining leose wos 206.40 hectores, out of which 0.046 hectores oreo hove
been curtoiled by the Stote Government ond the bolonce oreo of 206.354

ho hove been gronted for Mining Leose.

The deposit is proposed to be worked by fully mechonized opencost
method. Deep hole drilling ond blosting will be corried out for the
excovotion of overburden os well os limestone deposit. The initiol box cut of
the dimension of 363 m (N-S) x 405m (E-W) wili be token in the southern block
of mining leose oreo demorcoted for obtoining the torgeted production of
first five yeor period. Mining operotion i.e. developmeni will be storted from
4671466m ond pit bottom will be ochieved ol 448 m ond the sump will be
developed of one end ond pit bottom grodient will be l:,l00 towords the
west of ihe working pit. The torgeted production of first yeor to fifth yeor will

be ochieved from on oreo of the dimension of 146724 m2 ond it will beM"
Dr^ C. Salumiiaita
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worked down to the depth of l8 meters, touching the level of MRL 448m in

the pit floor.

One development cum production bench ond two production benches of

6m height eoch will be excovoted to ochieve moximum production of 2.50

Million tonnes of Limestone per onnum when the mine will be fully

developed. The individuol bench foces will be kept sloping of 10 degrees of

verticol. The ultimote pit slope will be mointoined of 45" or less from

horizontol. Bench floor will be kept horizontol. Slopes will be directed towords
the noturol grodient of the odjoining oreo, owoy from operoting foces. A

droinoge ditch will be constructed ond connect it to the moin gorlond droin

oround the working pit. The yeor-wise production plonning for the First Five

Yeor period is given in Toble 2.1.

2.2 Geology of lhe Mine

2.2.'l Regionol Geology

Geologicolly, the oreo represent rocks grouped under Semri, Koimur, Rewo

ond Bhonder Groups of Vindhyon Super Group of Meso to Neoproterozoic
oge ond is followed by thick pile of bosoltic rock of Deccon trops of Upper
Cretoceous to Poloogene oge, loterite of Coinozoic ond Alluvium of
Pleistocene to Recent oge. The 'Binoto Shole' is the lower most unit of the
Khorip/Semri Group. lt comprises grey shole with thin beds of white ond pink

Toble 2.1. Yeor wise production plonning for five yeors period

YEAR PIT
NO.

OVER-
BURDER. M3

CEMENT GMDE
LIMESTONE
IN TONNES

SUB GMDE
LIMESTONE IN

TONNES

TOTAL
PRODUCTION

IN TONNES

STRIPPING
MTIO

I

PIT

NO.1

13937 7L520 1.32821 204347 1:0.06

II 9796 778440 331393 509833 1,:0.02

III 1+276 282890 525365 808255 7:0.02

IV 17483 362135 672535 1.034670 1:0.02

V 34088 875929 7626725 2502654 1:0.01

cloy ond is conformobly overloin by grey ond pink sondstone of the Jhiron

e
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Sondstone which occurs os inliers in ihe Deccon trop. The Jhiron Sondstone

formotion is overloin by grey, pole & greenish colour Bori Shole. Nimbohero

limestone overlies the Bori Shole. The Nimbohero limestone is fine groined,

non crystolline ond compoct even bedded ond slobby. lt vories in thickness

from 10 cm to more thon o meter. The Nimbohero Limestone is overloin by

Suket Shole, which occurs in low lying ploins focing the Koimur scorps. lt is

orgilloceous, khoki brown, grey, greenish thinly bedded to lominoted shole

with interbeds of siltstone, sondstone ond thinly lominoted limestone ond the

upper port is Glouconiie beoring greenish shole.

The generol trend of the formotions is N-S& NNE-SSW to NE-SW with generolly

shollow dip to both eost ond wesi. ln the northeost port of the oreo, Suket

Shole is grouped under Khorip Group/Semri Group. The Suket Shole is

overloin by Morwon Sondstone of Koimur Group of Upper Vindhyon Group

on the north western side ond Deccon trops on the northeost side. The beds

ore sub horizontol with o shollow dip iowords North. ln the northern port of
the oreo, the sondstone is thickly bedded neor Rowotbhoto ond the top is

chorocterised by glouconitic beoring thick coorse frioble sondstone. Cross

bedding ond ripple morks on primory structures indicote thot Poloeo current

direction is towords west. The Ponoli Shole overlies the Morwon Sondsione

followed by Diken Sondstone. These rocks ore well developed in volley
portion. The Ponoli Shole occurs os lensoidol, buff ond greenish grey shole

ond hos o vorying thickness from one meter to 30 meters.

The Ponoli Shole with increosing orenoceous content grodes into purple fine
groined thin to thickly bedded Diken Sondstone. The primory structure cross

bedding ond ripple morks ore olso prominent. Rewo Group is represented by
Ponno Shole, Dehpuro Sondstone (correloted with lower Rewo Sondstone),

Rotongorh Shole (equivolent of Jhiri Shole) ond Umor Sondstone (correloted

with upper Rewo Sondstone) ond conformobly overlies the Diken Sondstone
in the NW port. The regionol geologicol successions ore given in Tqble 2.2.

Dr. C. $awrniiairia
Sr. Prlnr:ipal Scie;-tist ii, |jOS
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oble 2.2. The col successions
LITHOLOGY STATIGRAPHIC STATUS AGE

ALLUVIUM RECENT PLEISTOCENE TO RECENT

LATERITE CAINOZOIC

5 AA & 2 PAHOEHOE TYPE BASALTIC FLOW
3 AA BASALTIC FLOWS

KANKARIYA
PIRUKHERI
FORMATION

MALWA
GROUP

UPPER CRETACEOUS TO
PALEOGENE

PEBBLES, COBBLES AND BOULDERS
EMBEDDED IN A FERRUGINOUS AND SANDY
CLAY MATRIX

ANTRALIA
BOULDER
BED I'=TALCHIRI

LOWER
GONDWANA

UPPER CARBONIFEROUS
TO PERMIAN

SINGOLI LIMESTONE WITH ARGILLACEOUS
BANDS
GANURGARH SHALE WITH SILTSTONE
INTERBEDS

BHANDER GROUP

VINDHYAN
SUPER
GROUP

NEO PROTEROZIC

UMAR SANDSTONE
MTANGARH SHALE WITH SILTSTONE
INTERBEDS
DEHPUM SANDSTONE, AGRILLACEOUS AT
TOP & BOTTOM
PANNA SHALE WITH SILTSTONE, LIMESTONE
INTERBED

REWA GROUP

DIKEN QUARTZITIC SANDSTONE
PANOLI SHALE WITH INTERBEDS OF

SILTSTONE
MORWAN QUARTZITIC SANDSTONE, COARSE
AND GITTY NEAR THE BASE

KAIMUR GROUP

SUKET SHALE WITH INTERBEDS OF

SILTSTONE AND SANDSTONE,
NIMBAHERA LIMESTONE
BARI SHALE

JHIRAN SANDSTONE
BINOTA SHALE

KHORIP/SEMRI

BHILWARA
GROUP

MESO PROTEROZOIC

ARCHAEAN

Ref: -GSI District Resource Map

2.2.2 Locol Geology (Geology of Mining Leose Areo)

The rocks exposed in the oreo, under considerotion, opporenily belong to
Khorip Group (previously known CIs Semri Series) under the Lower Vindhyon of
Vindhyon Super Group. ln Noyogoon - Chenpuro Limestone Mine/Deposit,
vost oreo comprising 206.354 ho consists of o conformoble sedlmentory
pockoge of shole ond limestone. The generol trend of rock formotions is N-S,

NNE-SSW to NE-SW with generolly shollow to moderote dip either eosterly or

westerly.

The western port of the oreo is occupied by Shole or it is terminol oreo of
minerolizotion while eostern port of the oreo shows limestone minerolizotion
proved from l7 m lo 98 m depth i.e. middle to eostern port of centrol zone in

Chenpuro villoge ond northern port of the oreo i.e. Noyogoon villoge hos

tl t ,r- l0
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been proved for 40-69mthick

Colcoreous Shole/Shole. The

os follows:

limestone ond this

locol strotigrophic
limestone is resting over the

succession in the ML oreo is

Soil/ Alluvium

Grey Limestone (GL)

Pink Limesione-2

Light Greenish Grey Limestone with thin interbonds
of greenish colcoreous Chert (LGL)

Pink Limestone-l

Limestone interbonded with shole

Colcoreous Shole

Grey, green, brown Shole

Sondstone/Grit/Cepglomerote
Bose not seen

3.0 BASIC BTAST DESIGN PARAMETERS

Mony foctors influence rock breokoge by blosting. These foctors con be
clossified broodly into two cotegories, such os uncontrolloble ond
controlloble foctors. The uncontrolloble foctors ore the geology ond noture

of the rock deposit. These ore moinly rock ond rock moss properties such os

lithology, joint ond bedding porometers, stress field, woter content ond
different physico-mechonicol properties of fhe rocks. The controlloble
foctors ore the bosic blost design porometers including explosive properties.

The bosic blost design porometers ond environmentol impocts thereof
resulted in o blosting operotion ore described in the following section.

3.r Bench Height

The selection for on optimum bench height
stobility of the formotion, thickness of the
equipment to be deployed etc. Higher

blosthole length ond lorger drill diometer.

ond width depends on inherent
formotion, drilling ond looding
bench height required more

This could olso result in ground
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vibrotion ond flyrock problems when the dwelling oreos ond different

structures ore existed neor by the blosting site.

Hole Diometer

The choice of blosthole diomeier depends moinly on frogmentotion size

required, bench heighi ond geology of the formotion. lt olso depends on

the overoll economics in relotion to the initiol investment ond the operoting

cost. Better ond finer frogmentotion could be ochieved with smoller hole

diometer. Control of ground vibrotion ond flyrock ore olso much eosier in

smoller diometer thon lorger hole diometer. However, drilling cost generolly

increoses os blosthole diometer decreoses.

Hole Depth

The required hole depth depends on the bench height, inclinotion of hole

ond sub-grode drilling. Sub-grode drilling, on the other hond, depends on

the stroto condition of the toe portion. With o horizontol bedding plone ond

softer formotion of the toe, use of sub-grode drilling moy not be necessory.

However, with higher dip of bedding plone or presence of horder stroto ot
the toe portion, more sub-drilling length is required to ovoid toe problem ond

irregulor floor. Length of sub-grode drilling generolly vories between zero ond

0.3 times the burden.

Burden ond Spocing

Burden is the minimum distonce from the oxis of o blosthole ond the free

foce whereos spocing is the disionce between consecutive blostholes in the

some row. The volues of burden ond spocing depend upon blosihole

diometer, properties of rock ond explosive, bench height ond the desired

degree of frogmentotion os well os muck displocement. Depending upon

the properties of rock moss, burden volue generolly vories between 25 ond
40 times the hole diometer. Different reseorchers to colculote burden volue

hove suggested numerous formulos. Out of these formuloe, the most

commonly used equotion for the colculotion of burden volue os given by

3.3e

3.4
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(3.1)

Where,

B = Burden in inches
pe = Specific grovity of explosive

pr = Specific grovity of rock

De = Diometer of explosive in inches (for bulk explosive, it is the

diomeier of drill hole)

The volue of spocing is colculoted in function with the burden, deloy timing

between blostholes ond the initiotion sequence. ln generol, spocing volue

vories between ,l.2 
ond 2.0 times the burden volue.

Stemming Length

Stemming is the portion of blost hole which hos been pocked with inert

moteriol obove the chorge so os to confine ond retoin the goses produced

by the explosion before the octuol burden movement. Stemming length

depends upon the noture of rock blosted, required throw, frogmentotion os

well os the type ond size of stemming moteriols. Stemming length con be

voried widely, ronging between n ond 60 times the hole diometer.
Whenever possible, stemming length of more thon 25 times the blosthole

diometer should be mointoined in order to ovoid flyrock, oir blost, cuioffs
ond overbreok.

Exptosive Type

The type of explosives to be used depends on properties of rock to be
frogmented, ground woter condition ond ovoilobility in morket. ln hord ond
mossive formotions, explosive with higher density ond higher strength is

required for proper frogmentotion. However, in softer formotion ond heovily
jointed rock moss, low density explosive with lower strength moy be used.
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3.7

4.0

Specific Chorge/Powder Fqctor

The quontity of explosive (kg) required to frogment one cubic meire of rock

is colled os specific chorge or chorge foctor (kg/ms). The specific chorge
increoses with on increose in diometer of blosthole, rock strength, degree of
frogmentotion, displocement ond swelling desired. The wide ronge of
specific chore for different types for rock in cose of surfoce bench blosting is
given in Toble 3.1. ln some ploces, specific chorge is olso termed os chorge
foctor (kg/m3).

Toble 3.1: Ronges of specific chorge for bench blosting in surfoce mines

(ofter Jimeno et ol., 1995)

Types of rock Specific chorge (kg/m3)

Mossive ond high strength rock 0.60 - 1.50

Medium strength rock 0.30 - 0.60

Highly fissured rocks, weothered or soft 0.r0 - 0.30

IMPACT OF BLASTING ON SURROUNDING ENVIRONMENTS

Only 15-30% of the totol energy generoted from the detonotion of on

explosive chorge inside o blosthole is estimoted to be used for the octuol
rock breokoge. Rest of the energy is wosted in the form of ground vibrotion,
noise ond flyrock. These ore the moin environmentol impocfs resulted from

surfoce blosting operotions. Toxic fumes generoted from blosting con olso

offeci the working environment, especiolly in underground mines, tunnel,

etc. However, this effect is less environmentol concerned in cose of surfoce
blosting in comporison to ground vibrofion, flyrock ond noise. Hence,

fundomentol concepts on these three environmentol impocts creoted by
surfoce blosting ore discussed in this section.

Blosl lnduced Ground Vibrotion

When on explosive chorge inside o blosthole is detonoted, the explosive is

converted into o hot gos of intense pressure. A steep wove front trovels into
the rock, crushing it for roughly twice the rodius of the originol blosthole,

4.1
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depending upon the resistonce of the rock (Figure 4.1). ln mony rock types,

the covity thot is formed hos obout four times the volume of the originol hole

oround the chorge. Mony rodiol crocks stort to form os the covity exponds.

However, o few of the crocks become dominont ond the other stop

growing. The exponding goses continue to work on the rock, extending the

crocks, ond moving the rock upword ond outword. This octivity tokes ploce
in the zone of intended work on ihe rock, breoking it ond moving it for

excovotion.

Beyond the perimeter of domoge rock zone, the pulses ore colled elosiic
woves or seismic woves, meoning thot there is no further domoge to the
rock or ony permonent displocement of the rock properties. Seismic woves
generoted from blosting source trovel in oll directions. As they trovel through
the medium, they couse porticle of ihe medium in motion which is colled
vibrotion.

Exignded !
boreholeuadius ofldl

1. Crushed Zone
2. Severely Fractured Zone
3. Moderately Fractured Zone

detohotion t. '
l\\\

Fig. 4.1: Different zones of rock deformotion oround o blost hole

The velocity of o porticle of ony instont of time during the vibrotion
disturbonce is colled os poriicle velocity. The moximum velocity from the
position of resi is peok porticle velocity or in short 'PPV'. PPV hos troditionolly
been used os o meon to estoblish the degree of blost domoge.
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4.1.1 Foctors Affecting Vibrotion lntensity ond Chorqcleristics

The intensity ond chorocteristics of ground vibrotion generoted from o
blosting source depend upon different porometers such os:

tr Locol geology

tr Chorge weight per deloy
B Distonce from the point of blost

tr Deloy period

tr Spotiol distribution of explosive chorge
tr Confinement
tr Type of explosive

The locol surrounding geology hos o greot influence on the intensity ond
chorocter.istics of ground vibrotion. The frequencies of seismic woves
produced from blosting moinly depend' on noture of the tronsmitting

medium ond the distonce of meosurement. lf geologicol formotion of the
' rock stroto in o porticulor oreo is hoving mossive formotion with shollow soil

cover, the blost ,vibrotion will be chorocterized by relotively lower

frequencies. However, if the oreo oround the blosting site hos o deep
covering of soil ond jointed rock formotions, the vibrotion will be
chorocterized by relotively lower frequencies ond lorger displocement. Also

with increosing the distonce, high frequency woves ottenuote ond only
lower frequency wove con trovel to o lorger distonce. The mognitude of
ground vibrotion olso increoses with decreose in distonce of observotion
from the blosting source ond vice-verso.

ln o blost where more thon one period number of detonotors is used, the
lorgest chorge per deloy hos the mosi direct influence on vibrotion intensity

ond not the totol chorge used for the blost, os long os the deloy intervol is

sufficient to ovoid construciive interferences between the woves generoted
by the different group of holes (Jimeno et ol., 1995). A deloy intervol of B ond
9 ms were suggested by Duvol & Petkof (,l959) ond Duvol & Fogelson (1962)

to eliminofe constructive interferences of different seismic woves generoted
from blosting. For the some chorge weight per deloy, vibrotions produced
from o single lorge hole diometer would be more ihon those generoted from

16
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more number of holes with smoller diometer due to the spoiiol disiribution of

explosive chorge (Oriord, 2002).

The confinement of explosive chorge such os more burden ond spocing

volues, deeply buried chorge (excessive stemming length) ond presence of

blosted moteriol of the foce (choked foce) generolly increose the level of
ground vibrotion. Explosives hoving lower borehole pressures olso produce

lower vibrotion thon those explosives hoving higher strength wiih more

detonotion pressure.

4.1.2 Ground Vibrotion Stondords in lndio

Peok porticle velocity (PPV) is moinly used to form fhe bosis of blost domoge
criterio for different types of structures. The prescribed permissible limits of the

Directorote Generol of Mines Sofety {DGMS) on ground vibrotions for

different type of structures depending on ihe frequency of blost woves
(Technicol Circulor No. 7, 1997) ore given in Toble 4.I. The ground vibrotion

stondords hove olso been given by the lndion Stondord of lnstitution (lS:

6922) on the bosis of the ground condition os given in Toble 4.2. The 15:.6922

(1973) is opplicoble to normol structures like building, elevoted structures,

bridges, retoining wolls, concrete ond mosonry doms constructed in

moteriols like brick wolls, stone mosonry ond concrete.

Toble 4..l: DGMS-prescribed permissible limit of ground vibrotions

(Technicol Circulor No.7, 1997)

Type of structure Dominoni excitotion
frequency, Hz

<8Hz 8-25 Hz >25 Hz

(A) Buildings/structures nol belong lo the owner

I . Domestic houses/structures
(Kuchcho, brick & cement)

5 t0 t5

2. lndustriol buildings r0 20 25

3. Objecis of historicol importonce
ond sensitive structures

2 5 t0

(B) Buildings belonging lo owner with limited spon of life

I . Domestic houses/structures t0 t5 25

2. lndustriol buildings 1( 25 50

1"ay
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Toble 4.2: Peok Porticle velocity os domoge criterio for different types of rocks

(ofter lndion Stondord lnstituiion, 13.6922, Sec. 4.1.1.2, 1973)

Soil, weothered or soft rock conditions 70 mm/s

Hord rock conditions lO0 mm/s

,

4.1.3 Generol Control Meosures to Reduce Ground Vibrotion

\_t

The followings ore some of the principol reosons thot con be token into

occount for reducing blost generoted ground vibrotions:

tr Minimizing the explosive chorge per deloy by reducing drill hole

diomefer, blosthole depth, decking the explosive chorges in o hole ond

initioting them of different times.

E Reduce the number of blostholes hoving instontoneous detonotors by

using more number of deloy detonotors.

tr Choose effective deloy time between holes ond rows which ovoid wove

interoction ond give good rock displocement.

tr Set the initiotion sequence in o woy thot it progresses owoy from the

structures to be protecied.

tr Mointoin bench height to burden rotio more thon two ond use

odequote powder foctor to decreose over confinement of explosive

chorge.

tr Use the lorgesi possible free foce blosi oreo ond ovoid choked foce
blosting.

4.2 Flyrock

Flyrock, olso colled rock throw, is the uncontrolled propelling of rock

frogments produced in blosting. Flyrock constitutes one of the moin sources

of moteriol domoge ond horm to people. The possible couses of flyrock,

which ore commonly encountered during ony bench blosting in surfoce

mine, ore depicted in Figures 4.2 (A to G).

lj--J:-{?^-^ok{tY **Ll
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t

(A) lncline hole cousing less toe burden

Void/cavity filled with explosive

Mud seam/clay

Brno
<_+

(B) Under-confined ot the toe

(C) Too less front burden (D) Too lorge front burden

,1, 7

Excessive explosive charge

(E) Covity, open joint ond mud seom (F) Excessive chorge ond very smoll top stemming

(G) lnodequote deloy timing (Bock rows)

Fio.4.2: Common couses of flyrock in surfoce bench blosting
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The control meosures of flyrock in surfoce blosting operotion ore given

below-

tr The primory meons of controlling flyrock is through proper blost design

ond deloy timing. The consistency of the burden, speciolly the front

burden (distonce between first row to free foce) must be mointoined.

tr Bench height to burden rotio less thon .l.5 should be ovoided. The

spocing of obout 1.2 - 2.0 times the burden is suggested to reduce the

flyrock"

While looding o shot, the bloster must be owore of his true powder foctor
(in m3/kg i.e. reverse of chorge foctor) in terms of the omount of

explosive to be chorged for the quontity of rock to be frogmented.

Chorging of excessive explosive quontity must be ovoided.

When firing more thon one row of holes, sufficient deloys should be used

between the two sequence of rows of holes. Bosed on the observotions,

deloys of of leost 50 ms or more should be used between two

consecutive rows.

Length of stemming column should be greoter thon or of leost equol to
25 times the hole diometer. For better protection, it moy olso be token os

greoter thon or equol to the burden.

The blosting site should olwoys be inspected before morking the holes. lf

ony open joints ond cloy fillings ore present in the bench, on odjustmenf

should be mode in the drilling pottern.

Before looding, blosting officiols should olwoys check the hole depths

ond ensure thot the holes ore drilled os per the blost design. Any chonge
in the blost design should be corefully considered from the stondpoint of

its potentiol effect on flyrock.

l,

All loose pieces of rock from the blosting site

chorging.
should be cleored before
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Accidents due to lock of blost oreo security ore commonly coused in the

mines due to following reosons, which should be strictly token core of in oll

the blosting operotions.

a Foilure to evocuote the blost oreo by employees ond visitors,

tr Foilure to understond the instructions of the bloster or supervisor,

r lnodequote guording of the occess roods leoding to the blost oreo,

tr Toking shelter of on unsofe locotion or inside o weok structure.

Blost-induced Noise/oir overpressure

Noise or oir blost/oir overpressure is considered to be one of the most

hozordous environmentol disturbonces creoted by blosting operotion. Blost-

induced oir overpressure is the energy tronsmitted from the blost site within

the otmosphere in the form of o series of pressure woves. Overpressure

simply meons the pressure over ond obove thot of otmospheric pressure

being present ond the term oir overpressure is used to describe the oirwove
generoted by blosting. Air overpressure is formed either by the direct oction

of the explosion products from on unco-nfined explosive in the oir or by the

direction of o confining moteriol subjected to blost looding. The pressure

wove consists of both oudible (noise) ond sub-oudible (concussion) energy.

The moximum excess pressure in this wove is known os the peok oir

overpressure, generolly meosured in decibels (dB) using the lineor

frequency-weighting (L). The decibel is defined in term of oir overpressure

with the equotion:

AOP = (4.1)

Where,
AOP = oir overpressure in dB,

P = meosured overpressure in N/mz, ond
Po - pr€ssure of the lowest oudible sound (2.0 x t 0-0 N/m2).
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4.3.1 Foclors Affecting Air overpressure

Oriord (2002) listed out the vorious foctors contributing to oir overpressure

ond orronged roughly in order of decreosing importonce os follow:

Moximum chorge weight per deloy
Depth of buriol of the explosive chorges

Exposed detonoting moteriols on the ground surfoce

Atmospheric condition
Topogrophy
Volume of disploced rock

Deloy intervol ond orientotion

4.3.2 Air overpressure Stondords

Air overpressure generoted due to biosting generolly couses minor structurol

domoge such os gloss window breokoge. No mojor structurol domoge is

usuolly reported due to oir overpressure unlike in the cose of ground

vibrotion. Presently, no stondord / regulotion or guidelines ore ovoiloble in

lndio by the regulotory ogencies regording the permissible levels of oir

overpressure ond noise from blosiing operotion. The typicol oir overpressure

limits os given by Oriord (2002) ond the limits recommended by United Stotes

Bureou of Mines (USBM) for surfoce mine blosting ore given in Toble 4.3 ond
Toble 4.4 respectively. Toble 4.5 shows Centrol Pollution Control Boord

(CPCB), lndio's permissible levels for noise exposure for work zone oreo os

prescribed under Model Rules of Foctories Act, 1948.

Toble 4.3: Typicol oir overpressure criterio (After Oriord, 2002)

171 dB Generol window breokoge
'I(l
tJt dB Occosionol window breokoge
140 dB Long-term history of opplicotion os o sofe project specificotions
i34 dB Bureou of Mines recommendotion following o study of lorge-scole

surfoce mine blosting
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j

t,

Toble 4.4: Au overpressure limits recommended by USBM for

Toble 4.5: Centrol Pollution Control Boord (CPCB) permissible levels for noise
SUTC

Peok sound pressure in dB Permitted number of impulse or impoct/doy
140 100

135 31s

r30 r 000

125 3160

120 r 0000

for work zone oreo

Nofe:
I. No exposure in excess of 140 dB peok sound pressure levelis permitted.

2.For ony peok sound pressure level folling in befween ony figure ond the nexf
higher or lower figure os indicofe d in column l, the permitted number impulses

or impocts per doy is to be determined extrapolation on o proportionofe bosis

4.3.3 Generol ControlMeosures to Reduce Noise/Air overpressure

tr lncreose confinement of explosive chorge (i.e. buriol depth of explosive)

with longer stemming height (greoter thon 25 fimes the blosthole

diometer) ond ovoid shollow hole depth ond plosier shooting.

u Minimize explosive chorge weight per deloy by using proper deloy to
reduce direct influence on oir overpressure.

a Choose deQy times so ihot the blost progresses olong the foce velocity

lower thon thot of sound in the oir (320 m/s).

a Avoid using detonoting cord, ond when it is completely unovoidoble,
cover it with sond/soil/drill cuttings of o minimum thickness of l0 to 15 cm.

tr Never conduct blosting when the direction of the wind is criticol.

a Avoid blosting in cloudy weoiher.

^^ _ Rock Excavation Engineei.lng Divi..r,rr
lstR-Central lnstiiute ot t/ining ,ni Fru, Cesearch
Barwa Road, Dhanbad-8260 1 5 .lna*r.,anO 
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surfoce mining (Rl 8485)

134 dB 0.1 Hz high poss meosuring system

r33 dB 2.0N2 high poss meosuring system

129 dB 6.0 Hz high poss meosuring system

r05 dB C-slow weighting scole on o sound level meter

(Events less thon or equol to 2 - sec durotion)
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5.0 FIELD INVESTIGATIONS

The field visif wos conducted on 29tn September, 2021 Io identify ond study

the different structures present neor the mining leose oreo which will require

protection from blost induced ground vibrotions, flyrock ond oir
. overpressure. The following different structures were identified:

(1) Roilwoy Line of Khondwo-Rotlom-Ajmer seciion, Western Roilwoys with

the following components:
(o) Roilwoy Sleeper (roilrood tie/cross tie),

(b) Steel roil,

(c) The differeni ports of Overheod Line Electrificotions - Most,

electric line, insulotor, rigid suspension, steody orm etc.,
(d) Roilwoy underposs for rood ond droinoge.

(2) Residentiol houses, School ond other importont structures in Chenpuro
villoge ond Gondhi colony.

Plote 5.1: View of the investigoting teom ot the site io identify the
different structures present neor the ML
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The Roilwoy line of Kondwo-Rotlom-Ajmer Section of Western Roilwoys is

running porollel to the mining leose oreo olong the eostern side. The

distonce of the Roilwoy Line from the mining leose boundory voried from 60

to 100 m (Figure 5.1). lt wos observed thot the Minimum & Moximum

distonce from the I st Five Yeor Plon to the Roilwoy Line would be 150 m ond

290 m respectively (Figure 5.2 & 5.3). The Roilwoy Line, Overheod Line

Elecirificotions ond the underposs (for rood ond droinoge) which will require

protection from blost induced ground vibrotion ond flyrock ore shown in

Plotes 5.2 io 5.6.

Plote 5.2. View of the Roilwoy Line possing neor the ML in the eostern side

\
I
I
I

I

L

': l .':
.lLr,

Plote 5.3. View of the Cverheod Line Electrificotionr 
i 
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Plote 5.4. View of ihe underposs for droinoge below the new roilwoy line

Plote 5.5. View of the underposs for droinoge below the old roilwoy line

Plote 5.6. View of the underposs for rood below the new & old roilwoy lines

, UI.L
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Chenpuro villoge is locoted in the western side of the ML ond the distonce

from the ML boundory neor the lst Five Yeor Working is 
,l70 m (Figure 5.4).

There ore residentiol houses os well os schools ond other public structures

present in the Chenpuro villoge. Most of the houses ore single storey with

bricks ond cement structures. Gondhi Colony is olso locoted in the eostern

side, neor the ML boundory. However, the residentiol houses in this colony
ore locoted more thon740 m from the proposed site of lst Five Yeor Working

(Figure 5.5).

Fig. 5.4. Google Eorth view of Chenpuro villoge

Fig.5.5. Google Eorth view of GondhiColony
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6.0 ASSESSMENT OF BLASING IMPACTS TO RAITWAY LINE AND OTHER STRUCTURES ,

ln order to ossess the mognitude of ground vibrotions generoted'by the

blosting operotions of the proposed Five Yeors Workings of the mine, the

ground vibrotion predictor equotion olreody developed by CSIR-CIMFR ot

the neorby mines of JK Cement hoving similor geo-mining conditions hos

been used (CSIR-CIMFR Technicol Repori: CNP/3080111-12, 2012). CSIR-

CIMFR corried out exfensive field investigotions for the development of
controlled blosting of the different opencost mines of JK Cement situoted ot
Nimbohero. The regression onolysis of'ground vibrotion doto recorded ot
different distonces is given in Figure 6.1. The estoblished ground vibrotion
predictor equoiion bosed on extensive experimentol blosts is given os:

V :32L6, [-l-"t
l,l QmaxJ

Coefficient of determtnotion = 0.802
Stondord Deviotion = 0.127

(t)

Where,

P = Peok porticle velocity (mm/s)

D = Distonce of vibrotion monitoring point from the blost foce (m).

Q*or, = Moximum explosive weight per deloy (kg).

Iffi.
Fig 6.1 Regression plot of vibrotion doto recorded of JK Limestone Mine

fi0CK L:XL:;?i'd:r .r' , :, :ri;lrj L):Vr. ;61
l.SlR-Central lnsl,rutr: ui lri, r,,:; anij Fue, Research
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Regression Line For FINAI_JKL"l\4.SDF

95% Line Equation: V = 3216'(SD)^(.l.58)
Coefiicieat of Deterninatbn = 0,802 Standard Devialron = 0.127
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Using the ground vibrotion predictor equotion given in Equotion-l, the

mognitude of ground vibrotions generoted for different volues of moximum

explosive chorge per deloy of different distonces hove been determined
ond ore given in Toble 6.1.

Bosed on the field investigotions conied out by CSIR-CIMFR ot different
limestone mines locoted neor Noyogoon-Chenpuro Limestone Deposit such

os different mines JK Cement ot Nimboehro (CSIR-CIMFR Iechnicol Reporf:

CNP/3080/ll-12,2012) ond Vikrom Cement Mines of M/s UltroTech Cement
Limited, Neemuch |CSIR-C/MFR Reporf: CNPl32l5l20l l-12, 2012), higher
frequencies of ground vibrotion woves of more thon 8 Hz were obtoined.
Hence, bosed on the ground vibrotion stondord prescribeO QV the DGMS,

the sofe volues of peok porticle velocity (PPV) for different structures present

of ihe proposed limestone mine con be osslgned os given in Toble 6.2. The

sofe level of ground vibrotion for the different structures of Roilwoy Line hos

been token os 20 mm/s. Similorly, for residentiol houses, schools ond other
surfoce structures, not belonging to the owner i.e. JK Cement Limited, the
sofe level of PPV hos been token os l0 mm/s. The colculoted volue of
moximum explosive chorge per deloy for the different distonces keeping
PPV os 20 mm/s ond l0 mm/s for Roilwoy Line ond Residentiol houses ore

Dr.'C. Sawmliana
Sr. Principal Scientist & HOS

Roc* Excavation Engineering Divir jon

{lSlR-Ce:iu;rl lnstituie of Mining and Fue , Research
Sarw;l Road, Dli;rtr:.,J-i2001 9 Jhrrki:end (iNDlA)

oble 6.1. Predicied ground vibrotion for different Qmox ond Distonces
Dist.
(m)

Ground Vibrotion for Ditferent Qn.o,
20 kq 30 ko 40 kq 50 kq 60 kq 70 kq 80 kq 90 ks 100 ks

50 70.9 97.7 122.6 146.3 168.9 r90.8 212.0 232.7 2s2.9
60 (?o 73.2 91.9 109.7 126.6 r43.0 r 59.0 174.5 189.6
70 41.7 57.4 72.1 86.0 99.3 112.1 124.6 136.7 148.6
80

.2.1 -7 46.5 58.4 69.6 80.4 90.8 100.9 110.7 120.3
90 28.0 38.6 48.4 57.8 66.7 75.4 83.B 91.9 99.9
r00 23.7 32.7 41.0 48.9 56.5 63.8 70.9 77.8 84.6
125 16.7 23.0 2B.B 34.4 39.7 44.9 49.8 54.7 59.5
r50 12.5 17.2 21.6 25.8 29.8 33.6 37.4 4l.0 44.6
175 9.8 13.5 16.9 20.2 23.3 26.4 29.3 32.1 34.9
200 7.9 10.9 13.7 16.4 8.9 21.3 23.7 26.0 28.3
225 6.6 9.1 11 .4 13.6 5.7 17.7 19.7 21.6 23.5
250 5.5 7.7 9.6 I 1.5 3.3 '15.0 16.7 r 8.3 19.9
275 4.8 6.6 o2 9.9 1.4 12.9 14.3 15.7 17.1

300 4.2 5.8 7.2 8.6 0.0 11.2 12_5 13.7 14.9

given in Toble 6.3.
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Toble 6.2. Threshold level of PPV for different structures neor the ML Areo of

Toble 6.3. Colculoted volues of moximum chorge per deloy for different distonces
from ground vibrotion predictor equotion developed for KJ Cement Limited

Dr.'C. Sawmliana
Sr. Principal Scientist & HOS

Rock Excavation Engineering Divir rsn
CSIR-Central lnstitule of Mining and Fue, Researcfr
Barwa Road, Dhanbad-826015 Jharkhand (lNDlA)

N oon-Chenouro Limestone
Sl. No. Structures Sqfe Levelof PPV

I Roilwoy Line with the following structures
(o) Roilwoy Sleeper
(b) Sieel roily
(c) Overheod Line electrificotions

(most, insulotors, electric line etc.)
(d) Roilwoy Underposs Structures

20 mm/s

2. Residentiol Houses, Schools ond other importont
structures of ihe villoges (Chenpuro & Gondhi
Colony)

l0 mm/s

rinq PPV volues of l0 mm/s ond 20 mm/s
Distonce

lml
Colculoted sofe volue of moximum explosive chorge per deloy

For residentiol houses ond other
structures not belonging to owner

IPPV = l0 mm/s)

For different structures of the
Roilwoy Line

(PPV = 20 mm/s)
50 1.67 kg 4.00 kg

60 2.40 kg 5.76 kg

70 3.27 kg 7.84 kg

BO 4.27 kg 10.24 kg

90 5.40 kg 12.96k9

r00 6.67 kg 16.00 kg

125 10.42k9 25.00 kg

150 15.01 kg 35.00 kg

175 20.43k9 49.00 kg

200 26.68kg 64.00 kg

225 33.77 kg 8r.00 kg

250 41.69 kg 00.00 kg

275 50.44 kg 2i.00 ks

300 60.03 kg 44.00 kg

325 70.45 kg 69.00 kg

350 81.71 kg 95.00 kg

375 93.80 kg 225.00 kg

400 106.72k9 256.00 kg

32s 70.45 kg 169.00 kg

350 81.71 kg 196.00 kg

375 93.80 kg 225.00 kg

400 106.72k9 256.00 kg
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The Minimum ond Moximum distonce of l$ Five Yeor Working from the

Roilwoy Line is 150 m ond 290 m respectively. Similorly, the distonce of

Chenpuro Villoge is 
.l70 

m from the ML boundory ond the distonce .of Five

Yeor Working is 350 m. The proposed hole depih for deep-hole blosting

operotion is 6 to 7 m with hole diometer of I l0 m. Depend on the noture of

limestone deposit encountered, the explosive chorge per hole for 6lo 7 m

hole depth will vory from 20.00 to 35.00 kg.

Therefore, bosed on the ossessment of ground vibrotion levels produced by

different explosive chorge per deloy for ihe different distonces from the

Roilwoy Line, blosting operotions con be corried out sofely without offecting
the Roilwoy Line due to blost induced ground vibrotion. Similorly, blosting

operotions con be corried out sofely without offecting the residentiol houses

ond other structures present of Chenpuro villoge ond Gondhi Nogor Colony.

However, flyrock should be completely controlled in oll the blosting

operotions. The controlled on flyrock con be done by using muffling

orrongements.

Hence, the odverse impocts on Roilwoy Line os well os residentiol

houses/structures of the neorby villoges due to blosting operotions con be
controlled effectively by following controlled blosting operotions of the
proposed limestone mine.

7.0 RECOMMENDED CONTROLLED BLASTING PATTERNS

7.1 Conlrolled Blosting Potlerns for the Sofety of Roilwoy Line

The Minimum ond Moximum distonce of I st Five Yeor Working from the
Roilwoy Line is 

.l50 
m ond 290 m respectively. However, it wos observed thot

blosting operotions con olso be corried out sofely of the distonce of .l00 
m

from the Roilwoy Line. Therefore, looking into the future possibility of working
closure the roilwoy line, the different blosting zone hove been clossified for

Dr.'C. Sawmliana

^ .Sr. 
principalscientist 

& HOS

- _ _ r(ocx Excavation Enqineering Divir ionCStR-Centrat tnstirure of naining ,rj Fru, i"r".r.tBarwa Road, Dhanbad-8260 1 5 Jh;fiil'[iffi ,ii,

designing of controlled blosting os:
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(l) 100 - 200 m from Roilwoy Line

(2) 200 - 300 m from Roilwoy Line

(3) Beyond 300 m from Roilwoy Line

The recommended controlled blost design porometers for the different
blosting zones from the Roilwoy Line ore given in Toble 7.1. Within the
blosting zone of 100 to 200 m from the Roilwoy Line, the number of rows

should be limited to two only. The chorge foctor volue ronging from 0.42 to
0.57 kg/m3 hove been considered for colculotion of the explosive chorge
per hole. The chorge foctor moy be chonged bosed on the octuol noture of
limestone deposits encountered oi the mine to ochieve the required
frogment size. The recommended chorging potterns, drilling potterns ond
firing potterns of holes for the different blosting zones from the Roilwoy Line

ore given in Figure 7.1 lo 7.14.

Toble 7.,l: Recom."nO.O controlled blost design porometers for different blosting
from R

The following precoutionory meosures ore recommended for controlled
blosting operotions neorby the Roilwoy Line.

(l) The entire blosting oreo should be muffled using blosting mots/wire-
mesh/conveyor belts within the blosting zone of ,l00 to ,l50 

m. lf wire-
mesh or conveyor belts ore used for muffling orrongement, o minimum

Dr.'C. Sawmliana
Sr. Principal Scientist & HOS

Rcck Excavai
CSIR-Cenual Insiirut
Barwe Roaii Dir:r.ir

nq Divi, ,un
rd Fur,, ResearcA
har"kl:ar,tJ iiNDlA)

zone from Roilwoy Line ot Limestone
Blosl Design poromelers Dislonce from Roilwoy Line

100 - 200 m 200 - 300 m Beyond 300 m
Hole diometer (mm) 100-I5 r00-il5 100-r15
Hole depth (m) 6.0 - 7.0 m 6.0 - 7.0 m 6.0 - 7.0 m
No. of holes 20-25 2s-30 30-50
Drilling pottern Stoggered Stoggered Stoggered
No. of rows 1to2 2to3 3io4
Burden (m) 2.5 3.0 3.0
Spocing (m) 3.0 4.0 4.0
Top Stemming column (m) 3.0 - 3.2 2.s - 2.8 2.5 - 2.8
Chorge per hole (kg) 22.50 - 30.00 30.00 - 35,00 30.00 - 35.00
Mox. chorge/deloy (kg). 22.50 - 30.00 30.00 - 70.00 60.00 - 70.00
Totolchorge (kg) 450.00 - 250.00 750.00 - r050.00 900.00 - r750.00
. Ho/es fired wilhtn B miiiiseconds window
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three number of sondbogs hoving sufficient weight should be ploced
over eoch blost hole to prevent stemming ejection.

(2) Within the zone of ]50 to 200 m oll the blost holes should be covered
with either wire-mesh or convevor belts. A minimum three number of
sondbogs with sufficient weight should be ploced over eoch hole to
prevent the stemming ejection.

Beyond 200 m of the Roilwoy Line, muffling orrongement moy not be
required. However. oll other precoutionory meosures for flyrock os

given in Secfion 4.2 of the report should be followed.

Within the blosting zone of 100 to .l50 
m. if ony hole contoins woter. it

should be dewotered before chorgino of explosive. lf holes ore filled

with woter, it is recommended to use stone chips of 6 - 8 mm sizes for
stemming moteriols.

Blosting time should be fixed in consultotion with the Roilwoy
Monogement. Blosting should not be conducted during ony troin

movement neor the mining leose oreo.

All other odditionol sofety meosures given by the DGMS should be
strictly followed.

tuk 'ARro . 2€q zl ii
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Fi7.7.1. Suggested chorging pottern of holes for 6 m hole
depth of ll0 mm hole diometer

Dr.'C. Sawmliana
Sr. Principal Scieniist & HOS

Rock Excavation Engineering Divir ron
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Fig.7 .2. Suggested chorging pottern of holes tor 7 m hole depth
of ll0 mm hole diometer

blosting operofions within 100 - 200 m from the Roilwoy Line

flnter-Hole Deloy = 25 ms & lnter-Row Deloy = 42 msl
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Fig.7 .4: Diogonol sequence of rock movement ond time contour obtoined from the
recommended firing pottern in Figures 7.3
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Fig. 7.3. Recommended drilling ond surfoce hole-to-hole firing pottern for controlled
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Fi1.7.5. Another recommended drilling ond surfoce hole-to-hole firing pottern for
controlled blosting operotions within 100 - 200 m from the Roilwoy Line

[lnter-Hole Deloy = 25 ms & lnter-Row Deloy = 42 ms)

Fig.7 .6: Diogonol sequence of rock movement ond time contour obtoined from the
recommended firing potterns in Figures 7.5

Fi1.7.7. Recommended drilling ond surfoce hole-to-hole firing pottern for controlled
blosting operotions within 200 - 300 m from the Roilwoy Line

[lnter-Hole Deloy = 25 ms & lnier-Row Deloy = 42ms & 65 ms]

Fig. 7.8: Diogonolsequence of rock movement ond time contour obtoined from the
recommended firing potterns in Figures 7.7
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Fig.7 .9. Another recommended drilling ond surfoce hole-to-hole firing poitern f or
conirolled blosting operotions within 200 - 300 m from'the Roilwoy Line

Fi1.7.10: Diogonol sequence of rock movement ond time contour obtoined from the
recommended firing potterns in Figures 7.9

Fig.7.1l. Recommended drilling ond surfoce hole-to-hole firing pottern for
controlled blosting operotions beyond 300 m of the Roilwoy Line

[lnter-Hole Deloy = 25 ms & lnter-Row Deloy = 42 ms,65 ms & 84 msl

Fi7.7.12: Diogonol sequence of rock movement ond time contour obtoined
from the recommended firing potterns in Figures 7.11

Dr.'C. Sawmliana
Sr. principalscientist & HOS

^^._ !o"k Excavation Eng,n;ering Divr: ron
CSIR-Centrai lnstitute of Mrning anj Fre, Reseirch
tsarwa Road, DhanbaC "t?i;i] i 5 ;frrrf,f.,rnO 
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Fig.7 .13. Another recommended drilling ond surfoce hole-to-hole firing pottern for
controlled blosting operotions beyond 300 m of the Roilwoy Line

ilnter-Hole Deloy = 25 ms & lnter-Row Deloy = 42ms7

7.2 Controlled Blosting Potlerns for lhe Sofety of Villoge Houses/Structures

During the lst Five Yeor Working, the blosting operotions will be conducted
of 350 m from the Chenpuro villoge. Gondhi colony will olso be locoted
more thon 740 m from the lst Five Yeor Working site. Hence, ihe controlled
blost design potterns recommended for the sofety of the Roilwoy Line will

olso be opplicoble for the resideniiol houses ond other structures present ot
Chenpuro villoge os well os Gondhi colony. However, os the working foces
odvonce toword the western side of the mining leose oreo (2nd Yeor to Stn

Yeor), the distonce of Chenpuro villoge will be neorer. ln controst, the
Roilwoy Line will olso be further in the successive yeors. Hence, control on
ground vibrotion ond flyrock will olso be necessory for the sofety of hobitots,
residentiol houses ond other siructures in Chenpuro villoge.
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Fi7.7.14: Diogonol sequence of rock movement ond time contour obtoined from
ihe recommended firing potierns in Figures 7.13
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Chenpuro villoge is locoted in the western side, of ,l70 m from the mining

leose boundory. The sofe volue of PPV for the residentiol houses ond other
surfoce siructures present of Chenupro villoge ond Gondhi Colony hos been

token os l0 mm/s. The recommended controlled blost design potterns for

conducting sofe blosting operotions from the villoge houses/structures ore
given in Toble 7.2.

Toble 2.2: Recommended controlled blost design porometers for different blosting
zone from villoge houses/structures of Noyogoon-Chenpuro Limestone D
Blosl Design poromelers Distonce from Villoge Houses/Slructures

170 - 200 m 200 - 300 m Beyond 300 m

Hole diometer (mm) r00 -r r5 100 -il5 i00 -r'r5
Hole depth (m) 6.0 - /.0 m 6.0 - 7.0 m 6.0 - 7.0 m

No. of holes 20-25 25-30 30-50
Drilling pottern Stoggered Stoggered Stoggered
No. of rows 1lo2 2to3 3to4
Burden (m) 2.0 - 2.5 2.5 - 3.0 3.0

Spocing (m) 2.s - 3.0 2.3 - 4.0 4.0

Top Stemming column (m) 3.2 - 4.0 2.80 - 3.5 2.5 - 2.8

Chorge per hole (kg) r5.00 - 22.50 22.50 - 35.00 30.00 - 35.00

Mox. chorge/deloy (kg). '15.00 - 22.50 22.50 - 3s.00 60.00 - 70.00

Totolchorge (kg) 300.00 - 560.00 560.00 - r050.00 900.00 - 1750.00
* Holes frred wtlhin 8 rniiliseconds window

Recommended Explosive Types ond lnitiqtion System

The recommended explosive types ore both ANFO explosive ond Lorge

Diometer (LD) cortridge explosive of 83 mm diometer, 2.78 kg weighi per

cortridge. ln cose of LD explosives, the quontity of primer chorge in o blost

hole should be more lhon 25% of the explosive chorge in the hole. The

recommended properties for the LD explosives for betier blost
performonce/frogmentotion ore given in Tqbles 7.3 &7.4.

Toble 7.3: Recommended properties of Primer Chorge of LD explosives

Sl. No. Properlies Acceptoble Limit

I Density Io/cc) t.t5 t 0.10
2 Co p/boosier sensitivity Fire
? Air-sop sensitivity (AGS) - 2 cm Fire
4 Velocity of detonotion (m/s) 4200 t 500

Dr.'C. Sawmliana
_ Sr. principal Scientist & HOS
Rock Excavation Engineering Divir ion
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Toble 2.4: Recommended properties of Column Chorge of LD explosives

Sl. No. Properties Acceptoble Limit

I Density (q/cc) I .15 r 0.]0
2 Co p/booster sensitivity Fire
2 Air-qop sensitivity (AGS) - 2 cm Fire

4 Velocity of detonotion (m/s) 3800 t 500

For in-hole explosive initiotion ond surfoce hole-to-hole firing, either non-

electric (nonel)/Shock-tube initiotion system or electronic detonotors con be

used. Detonoting Fuse (DF) should not be used for in-hole explosive ond

surfoce hole-to-hole initiotion. For inter-hole deloy, eiiher 17 ms or 25 ms TLD

hove been recommended. However, for the inter-row deloy, 42ms TLD or 65

ms TLD should be used. lf more number of rows ore blosted in o single round,

the lnter-Row Deloy should be increosed to 65 ms or 84 ms deloy for the lost

rows. The recommended moximum scottering of deloys in cose of TLD is t 5

ms ond for DTH, the permissible scottering is + l0 ms.

CONCTUSIONS AND RECOMMENDATIONS

Bosed on the observotions mode during the site visit ond the ossessment of

possible blosting impocts on the Roilwoy Line, Residentiol Houses ond other

structures present neor the Mining Leose Areo of Noyogoon-Chenpuro
Limestone Deposit/Mine, the following conclusions ond recommendoiions
hove been mode.

Khondwo-Rotlom-Ajmer Section of Western Roilwoys is possing olong
the eostern boundory of the Mining Leose oreo. The distonce of ihe

roilwoy line from the Mining Leose boundory voried from 60 to .I00 
m.

The Minimum ond Moximum distonce of I st Five Yeor Working from the

Roilwoy line is 
.l50 

m qnd 290 m respeciively.

Amongst the different components of Roilwoy Line, roilwoy sleeper,

steel roils, different ports of the overheod line electrificotions viz. most,

electric line, insulotors, rigid suspension etc. ond the underposs ore
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(s)

found to be vulneroble from blost induced ground vibrotion ond

flyrock.

Chenpuro villoge is locoied in the western side of the Mining Leose oi
the distonce of 170 m from the Mining Leose boundory. Gondhi

colony is olso locoted just outside the Mining Leose oreo in the eostern

side. However, the distonce of Gondhi colony from the proposed 1st

Five Yeor Working is740 m ond Chenpuro villoge is 350 m.

For the ossessment possible blosting impocts to the Roilwoy Line ond
neorby villoge houses/structures, the ground vibrotion predictor

equotion olreody developed by CSIR-CIMFR ol the neorby mine of JK

Cement situoted of Nimbohero hove been used. The mines ot
Nimbohero hove the similor geo-mining condition with the study mine.

Bosed on the dominont frequencies obtoined of different mines of JK

Cement Limited of Nimbohero ond Vikrom Cement of M/s UliroTech

of Neemuch, the sofe level of PPV for the different struciures of

Roilwoy Line hos been token os 20 mm/s. However, for the villoge

houses ond other structures present of Chenpuro villoge ond Gondhi

Colony, the sofe Ievel of PPV hos been considered os '10 mm/s.

Bosed on the ossessment of ground vibrotion levels for different

explosive chorge quonlilies qt vorious dislonces, blosiing operotions

con be corried oul sofely without offecling ond endongering the

Roilwoy Line. Similorly, blosting operotions con be corried oul sofely

withoui offecling the hobitonts ond residentiqt houses/structures of

Chenpuro villoge ond Gondhi Colony.

Controlled blosi design potterns hove been recommended for

conducting sofe blosting operotions neorby the Roilwoy Line. The

recommended blost design porometers ond firing potterns of holes

ore given in Toble 7.1 ond Figures 7.1 lo 7.14 of the report. Similorly, the

recommended controlled blost design porometers for the sofety of
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(B)

residentiol houses ond other structures of the neorby villoges ore given

in Tqble 7.2 of the report.

It is recommended to muffle the entire blosting oreo using blosting

mots/wire-mesh/conveyor belts wiih sufficient sondbogs within the
blosting zone of .l00 

-150 m from the Roilwoy Line. Within the blosting

zohe of 150 to 200 m from the Roilwoy Line, oll the blost holes should

be covered with either wire-mesh or conveyor belts ond sufficient

sondbogs.

Blosting time should be fixed in consultotion with the Roilwoy

Deportment. No blosting operoiion should be conducted during ony
troin movement neor the mining leose oreo.

(,I0) Nonel (Shock Tube) initiotion system is recommended for in-hole
explosive initiotion ond surfoce hole-to-hole firing. For effective control
on ground vibrotions, the recommended moximum scottering of
deloys in cose of TLD is + 5 ms ond for DTH, the suggested limit for
scottering of deloy is + l0 ms.
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