JK Cement Works, Nimbahera

A unit of JK Cement Ltd,

CIN: L17229UP1994PLC017199

# Kailash Nagar - 312617, Nimbahera Distt., Chittorgarh (Raj.) INDIA
Q +91-1477-220098, 220087 & jke.nbh@jkeement.com

@% www.jkcement,com

Through Mail

NBH/PC-14/C11/ Date: 17.05.2023
To,

The Director (M),

Ministry of Environment, Forest & Climate Change,

Indira Paryavaran Bhawan, JOR Bagh Road, Aligan],

New Delhi-110003

Sub: Submission of Half yearly EC compliance report (October 22 to March 23) for Nayagaon & Chenpura Limestone Deposit
(ML Area: 206.354 ha) proposed Production Capacity 2.502 Million TPA ROM (Cement Grade Limestone: 0.876 Million TPA &
Subgrade Limestone: 1.626 Million TPA), Soil/Alluvium: 0.048 Million TPA, Waste: 0.5 Million TPA; Total Excavation: 3.05
Million TPA along with 2 x 500 TPH Capacity of Crusher with Screening by J K Cement Ltd, Kanpur (J. K. Cement Works,
Nimbahera, Kailash Nagar, District Chittorgarh, Rajasthan-312617)

Ref: EC letter no. - IA-J-11015/7/2021-1A-11(M) Dated 22/04/2022

Dear Sir,

Kindly refer to the above subject matter and refer above EC letter no., please find attached herewith compliance of EC for
the period of October 2022 to March 2023.

As per MoEF & CC notification no. 5.0. 5845 (E) 26.11.2018 the soft copy of same has heen sent through email to
18035.ifs@nic.in , moef@nic.in, cch.cpch@nic.in, , cpch.bhopal@gov.in, manitoring-ec@nic.in , ms-mppch@mp.gov.in.

We hope that the compliance is in order.
Thanking you.

Yours Faithfully

For, Nayagaon-Chenpura Limestone Deposit,
J. K. Cement Limited

—] <O

I

“R. B. M Tripathi
President (Operations)

Encl: as above

Copy to:

1. The Deputy Director General of Forests (DDGF), Ministry of Environment, Forest and Climate Change, Integrated
Regional Office, E-5, Kendriya Paryavaran Bhawan, E-5 Arera Colony, Link Road-3, Ravishankar Nagar, Bhopal - 462016
2. The Regional Director Central Pallution Control Board, Paryavaran Parisar, E-5, Arera colony, Bhopal (M.P) 462016

3. The Chairman, Central Pollution Control Board, Parivesh Bhawan, CBD-CUM office complex, East Arjun Nagar, New Delhi
110032.

4. The Member Secretary, Madhya Pradesh Pollution Control Board, E-5, Arera Colony, Paryavaran Parisar, Bhopal - 462 016

Corporate Office J K Sﬁ PER JK CEMENT..—ﬁ

© Padam Tower, 19 DDA Community Cenlre. CEMENT ?&?Egﬂnqm%x = _ _

Okhla, Phase - 1, New Delhi - 110020, India BUILD SAFE 8 LQ $
¢ +011-49220000 Manufacturing Units at : 5 uais
@ admin.padamtower@jkcement.com Nimbahera, Mangrol, Gotan (Rajasthan) | Muddapur (Karnataka) Seuwe | Tt
@ www.jkcement.com Jharli (Haryana) | Katni (M.P.) | Aligarh (U.P.) | Balasinor {Gujarat)

Registered Office : @ Kamla Tower, Kanpur-208001, U.P., India. '2+91-512-2371478 to 85 & 91-512-2399854 @9 www.jkcement.com
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File No.WR-HQOENGG(WLLL)/3/2019-O/o DY CE/G/CCG/HQ/WR

ANNEXURE-1
o
e T _ WU FTATE,
Gﬂvﬂ_cqpr & = .
ST Halcdd afgrr yora TeE, Ha§-400020
No. W340/22 Date: 28.03.2021

E-office file No.,272

Dy. Director/ LML-,
Railway Board,
New Delhi.

Sub: Proposal for Environment Clearance of M/s. JK Cement Ltd. For Chenpura
Limestone deposit with total excavation of 3.05 MTPA in the mine lease area of
206.354 Ha, located at village : Nayagaon, Tehsil:Jawad & Village : Chenpura,
Tehsil: Neemuch, District : Neemuch, State: Madhya Pradesh — reg.

Ref: i) Railway Board's letter No. 2022/LML-1/19/2 dated. 21.01 2022.
ii) This office letter of even no. dated. 14.02.2022 to Railway Board.
iii) Sr.DEN(Co)RTM's letter E-office No. 262070 dated 28.03.2022.

iv) M/s. J.K.Cement Works, Nimbahera's letter No. JKCL/NBH/MO-
24H/ Nayagaon- Chenpura Mines dated. 23.03.2022.

With reference to above subject, Ministry of Environment, Forest & Climate Change has
approached Railway Board vide letter under ref. (i) to grant “No Objection Certificate” (NOC)
from Railway to M/s. J.K. Cement Ltd. for carrying out mining activities proposed without
affecting and endangering the railway line upto 100 meters from the Railway track for
Chenpura Limestone deposit with total excavation of 3.05 MTPA in the mine lease area of
206.354 Ha.

The above proposal has been examined thoroughly by the Railway and M/s. J.K.
Cement Ltd. vide letter under ref. (iv) has submitted detailed report of the queries raised by
Railway vide ref. (ii). It is mentioned in the above letter that the mining work will be started at a
distance of more than 150 meters at a point farthest feasible based on mineral availability and
the mining for First 5 years will be restricted beyond 150 meters from track.

In view of above, this office has No objection to carry out the work at nominated distance
from railway land subject to condition mentioned in JKCL letter No. JKCL/NBH/MO-
24/Nayagaon - Chenpura Mines dated 23.03.2022 (Ref. iv above) are complied and followed
completely by JKCL.

DA-As above
Digitally Signed by Amit
Gupta
Date: 28-03-2022 17:26:39
Reason: Approved

Chief Engineer (G)

Copyto s M[s. Tic. Comeu Lad. h\wm%dugoﬂm (Rejuti. )
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CSIR-Central Institute of Mining and Fuel Research

( e qem irenfies s URYE / Council of Scientific & Industrial Research )
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(Under the Department of Scientific & Industrial Research, Ministry of Science & Technology, Govt. of India)
AT U, &g9aE - 826015, FREUE, U / Barwa Road, Dhanbad - 826015, Jharkhand, India
(31TE TH 31T 9001 TN WA / 1SO 9001 Certified Institute)

ANNEXURE-2

SPEED POST

- Ref. CSIR-CIMFR/REED/ZOZI/Q/ 57

Sri Manish Toshniwal Date: 12.10.2021

Mine Head, / 3
Mines Office, Nimbahera

Kailash Nagar — |, JK Cement Work,

Nimbahera, Chittorgarh

Rajasthan-312617

Subject: Submission of Report on scientific study for the assessment of blasting impacts on
the railway line and advice for designing of controlled blasting patterns at
Nayagaon - Chenpura Limestone Deposit in Neemuch District, Madhya Pradesh of
JK cement Limited,

Dear Sir,

Please find enclosed the report on scientific study for the assessment of blasting impacts on
the railway line and advice for designing of controlled blasting patterns at Nayagaon—
Chenpura Limestone Deposit in Neemuch District, Madhya Pradesh of JK Cement Limited.

Kindly acknowledge the receipt of the report in proper order.

With regards,
2. (0:2°7]
(C. Sawmliana)
Sr. Principal Scientist & Head
Rock Excavation Engineering Division
CSIR-CIMFR, Dhanbad

Encl: One hard copy of the report

HQ : Dhanbad - &: +91-326-2296023, 2296006 (O) = : 91-326-2296025 EPABX : + 91-326-2296012/6013/6027/6028
E-mail : director@cimfr.nic.in/drpksingh@cimfr.nic.in, Digwadih Campus : &: + 91-326-2381111
Research Centres : Bilaspur : & + 91-775-2271450, Nagpur : Unit -1 - & + 91-712-2510604, Unit - Il - & 2510390
Ranchi: & + 91-651-2461392, Roorkee : & + 91-1332-275998

Website : www.cimfr.nic.in
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DESIGNING OF CONTROLLED BLASTING PATTERNS AT

NAYAGAON-CHENPURA  LIMESTONE DEPOSIT IN
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CSIR-Central Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826015

EXECUTIVE SUMMARY

This report relates to the scientific study conducted by the Rock Excavation
Engineering Division of CSIR-Central Institute of Mining and Fuel Research
(CSIR-CIMFR), Dhanbad at Nayagaon-Chenpura Limestone Deposit,
Neemuch District, Madhya Pradesh of M/s JK Cement Limited. The main
objective of the study is to assess the possible adverse impacts of blasting
operations at the proposed Five Year Workings of the mine to the nearby
Railway Line and to recommend confrolled blasting patterns for carrying out
safe and efficient blasting operations without endangering the safety of
Railway Line and residential houses/structures of the nearby villages. The site
visit was conducted on 29t September, 2021 to identify and study the
different components of Railway Line, residential houses and other structures
present near the Mining Lease area. To assess the possible impacts of
blasting on the railway line, the ground vibration data recorded in the
earlier scientific studies conducted by CSIR-CIMFR at the nearby mines of JK
Cement Limited and Vikram Cement Works of M/s UltraTech Limited have
been utilized.

The observations made during the site visit, assessment of blasting impacts,
conclusions and recommendations made in the report are summarized
below.

(1) Khandwa-Ratlam-Ajmer Section of Western Railways is passing along
the eastern boundary of the Mining Lease area. The distance of the
railway line from the Mining Lease boundary varied from 60 to 100 m.
The Minimum and Maximum distance of 1st Five Year Working from the
Railway line is 150 m and 220 m respectively.

(2) Amongst the different components of Railway Line, railway sleeper,
steel rails, different parts of the overhead line electrifications viz. mast,
electric line, insulators, rigid suspension etc. and the underpass are
found to be vulnerable from blast induced ground vibration and flyrock.

M“?{;ﬁ#«fm 3
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CSIR-Central Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826015

(3)

- (4)

- (3)

(6)

Chenpura village is located in the western side of the Mining Lease at
the distance of 170 m from the Mining Lease boundary. Gandhi colony
is also located just outside the Mining Lease area in the eastern side.
However, the distance of Gandhi colony from the proposed
15t Five Year Working is 740 m and Chenpura village is 350 m.

For the assessment possible blasting impacts to the Railway Line and
nearby vilage houses/structures, the ground vibration predictor
equation already developed by CSIR-CIMFR at the nearby mine of JK
Cement situated at Nimbahera have been used. The mines at
Nimbahera have the similar geo-mining condition with the study mine.

Based on the dominant frequencies obtained at different mines of JK
Cement Limited at Nimbahera and Vikram Cement of M/s UltraTech at
Neemuch, the safe level of PPV for the different structures of Railway
Line has been taken as 20 mm/s. However, for the village houses and
other structures present at Chenpura vilage and Gandhi Colony, the
safe level of PPV has been considered as 10 mm/s.

Based on the assessment of ground vibration levels for different
explosive charge quantities at various distances, blasting operations
can be carried out safely without affecting and endangering the
Railway Line. Similarly, blasting operations can be carried out safely
without affecting the habitants and residential houses/structures of
Chenpura village and Gandhi Colony.

Controlled blast design patterns have been recommended for
conducting safe blasting operations nearby the Railway Line. The
recommended blast design parameters and firing patterns of holes are
given in Table 7.1 and Figures 7.1 to 7.14 of the report. Similarly, the
recommended confrolled blast design parameters for the safety of
residential houses and other structures of the nearby villages are given

in Table 7.2 of the report.
Mav-/[w‘c;ﬁ;ﬁ: 47
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(8)

- (9)

- (10)

It is recommended to muffle the entire blasting area using blasting
mats/wire-mesh/conveyor belts with sufficient sandbags within the
blasting zone of 100 -150 m from the Railway Line. Within the blasting
zone of 150 to 200 m from the Railway Line, all the blast holes should be
covered with either wire-mesh or conveyor belts and sufficient
sandbags.

Blasting time should be fixed in consultation with the Railway

Department. No blasting operation should be conducted during any

train movement near the mining lease area.

Nonel (Shock Tube) initiation system is recommended for in-hole
explosive initiation and surface hole-to-hole firing. For effective control
on ground vibrations, the recommended maximum scattering of delays
in case of TLD is + 5 ms and for DTH, the suggested limit for scattering of
delay is = 10 ms.

oshire™

Dr. C. Sawmliana
Sr. Prinzigal Scientist & HOES
___ Rock Excavation Engineering Din
5IR-Central Institute of Mining and Fue, Research
varwa Road, Dhanbad-826015 Jharkha:{ (INDIA)
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INTRODUCTION

Nayagaon-Chenpura Limestone Deposit is located in Nayagaon and
Chenpura villages, Neemuch District in the State of Madhya Pradesh.
Nayagaon is located within Jawad Tehsil, whereas Chenpura is in Neemuch
Tehsil. This limestone deposit over an area of 206.354 Hectares is planning to
be exploited by J. K. Cement Limited, a company belonging fo J.K.
Organisation. The limestone deposit will be mined by an opencast mining
method by adopting a system of deep hole driling and blasting and/or
working with heavy machineries. The mine will thus be falling under ‘A’
category of fully mechanized type. The proposed drill hole diameter for the
blasting operations as per the mine plan is 110 mm with hole depth varying
from 6 m to 7 m. The total proposed production of limestone to meet the
plant requirement is about 2.50 MT per annum .

A railway line of Western Railway (Khandwa-Ratlam-Ajmer section) is passing
all along the eastern boundary of the Mining Lease (ML) area at a distance
of about 60 - 100 m from lease boundary. The Minimum and Maximum
distance of 1st Five Year Working from the Railway line is 150 m and 290 m
respectively. Chenpura village is also located at about 170 m from the
mining lease boundary. Gandhi Colony is located at about 740 m from the
proposed 1 Five Year Working Area. Hence, the blasting operations at the
proposed limestone mine may impact on the nearby railway line as well as
the residential houses and others structures of the nearby vilages if
controlled blasting operations are not followed. Therefore, it is necessary to
assess the possible blasting impacts on the railway lines and village
houses/structures not belonging fo the owner.

The main objective of the study is to assess the possible adverse impacts of
blasting operations at the proposed limestone mine on the Railway Line and
to recommend controlled blast design patterns for conducting safe and
efficient blasting operations without affecting the railway line as well as
nearby residential houses/structures of the nearby locdlities. In order to
identify and study the different structures present nearby the mining lease
areaq, a site visit was conducted on 29" September, 2021. The exact location
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of railway line from the mining lease boundary, different features of the
railway line, type of the residential houses and other important structures
were assessed and studied.

This report contains the assessment of possible impacts of blasting operations
to the railway line and other structures of the nearby villages. The controlled
blast design patterns for the different blasting zones from the railway line and
nearby villages have been recommended for conducting safe and efficient
blasting operations at the proposed opencast mine of Nayagaon-Chenpura
Limestone Deposit.

BRIEF INFORMATION AND GEOLOGY OF THE MINE

Brief Information of the Mine

Nayagaon-Chenpura Limestone Block is located in villages Nayagaon and
Chenpura in the district of Neemuch, Madhya Pradesh. Nayagaon is
located in Jawad Tehsil and Chenpura is located in Neemuch. The block lies
between Latitude 24° 31’ 35.78" to 24° 34’ 33.65” (Northing) and Longitude
74° 44’ 53.91" to 74° 4¢6' 27.65" (Easting). The area is covered by Survey of
India Toposheet no. 45 L/14 on 1:50K scale. The total area applied for grant
of Mining lease was 206.40 hectares, out of which 0.046 hectares area have
been curtailed by the State Government and the balance area of 206.354
ha have been granted for Mining Lease.

The deposit is proposed to be worked by fully mechanized opencast
method. Deep hole driling and blasting will be carried out for the
excavation of overburden as well as limestone deposit. The initial box cut of
the dimension of 363 m (N-S) x 405m (E-W) will be taken in the southern block
of mining lease area demarcated for obtaining the targeted production of
first five year period. Mining operation i.e. development will be started from
467/466m and pit bottom will be achieved at 448 m and the sump will be
developed at one end and pit bottom gradient will be 1:100 towards the
west of the working pit. The targeted production of first year to fifth year will
be achieved from an area of the dimension of 146724 m2 and it will be
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worked down to the depth of 18 meters, touching the level of MRL 448m in
the pit floor.

One development cum production bench and two production benches of
ém height each will be excavated fo achieve maximum production of 2.50
Million tonnes of Limestone per annum when the mine will be fully
- developed. The individual bench faces will be kept sloping at 10 degrees of
> vertical. The ultimate pit slope will be maintained at 45° or less from
horizontal. Bench floor will be kept horizontal. Slopes will be directed towards
the natural gradient of the adjoining area, away from operating faces. A
drainage ditch will be constructed and connect it o the main garland drain
around the working pit. The year-wise production planning for the First Five
s Year period is given in Table 2.1.

Table 2.1. Year wise production planning for five years period

YEAR PIT OVER- CEMENT GRADE SUB GRADE TOTAL STRIPPING
NO. BURDER - M3 LIMESTONE LIMESTONE IN PRODUCTION RATIO
IN TONNES TONNES IN TONNES

- 1 13937 71520 132821 204341 1: 0.06
11 PIT 9796 178440 331393 509833 1: 0.02

II1 NO.1 14276 282890 525365 808255 1: 0.02

v 17483 362135 672535 1034670 1: 0.02

b V' 34088 875929 1626725 2502654 1: 0.01

2.2 Geology of the Mine
2.2.1 Regional Geology

Geologically, the area represent rocks grouped under Semri, Kaimur, Rewa
and Bhander Groups of Vindhyan Super Group of Meso to Neoproterozoic
age and is followed by thick pile of basaltic rock of Deccan traps of Upper
Cretaceous to Palaogene age, laterite of Cainozoic and Alluvium of
Pleistocene to Recent age. The ‘Binota Shale' is the lower most unit of the
Khorip/Semri Group. It comprises grey shale with thin beds of white and pink
clay and is conformably overlain by grey and pink sandstone of the Jhiran
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Sandstone which occurs as inliers in the Deccan frap. The Jhiran Sandstone
formation is overlain by grey, pale & greenish colour Bari Shale. Nimbahera
limestone overlies the Bari Shale. The Nimbahera limestone is fine grained,
non crystalline and compact even bedded and slabby. It varies in thickness
from 10 cm to more than a meter. The Nimbahera Limestone is overlain by
Suket Shale, which occurs in low lying plains facing the Kaimur scarps. It is
argillaceous, khaki brown, grey, greenish thinly bedded to laminated shale
with interbeds of siltstone, sandstone and thinly laminated limestone and the
upper part is Glauconite bearing greenish shale.

The general trend of the formations is N-S& NNE-SSW to NE-SW with generally
shallow dip to both east and west. In the northeast part of the area, Suket
Shale is grouped under Khorip Group/Semri Group. The Suket Shale is
overlain by Morwan Sandstone of Kaimur Group of Upper Vindhyan Group
on the north western side and Deccan traps on the northeast side. The beds
are sub horizontal with a shallow dip towards North. In the northern part of
the area, the sandstone is thickly bedded near Rawatbhata and the top is
characterised by glauconitic bearing thick coarse friable sandstone. Cross
bedding and ripple marks on primary structures indicate that Palaeo current
direction is towards west. The Panoli Shale overlies the Marwan Sandstone
followed by Diken Sandstone. These rocks are well developed in valley
portion. The Panoli Shale occurs as lensoidal, buff and greenish grey shale
and has a varying thickness from one meter to 30 meters.

The Panoli Shale with increasing arenaceous content grades into purple fine
grained thin to thickly bedded Diken Sandstone. The primary structure cross
bedding and ripple marks are also prominent. Rewa Group is represented by
Panna Shale, Dehpura Sandstone (correlated with lower Rewa Sandstone),
Ratangarh Shale (equivalent of Jhiri Shale) and Umar Sandstone (correlated
with upper Rewa Sandstone) and conformably overlies the Diken Sandstone
in the NW part. The regional geological successions are given in Table 2.2.
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Table 2.2. The regional Geological successions
LITHOLOGY STATIGRAPHIC STATUS AGE
ALLUVIUM RECENT PLEISTOCENE TO RECENT
LATERITE - CAINOZOIC
5 AA & 2 PAHOEHOE TYPE BASALTIC FLOW KANKARIYA MALWA UPPER CRETACEOUS TO
3 AA BASALTIC FLOWS PIRUKHERI GROUP PALEOGENE
FORMATION
PEBBLES, COBBLES AND  BOULDERS | ANTRALIA LOWER UPPER CARBONIFEROUS
EMBEDDED IN A FERRUGINOUS AND SANDY | BOULDER GONDWANA | TO PERMIAN
CLAY MATRIX BED (=TALCHIR)
SINGOLI LIMESTONE WITH ARGILLACEOUS | BHANDER GROUP NEO PROTEROZIC
BANDS
GANURGARH SHALE WITH SILTSTONE
INTERBEDS
UMAR SANDSTONE REWA GROUP VINDHYAN
RATANGARH SHALE WITH SILTSTONE SUPER
INTERBEDS GROUP
DEHPURA SANDSTONE, AGRILLACEOUS AT
TOP & BOTTOM
PANNA SHALE WITH SILTSTONE, LIMESTONE
INTERBED
DIKEN QUARTZITIC SANDSTONE KAIMUR GROUP
PANOLI SHALE WITH INTERBEDS OF
SILTSTONE
MORWAN QUARTZITIC SANDSTONE, COARSE
AND GITTY NEAR THE BASE
SUKET SHALE WITH INTERBEDS OF | KHORIP/SEMRI MESO PROTEROZOIC
SILTSTONE AND SANDSTONE.
NIMBAHERA LIMESTONE
BARI SHALE
JHIRAN SANDSTONE
BINOTA SHALE BHILWARA ARCHAEAN
GROUP

Ref: -GSI District Resource Map

2.2.2 Local Geology (Geology of Mining Lease Area)

The rocks exposed in the area, under consideration, apparently belong to
Khorip Group (previously known as Semri Series) under the Lower Vindhyan of
Vindhyan Super Group. In Nayagaon - Chenpura Limestone Mine/Deposit,
vast area comprising 206.354 ha consists of a conformable sedimentary
package of shale and limestone. The general tfrend of rock formations is N-S,
NNE-SSW to NE-SW with generally shallow to moderate dip either easterly or
westerly. '

The western part of the area is occupied by Shale or it is terminal area of
mineralization while eastern part of the area shows limestone mineralization
proved from 17 m to 98 m depth i.e. middle to eastern part of central zone in
Chenpura village and northern part of the area i.e. Nayagoan village has
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been proved for 40-69mthick limestone and this limestone is resting over the
Calcareous Shale/Shale. The local stratigraphic succession in the ML area is
as follows:

Soil/ Alluvium
Crey Limestone (GL)
Pink Limestone-2

Light Greenish Grey Limestone with thin interbands
of greenish calcareous Chert (LGL)
Pink Limestone-1

Limestone interbanded with shale
Calcareous Shale
Grey, green, brown Shale
Sandstone/Grit/Conglomerate
---—-—-—-—— Base not seen --—-—--————-

BASIC BLAST DESIGN PARAMETERS

Many factors influence rock breakage by blasting. These factors can be
classified broadly into fwo categories, such as uncontrollable and
controllable factors. The uncontrollable factors are the geology and nature
of the rock deposit. These are mainly rock and rock mass properties such as
lithology, joint and bedding parameters, stress field, water content and
different physico-mechanical properties of the rocks. The conftrollable
factors are the basic blast design parameters including explosive properties.
The basic blast design parameters and environmental impacts thereof
resulted in a blasting operation are described in the following section.

Bench Height

The selection for an optimum bench height and width depends on inherent
stability of the formation, thickness of the formation, driling and loading
equipment to be deployed etc. Higher bench height required more
blasthole length and larger drill diameter. This could also result in ground

2R : , and Fue: Research
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3.2

3.3

3.4

vibration and flyrock problems when the dwelling areas and different
structures are existed near by the blasting site.

Hole Diameter

The choice of blasthole diameter depends mainly on fragmentation size
required, bench height and geology of the formation. It also depends on
the overall economics in relation to the initial investment and the operating
cost. Better and finer fragmentation could be achieved with smaller hole
diameter. Control of ground vibration and flyrock are also much easier in
smaller diameter than larger hole diameter. However, drilling cost generally
increases as blasthole diameter decreases.

Hole Depth

The required hole depth depends on the bench height, inclination of hole
and sub-grade driling. Sub-grade drilling, on the other hand, depends on
the strata condition at the toe portion. With a horizontal bedding plane and
softer formation at the toe, use of sub-grade driling may not be necessary.
However, with higher dip of bedding plane or presence of harder strata af
the toe portion, more sub-drilling length is required to avoid toe problem and
iregular floor. Length of sub-grade drilling generally varies between zero and
0.3 times the burden.

Burden and Spacing

Burden is the minimum distance from the axis of a blasthole and the free
face whereas spacing is the distance between consecutive blastholes in the
same row. The values of burden and spacing depend upon blasthole
diameter, properties of rock and explosive, bench height and the desired
degree of fragmentation as well as muck displacement. Depending upon
the properties of rock mass, burden value generally varies between 25 and
40 times the hole diameter. Different researchers to calculate burden value
have suggested numerous formulas. Out of these formulae, the most
commonly used equation for the calculation of burden value as given by

Konya and Walter (19%0) is:
o&]181 200 12
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B = {2&4.5]@9 ........... (3.1)
P,

Where,
B = Burden in inches
pe = Specific gravity of explosive
pr = Specific gravity of rock
De = Diameter of explosive in inches (for bulk explosive, it is the
diameter of drill hole)

The value of spacing is calculated in function with the burden, delay timing
between blastholes and the initiation sequence. In general, spacing value
varies between 1.2 and 2.0 times the burden value.

Stemming Length

Stemming is the portion of blast hole which has been packed with inert
material above the charge so as to confine and retain the gases produced
by the explosion before the actual burden movement. Stemming length
depends upon the nature of rock blasted, required throw, fragmentation as
well as the type and size of stemming materials. Stemming length can be
varied widely, ranging between 20 and 60 times the hole diameter.
Whenever possible, stemming length of more than 25 times the blasthole
diameter should be maintained in order to avoid flyrock, air blast, cutoffs
and overbreak.

Explosive Type

The type of explosives to be used depends on properties of rock to be
fragmented, ground water condition and availability in market. In hard and
massive formations, explosive with higher density and higher strength is
required for proper fragmentation. However, in softer formation and heavily
jointed rock mass, low density explosive with lower strength may be used.
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Specific Charge/Powder Factor

The quantity of explosive (kg) required to fragment one cubic metre of rock
is called as specific charge or charge factor (kg/m3). The specific charge
increases with an increase in diameter of blasthole, rock strength, degree of
fragmentation, displacement and swelling desired. The wide range of
specific chare for different types for rock in case of surface bench blasting is
given in Table 3.1. In some places, specific charge is also termed as charge
factor (kg/m3).

Table 3.1: Ranges of specific charge for bench blasting in surface mines
(after Jimeno et al., 1995)

Types of rock Specific charge (kg/m3)
Massive and high strength rock 0.60-1.50
Medium strength rock 0.30 - 0.60
Highly fissured rocks, weathered or soft 0.10-0.30

IMPACT OF BLASTING ON SURROUNDING ENVIRONMENTS

Only 15-30% of the total energy generated from the detonation of an
explosive charge inside a blasthole is estimated to be used for the actual
rock breakage. Rest of the energy is wasted in the form of ground vibration,
noise and flyrock. These are the main environmental impacts resulted from
surface blasting operations. Toxic fumes generated from blasting can also
affect the working environment, especially in underground mines, tunnel,
etc. However, this effect is less environmental concerned in case of surface
blasting in comparison to ground vibration, flyrock and noise. Hence,
fundamental concepts on these three environmental impacts created by
surface blasting are discussed in this section.

Blast Induced Ground Vibration

When an explosive charge inside a blasthole is detonated, the explosive is
converted into a hot gas at intense pressure. A steep wave front travels into
the rock, crushing it for roughly twice the radius of the original blasthole,
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depending upon the resistance of the rock (Figure 4.1). In many rock types,
the cavity that is formed has about four times the volume of the original hole
around the charge. Many radial cracks start to form as the cavity expands.
However, a few of the cracks become dominant and the other stop
growing. The expanding gases continue to work on the rock, extending the
cracks, and moving the rock upward and outward. This activity takes place
in the zone of intended work on the rock, breaking it and moving it for
excavation.

Beyond the perimeter of damage rock zone, the pulses are called elastic
waves or seismic waves, meaning that there is no further damage to the
rock or any permanent displacement of the rock properties. Seismic waves
generated from blasting source travel in all directions. As they travel through
the medium, they cause particle of the medium in motion which is called
vibration.

Originul borehgle
¢+ radivs |/

; [ AL 1. Crushed Zone
i t Y Y 5 | 2. Severely Fractured Zone
Exﬁlqndgd 4 ' "' T 3. Moderately Fractured Zone
borehole radius aftdy f ‘A 4. Least Fractured Zone
detonation ', ¥ 5. Seismic zone/ Elastic zone

Fig. 4.1: Different zones of rock deformation around a blast hole

The velocity of a particle at any instant of time during the vibration
disturbance is called as particle velocity. The maximum velocity from the
position of rest is peak particle velocity or in short ‘PPV'. PPV has traditionally
been used as a mean to establish the degree of blast damage.

Q;q/oﬂ/(
15

Sr. Prir
Rock Excavation E genng Divi un
CSIR-Central Institt Mining and Fue: Research

Barwa Road, Dhanbad-826015 Jharkhand (INDIA)



2%

%

CSIR-Central Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826015

4.1.1

Factors Affecting Vibration Intensity and Characteristics

The intensity and characteristics of ground vibration generated from a
blasting source depend upon different parameters such as:

Local geology

Charge weight per delay

Distance from the point of blast

Delay period

Spatial distribution of explosive charge

Confinement

Type of explosive

0O 0 0o o o

The local surrounding geology has a great influence on the intensity and
characteristics of ground vibration. The frequencies of seismic waves
produced from blasting mainly depend on nature of the transmitting
medium and the distance of measurement. If geological formation of the
rock strata in a particular area is having massive formation with shallow soil
cover, the blast -vibration wil be characterized by relafively lower
frequencies. However, if the area around the blasting site has a deep
covering of soll and jointed rock formations, the vibration wil be
characterized by relatively lower frequencies and larger displacement. Also
with increasing the distance, high frequency waves attenuate and only
lower frequency wave can travel to a larger distance. The magnitude of
ground vibration also increases with decrease in distance of observation
from the blasting source and vice-versa.

In a blast where more than one period number of detonators is used, the
largest charge per delay has the most direct influence on vibration intensity
and not the total charge used for the blast, as long as the delay interval is
sufficient to avoid constructive interferences between the waves generated
by the different group of holes (Jimeno et al., 1995). A delay interval of 8 and
? ms were suggested by Duval & Petkof (1959) and Duval & Fogelson (1962)
to eliminate constructive interferences of different seismic waves generated
from blasting. For the same charge weight per delay, vibrations produced
from a single large hole diameter would be more than those generated from
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4.1.2

more number of holes with smaller diameter due to the spatial distribution of
explosive charge (Oriard, 2002).

The confinement of explosive charge such as more burden and spacing
values, deeply buried charge (excessive stemming length) and presence of
blasted material at the face (choked face) generally increase the level of
ground vibration. Explosives having lower borehole pressures also produce
lower vibration than those explosives having higher strength with more
detonation pressure.

Ground Vibration Standards in India

Peak particle velocity (PPV) is mainly used to form the basis of blast damage
criteria for different types of structures. The prescribed permissible limits of the
Directorate General of Mines Safety (DGMS) on ground vibrations for
different type of structures depending on the frequency of blast waves
(Technical Circular No. 7, 1997) are given in Table 4.1. The ground vibration
standards have also been given by the Indian Standard of Insfitution (IS:
6922) on the basis of the ground condition as given in Table 4.2. The 1S:6922
(1973) is applicable to normal structures like building, elevated structures,
bridges, retaining walls, concrete and masonry dams consfructed in
materials like brick walls, stone masonry and concrete.

Table 4.1: DGMS-prescribed permissible limit of ground vibrations
(Technical Circular No. 7, 1997)

Type of structure Dominant excitation
frequency, Hz

<8Hz | 8-25Hz | >25Hz

(A) Buildings/structures not belong to the owner

1. Domestic houses/structures 5 10 15
(Kuchcha, brick & cement)

2. Industrial buildings 10 20 25

3. Objects of historical importance 2 5 10

and sensitive structures

(B) Buildings belonging to owner with limited span of life

1. Domestic houses/structures 10 18 25
2. Industrial buildings 15 25 50

17
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Table 4.2: Peak Particle velocity as damage criteria for different types of rocks

(after Indian Standard Institution, 1S:6922, Sec. 4.1.1.2, 1973)
Soil, weathered or soft rock conditions 70 mm/s
Hard rock conditions 100 mm/s
4.1.3 General Control Measures to Reduce Ground Vibration

The followings are some of the principal reasons that can be taken info

account for reducing blast generated ground vibrations:

o  Minimizing the explosive charge per delay by reducing drill hole
diameter, blasthole depth, decking the explosive charges in a hole and
initiating them at different tfimes.

o Reduce the number of blastholes having instantaneous detonators by
using more number of delay detonators.

o Choose effective delay time between holes and rows which avoid wave
interaction and give good rock displacement.

o Set the initiation sequence in a way that it progresses away from the
structures to be protected.

o Maintain bench height to burden ratio more than two and use
adequate powder factor to decrease over confinement of explosive
charge.

o Use the largest possible free face blast area and avoid choked face
blasting.

4.2 Flyrock

Flyrock, also called rock throw, is the uncontrolled propelling of rock
fragments produced in blasting. Flyrock constitutes one of the main sources
of material damage and harm to people. The possible causes of flyrock,
which are commonly encountered during any bench blasting in surface

mine, are depicted in Figures 4.2 (A to G).
:i . 18
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Fig. 4.2: Common causes of flyrock in surface bench blasting
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The control measures of flyrock in surface blasting operation are given
below-

a The primary means of controlling flyrock is through proper blast design
and delay timing. The consistency of the burden, specially the front
burden (distance between first row to free face) must be maintained.

a Bench height to burden ratio less than 1.5 should be avoided. The
spacing of about 1.2 - 2.0 times the burden is suggested to reduce the
flyrock.

o While loading a shot, the blaster must be aware of his frue powder factor
(in m3/kg i.e. reverse of charge factor) in terms of the amount of
explosive to be charged for the quantity of rock to be fragmented.
Charging of excessive explosive quantity must be avoided.

o When firing more than one row of holes, sufficient delays should be used
between the two sequence of rows of holes. Based on the observations,
delays of at least 50 ms or more should be used between two
consecutive rows.

o Length of stemming column should be greater than or at least equal to
25 times the hole diameter. For better protection, it may also be taken as
greater than or equal to the burden.

o The blasting site should always be inspected before marking the holes. If
any open joints and clay fillings are present in the bench, an adjustment
should be made in the driling pattern.

o Before loading, blasting officials should always check the hole depths
and ensure that the holes are drilled as per the blast design. Any change
in the blast design should be carefully considered from the standpoint of
its potential effect on flyrock.

o All loose pieces of rock from the blasting site should be cleared before
charging.

pepsiaef 29
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4.3

Accidents due to lack of blast area security are commonly caused in the
mines due to following reasons, which should be strictly taken care of in all
the blasting operations.

Failure to evacuate the blast area by employees and visitors,

Failure to understand the instructions of the blaster or supervisor,
Inadequate guarding of the access roads leading to the blast area,
Taking shelter at an unsafe location or inside a weak structure.

0 0 0O O

Blast-induced Noise/air overpressure

Noise or air blast/air overpressure is considered to be one of the most
hazardous environmental disturbances created by blasting operation. Blast-
induced air overpressure is the energy transmitted from the blast site within
the atmosphere in the form of a series of pressure waves. Overpressure
simply means the pressure over and above that of atmospheric pressure
being present and the term air overpressure is used to describe the airwave
generated by blasting. Air overpressure is formed either by the direct action
of the explosion products from an unconfined explosive in the air or by the
direction of a confining material subjected to blast loading. The pressure
wave consists of both audible (noise) and sub-audible (concussion) energy.
The maximum excess pressure in this wave is known as the peak air
overpressure, generally measured in decibels (dB) using the linear
frequency-weighting (L). The decibel is defined in term of air overpressure
with the equation:

AOP = 20 x log [;} ............ (4.1)

o

Where,
AOP = air overpressure in dB,

P = measured overpressure in N/m2, and
Po = pressure of the lowest audible sound (2.0 x 106 N/m2).

21
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4.3.1 Factors Affecting Air overpressure

Oriard (2002) listed out the various factors contributing to air overpressure
and arranged roughly in order of decreasing importance as follow:

Maximum charge weight per delay

Depth of burial of the explosive charges

Exposed detonating materials on the ground surface
Atmospheric condition

Topography

Volume of displaced rock

Delay interval and orientation

o 0 oo o0 oo

= 4.3.2 Air overpressure Standards

Air overpressure generated due to blasting generally causes minor structural
damage such as glass window breakage. No major structural damage is
usually reported due to air overpressure unlike in the case of ground
vibration. Presently, no standard / regulation or guidelines are available in
India by the regulatory agencies regarding the permissible levels of air
overpressure and noise from blasting operation. The typical dir overpressure
limits as given by Oriard (2002) and the limits recommended by United States
Bureau of Mines (USBM) for surface mine blasting are given in Table 4.3 and
Table 4.4 respectively. Table 4.5 shows Cenfral Pollution Control Board
(CPCB), India's permissible levels for noise exposure for work zone area as
prescribed under Model Rules of Factories Act, 1948.

Table 4.3: Typical air overpressure criteria (After Oriard, 2002)
171 dB General window breakage
151 dB Occasional window breakage
. 140 dB Long-term history of application as a safe project specifications
134 dB Bureau of Mines recommendation following a study of large-scale

surface mine blasting
Jé o efic vy
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Table 4.4: Air overpressure limits recommended by USBM for
surface mining (RI 8485)
134 dB 0.1 Hz high pass measuring system
133 dB 2.0 Hz high pass measuring system
- 129 dB 6.0 Hz high pass measuring system
105 dB C-slow weighting scale on a sound level meter
(Events less than or equal to 2 - sec duration)

- Table 4.5: Central Pollution Control Board (CPCB) permissible levels for noise
exposure for work zone area

- Peak sound pressure in dB Permitted number of impulse or impact/day
140 100
135 315
130 1000
125 3160
K 120 10000
Note:

~ 1. No exposure in excess of 140 dB peak sound pressure level is permitted.

2.For any peak sound pressure level falling in between any figure and the next
higher or lower figure as indicated in column 1, the permitted number impulses
or impacts per day is to be determined extrapolation on a proportionate basis

4.3.3 General Control Measures to Reduce Noise/Air overpressure

a Increase confinement of explosive charge (i.e. burial depth of explosive)
with longer stemming height (greater than 25 times the blasthole
- diameter) and avoid shallow hole depth and plaster shooting.

o Minimize explosive charge weight per delay by using proper delay to
reduce direct influence on air overpressure.

a Choose delay times so that the blast progresses along the face velocity
lower than that of sound in the air (320 m/s).

o Avoid using detonating cord, and when it is completely unavoidable,
cover it with sand/soil/drill cuttings of a minimum thickness of 10 fo 15 cm.

o Never conduct blasting when the direction of the wind is critical.

- o Avoid blasting in cloudy weather.
23
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5.0

FIELD INVESTIGATIONS

The field visit was conducted on 29t September, 2021 to identify and study
the different structures present near the mining lease area which will require
protection from blast induced ground vibrations, flyrock and air

- overpressure. The following different structures were identified:

(1) Railway Line of Khandwa-Ratlam-Ajmer section, Western Railways with
the following cdmponents:
(a) Railway Sleeper (railroad tie/cross tie),
(b) Steel rail,
(c) The different parts of Overhead Line Electrifications - Mast,
electric line, insulator, rigid suspension, steady arm efc.,
(d) Railway underpass for road and drainage.

(2) Residential houses, School and other important structures in Chenpura
vilage and Gandhi colony.

S
Plate 5.1: View of the investigating team at the site to identify the
different structures present near the ML

. 24
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The Railway line of Kandwa-Ratlam-Ajmer Section of Western Railways is
running parallel to the mining lease area along the eastern side. The
distance of the Railway Line from the mining lease boundary varied from 60
to 100 m (Figure 5.1). It was observed that the Minimum & Maximum
distance from the 15t Five Year Plan to the Railway Line would be 150 m and
290 m respectively (Figure 5.2 & 5.3). The Railway Line, Overhead Line
Electrifications and the underpass (for road and drainage) which will require
protection from blast induced ground vibration and ﬂyrock are shown in
1 Plates 5.2 to 5.6.

Plate 5.3. View of the Overhead Line Electrifications
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Plate 5.4. Vi of the underpass for drainage below the new railway line

Plate 5.6. View of the underpass for road below the new & old railway lines
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Chenpura village is located in the western side of the ML and the distance
from the ML boundary near the 1st Five Year Working is 170 m (Figure 5.4).
There are residential houses as well as schools and other public structures
present in the Chenpura village. Most of the houses are single storey with
bricks and cement structures. Gandhi Colony is also located in the eastern
side, near the ML boundary. However, the residential houses in this colony
are located more than 740 m from the proposed site of 1t Five Year Working
(Figure 5.5).




i

b P
Lol

e
CSIR-Central Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826015 ;@%

6.0

ASSESSMENT OF BLASING IMPACTS TO RAILWAY LINE AND OTHER STRUCTURES

In order to assess the magnitude of ground vibrations generated by the
blasting operations at the proposed Five Years Workings of the mine, the
ground vibration predictor equation already developed by CSIR-CIMFR at
the nearby mines of JK Cement having similar geo-mining conditions has
been used (CSIR-CIMFR Technical Report: CNP/3080/11-12, 2012). CSIR-
CIMFR carried out extensive field investigations for the development of
controlled blasting at the different opencast mines of JK Cement situated at
Nimbahera. The regression analysis of ground vibration data recorded at
different distances is given in Figure 6.1. The established ground vibration
predictor equation based on extensive experimental blasts is given as:

D

W Qmax

Coefficient of determination = 0.802
Standard Deviation =0.127

V =23216 X

:I-LSB

............... — (1)

Where, S
P = Peak particle velocity (mm/s)
D = Distance of vibration monitoring point from the blast face (m).
Qmex, = Maximum explosive weight per delay (kg).

TS e i SR e e o n

Rl Bl Tesh

Regression Line For FINAL_JKLM SDF
95% Line Equation: V = 3216 * {SD)\-1.58)
Coefficient of Determination = 0.802 Standard Deviation = 0.127

Peak Particle Valocity (mm/s)
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Using the ground vibration predictor equation given in Equation-1, the
maghnitude of ground vibrations generated for different values of maximum
explosive charge per delay at different distances have been determined
and are given in Table 6.1.

Table é.1. Predicted ground vibration for different Qmax and Distances
Dist. Ground Vibration for Different Qmax
(m) | 20kg | 30kg | 40kg | 50kg | é0kg | 70kg | 80kg | 90kg | 100 kg |
50 70.9 PTT 122.6 146.3 168.9 190.8 | 212.0 | 232.7 | 2529
60 53.2 73.2 91.p 109.7 126.6 | 1430 | 159.0 | 1745 | 1896
70 41.7 57.4 72.] 86.0 29.3 112.1 124.6 136.7 148.6
80 33.7 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 83.8 21.9 99.9

100 23.7 32:7 41.0 48.9 56.5 63.8 70.9 77.8 84.6
125 16.7 23.0 28.8 34.4 39.7 44.9 49.8 54.7 59.5
150 12.5 17.2 21.6 25.8 29.8 33.6 37.4 41.0 44.6
175 9.8 13.5 16.9 20.2 23.3 26.4 293 32.1 34.9
200 i 10.9 13.7 16.4 18.9 21.3 23.7 26.0 28.3
225 6.6 2.1 11.4 13.6 15.7 17.7 12.7 21.6 23.5
250 5.6 7 9.6 11.5 13.3 15.0 16.7 18.3 19.9
275 4.8 6.6 8.3 9.9 11.4 129 14.3 157 17.1
300 4.2 58 7.2 8.6 10.0 11.2 12.5 137 14.9

Based on the field investigations carried out by CSIR-CIMFR at different
limestone mines located near Nayagaon-Chenpura Limestone Deposit such
as different mines JK Cement at Nimbaehra (CSIR-CIMFR Technical Report:
CNP/3080/11-12, 2012) and Vikram Cement Mines of M/s UltraTech Cement
Limited, Neemuch (CSIR-CIMFR Report: CNP/3215/2011-12, 2012), higher
frequencies of ground vibration waves of more than 8 Hz were obtained.
Hence, based on the ground vibrafion standard prescribed by the DGMS,
the safe values of peak particle velocity (PPV) for different structures present
at the proposed limestone mine can be assigned as given in Table 6.2. The
safe level of ground vibration for the different structures of Railway Line has
been taken as 20 mm/s. Similarly, for residential houses, schools and other
surface structures, not belonging to the owner i.e. JK Cement Limited, the
safe level of PPV has been taken as 10 mm/s. The calculated value of
maximum explosive charge per delay for the different distances keeping
PPV as 20 mm/s and 10 mm/s for Railway Line and Residential houses are

given in Table 6.3.
Mﬂ%ﬁow 3
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Table 6.2. Threshold level of PPV for different structures near the ML Area of
Nayagaon-Chenpura Limestone Deposit

Sl. No. Structures Safe Level of PPV
1. Railway Line with the following structures 20 mm/s
(a) Railway Sleeper
(b) Steel raily

(c) Overhead Line electrifications
(mast, insulators, electric line etc.)
(d) Railway Underpass Structures

2 Residential Houses, Schools and other important 10 mm/s
structures of the villages (Chenpura & Gandhi
Colony)

Table 6.3. Calculated values of maximum charge per delay for different distances
from ground vibration predictor equation developed for KJ Cement Limited
keeping PPV values of 10 mm/s and 20 mm/s

Distance Calculated safe value of maximum explosive charge per delay
[m] For residential houses and other For different structures of the
structures not belonging to owner Railway Line
(PPV =10 mm/s) (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

80 4.27 kg 10.24 kg

90 5.40 kg 12.96 kg

100 6.67 kg 16.00 kg

125 10.42 kg 25.00 kg

150 15.01 kg 36.00 kg

175 20.43 kg 49.00 kg

200 26.68 kg 64.00 kg

225 33.77 kg 81.00 kg
250 41.69 kg 100.00 kg
275 50.44 kg 121.00 kg
300 60.03 kg 144.00 kg
325 70.45 kg 169.00 kg
350 81.71 kg 196.00 kg
375 93.80 kg 225.00 kg
400 106.72 kg 256.00 kg
325 70.45 kg 169.00 kg
350 81.71 kg 196.00 kg
375 93.80 kg 225.00 kg
400 106.72 kg 256.00 kg
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7.0

¥

The Minimum and Maximum distance of 1st Five Year Working from the
Railway Line is 150 m and 290 m respectively. Similarly, the distance of
Chenpura Village is 170 m from the ML boundary and the distance of Five
Year Working is 350 m. The proposed hole depth for deep-hole blasting
operation is 6 to 7 m with hole diameter of 110 m. Depend on the nature of
limestone deposit encountered, the explosive charge per hole for 6 fo 7 m
hole depth will vary from 20.00 to 35.00 kg.

Therefore, based on the assessment of ground vibration levels produced by
different explosive charge per delay for the different distances from the
Railway Line, blasting operations can be carried out safely without affecting
the Railway Line due to blast induced ground vibration. Similarly, blasting
operations can be carried out safely without affecting the residential houses
and other structures present at Chenpura village and Gandhi Nagar Colony.
However, flyrock should be completely controlled in all the blasting
operations. The controlled on flyrock can be done by using muffling
arrangements.

Hence, the adverse impacts on Railway Line as well as residential
houses/structures of the nearby villages due to blasting operations can be
controlled effectively by following controlled blasting operations at the
proposed limestone mine.

RECOMMENDED CONTROLLED BLASTING PATTERNS
Controlled Blasting Patterns for the Safety of Railway Line

The Minimum and Maximum distance of 1st Five Year Working from the
Railway Line is 150 m and 290 m respectively. However, it was observed that
blasting operations can also be carried out safely at the distance of 100 m
from the Railway Line. Therefore, looking into the future possibility of working
closure the railway line, the different blasting zone have been classified for
designing of controlled blasting as:

og)isfre
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(1) 100 - 200 m from Railway Line
(2) 200 - 300 m from Railway Line
(3) Beyond 300 m from Railway Line

The recommended controlled blast design parameters for the different
blasting zones from the Railway Line are given in Table 7.1. Within the
blasting zone of 100 to 200 m from the Railway Line, the number of rows
should be limited to two only. The charge factor value ranging from 0.42 to
0.57 kg/m3 have been considered for calculation of the explosive charge
per hole. The charge factor may be changed based on the actual nature of
limestone deposits encountered at the mine to achieve the required
fragment size. The recommended charging patterns, driling patterns and
fiing patterns of holes for the different blasting zones from the Railway Line
are given in Figure 7.1 to 7.14.

Table 7.1: Recommended controlled blast design parameters for different blasting
zone from Railway Line at Nayagaon-Chenpura Limestone Deposit

Blast Design parameters Distance from Railway Line

100 - 200 m 200 - 300 m Beyond 300 m
Hole diameter (mm) 100-115 100-115 100-115
Hole depth (m) 60-70m 60-70m 60-70m
No. of holes 20-25 25-30 30- 50
Driling pattern Staggered Staggered Staggered
No. of rows 1to2 2103 3to 4
Burden (m) 2.5 3.0 3.0
Spacing (m) 3.0 4.0 4.0
Top Stemming column (m) 3.0-3.2 2.5-28 2.5-28
Charge per hole (kg) 22.50 - 30.00 30.00 - 35.00 30.00 - 35.00
Max. charge/delay (kg)* 22.50 - 30.00 30.00 - 70.00 60.00 - 70.00
Total charge (kg) 450.00 - 750.00 750.00 - 1050.00 900.00 - 1750.00

* Holes fired within 8 milliseconds window

The following precautionary measures are recommended for controlled
plasting operations nearby the Railway Line.

(1)

The entire blasting area should be muffled using blasting mats/wire-

mesh/conveyor belts within the blasting zone of 100 to 150 m. If wire-
mesh or conveyor belts are used for muffling arrangement, a minimum

35
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(3)

(4)

(3)

three number of sandbags having sufficient weight should be placed
over each blast hole to prevent stemming ejection.

Within the zone of 150 to 200 m, all the blast holes should be covered
with either wire-mesh or conveyor belts. A minimum three number of
sandbags with sufficient weight should be placed over each hole to
prevent the stemming ejection.

Beyond 200 m of the Railway Line, muffling arrangement may not be
required. However, all other precautionary measures for flyrock as
given in Section 4.2 of the report should be followed.

Within the blasting zone of 100 to 150 m, if any hole contains water, it

should be dewatered before charging of explosive. If holes are filled
with water, it is recommended to use stone chips of 6 - 8 mm sizes for
stemming materials.

Blasting fime should be fixed in consultation with the Railway
Management. Blasting should not be conducted during any train
movement near the mining lease area.

All other additional safety measures given by the DGMS should be
strictly followed.
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Fig. 7.1. Suggested charging pattern of holes for é m hole
depth of 110 mm hole diameter

36
agjjaro Y
Dr.C. 5J‘u‘uf|‘u|i.‘."&-‘:l
Sr. Principal § & HOS
Rock Excavation t'_

CEIR-Central Institute of Mining and Fuer Research
Barwa Road, Dhanbad-826015 Jharkhand (INDIA)

ing Divirion



"sm:i.ri()%
Tl

CSIR-Central Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826015

[ s BB | pece ANFOL37m 30481 i N = & B Hahole '300my, 300ms,{i5]
e e i = S | —
[DECK HATERIAL Delay Element |
Display Label: ANED Display Label® 300ns |
ORH paotuct. bulk Inside BOTE. 32 |
134 nEl1de 7
Actual Delay 300.00 as |
SG: 0.850 Homanal Delay-300.00 as |
VoD 3500 mes Hominal 1.00 x |
000 WJ-ka Inhole Length 6 900 » |
RS- 1.150 ! Hin. Llimit: 0 ws |
FES: 1 700 il Hax  Limit: +anfinity 1
‘Hin D&t Dian 75 000 wm
| Connscticn
(BULE) | Daisplay Label nonsl
(Fully coupled) | CEH Series: (geperic)
) OEM Prccuct ‘Booe.
Inside HOLE: 1-10 | VOD- 2000 s
Length of deck. 3.714 m 1t |
Masz= pf deck: 30.000 kg { Primer i
Linear Density: 8.078 kg m i musﬁy Label - . |
% Lemgth of hole. 63.086 X i Series: {generic)
| 0N Product primerl |
Order in hole: 1 |
(Kot detonated) | (Not detonsted)
I15
| |
| H
| |
‘ |
|
i
| ! |
| |
| L o
| |

Fig. 7.2. Suggested charging pattern of holes for 7 m hole depth
of 110 mm hole diameter

FREE FACE FREE face

Fig. 7.3. Recommended driling and surface hole-to-hole firing pattern for controlled
blasting operations within 100 - 200 m from the Railway Line
[Inter-Hole Delay = 25 ms & Inter-Row Delay = 42 ms]

FREE PecE

Fig. 7.4: Diagonal sequence of rock movement and time contour obtained from the
recommended firing pattern in Figures 7.3
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Fig. 7.5. Another recommended drilling and surface hole-to-hole firing pattern for
controlled blasting operations within 100 - 200 m from the Railway Line
[Inter-Hole Delay = 25 ms & Inter-Row Delay = 42 ms]

Fig. 7.6: Diagonal sequence of rock movement and time contour obtained from the
recommended firing patterns in Figures 7.5

FREE FacE P

Fig. 7.7. Recommended driling and surface hole-to-hole firing pattern for controlled
blasting operations within 200 - 300 m from the Railway Line
[Inter-Hole Delay = 25 ms & Infer-Row Delay = 42 ms & 65 ms]

Fig. 7.8: Diagonal sequence of rock movement and time contour obtained from the
recommended firing patterns in Figures 7.7
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Fig. 7.9. Another recommended drilling and surface hole-to-hole firing pattern for
controlled blasting operations within 200 - 300 m from the Railway Line
[Inter-H = - =

FREE FalE

Fig. 7.10: Diagonal sequence of rock movement and time contour obtained from the
recommended firing patterns in Figures 7.9
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Fig. 7.11. Recommended driling and surface hole-to-hole firing pattern for
confrolled blasting operations beyond 300 m of the Railway Line
[Inter-Hole Delay = 25 ms & Inter-Row Delay = 42 ms, 65 ms & 84 ms]
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Fig. 7.12: Diagonal sequence of rock movement and time contour obtained
from the recommended firing patterns in Figures 7.11
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Fig. 7.13. Another recommended drilling and surface hole-to-hole firing pattern for
controlled blasting operations beyond 300 m of the Railway Line
[Inter-Hole Delay = 25 ms & Inter-Row Delay = 42 ms]

Fig. 7.14: Diagonal sequence of rock movement and time contour obtained from
the recommended firing patterns in Figures 7.13

7.2 Controlled Blasting Patterns for the Safety of Village Houses/Structures

During the 15t Five Year Working, the blasting operations will be conducted
at 350 m from the Chenpura village. Gandhi colony will also be located
more than 740 m from the 1t Five Year Working site. Hence, the controlled
blast design patterns recommended for the safety of the Railway Line will
also be applicable for the residential houses and other structures present at
Chenpura village as well as Gandhi colony. However, as the working faces
advance toward the western side of the mining lease area (2@ Year to 5t
Year), the distance of Chenpura vilage will be nearer. In contrast, the
Railway Line will also be further in the successive years. Hence, control on
ground vibration and flyrock will also be necessary for the safety of habitats,
residential houses and other structures in Chenpura village.
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7.3

Chenpura village is located in the western side, at 170 m from the mining
lease boundary. The safe value of PPV for the residential houses and other
surface structures present at Chenupra village and Gandhi Colony has been
taken as 10 mm/s. The recommended controlled blast design patterns for
conducting safe blasting operations from the vilage houses/structures are
given in Table 7.2.

Table 7.2: Recommended controlled blast design parameters for different blasting
zone from village houses/structures at Nayagaon-Chenpura Limestone Deposit

Blast Design parameters Distance from Village Houses/Structures
170 - 200 m 200 - 300 m Beyond 300 m

Hole diameter (mm) 100-115 100-115 100-115
Hole depth (m) 60-7.0m 60-70m 6.0-7.0m
No. of holes 20-25 25-30 30 - 50
Drilling pattern Staggered Staggered Staggered
No. of rows 1102 2to 3 3to4
Burden (m) 2.0-25 2530 3.0
Spacing {m) 2.5-30 2.3-4.0 4.0
Top Stemming column (m) 3.2-40 2.80-3.5 25-28
Charge per hole (kg) 15.00 - 22.50 22.50 - 35.00 30.00 - 35.00
Max. charge/delay (kg)* 15.00 - 22.50 22.50 - 35.00 60.00 - 70.00
Total charge (kg) 300.00 - 560.00 560.00 - 1050.00 900.00 - 1750.00

* Holes fired within 8 milliseconds window

Recommended Explosive Types and Initiation System

The recommended explosive types are both ANFO explosive and Large
Diameter (LD) cartridge explosive of 83 mm diameter, 2.78 kg weight per
cartridge. In case of LD explosives, the quantity of primer charge in a blast
hole should be more than 25% of the explosive charge in the hole. The
recommended properties for the LD explosives for Dbetter Dblast
performance/fragmentation are given in Tables 7.3 & 7.4.

Table 7.3: Recommended properties of Primer Charge of LD explosives

Sl. No. | Properties Acceptable Limit
1 Density (g/cc) 1.15+0.10
2 Cap/booster sensitivity Fire
3 Air-gap sensitivity (AGS) - 2 cm Fire
4 Velocity of detonation (m/s) 4200 = 500
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Table 7.4: Recommended properties of Column Charge of LD explosives
Sl. No. | Properties Acceptable Limit
1 Density (g/cc) 1.15+0.10
2 Cap/booster sensitivity Fire
3 Air-gap sensitivity (AGS) -2cm Fire
4 Velocity of detonation (m/s) 3800 + 500
For in-hole explosive initiation and surface hole-to-hole firing, either non-
electric (nonel)/Shock-tube initiation system or electronic detonators can be
used. Detonating Fuse (DF) should not be used for in-hole explosive and
surface hole-to-hole initiation. For inter-hole delay, either 17 ms or 25 ms TLD
have been recommended. However, for the inter-row delay, 42 ms TLD or 65
ms TLD should be used. If more number of rows are blasted in a single round,
the Inter-Row Delay should be increased to 65 ms or 84 ms delay for the last
rows. The recommended maximum scattering of delays in case of TLD is + 5
ms and for DTH, the permissible scattering is £ 10 ms.
8.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the observations made during the site visit and the assessment of
possible blasting impacts on the Railway Line, Residential Houses and other
structures present near the Mining Lease Area of Nayagaon-Chenpura
Limestone Deposit/Mine, the following conclusions and recommendations
have been made.

(1)  Khandwa-Ratlam-Ajmer Section of Western Railways is passing along
the eastern boundary of the Mining Lease area. The distance of the
railway line from the Mining Lease boundary varied from 60 to 100 m.
The Minimum and Maximum distance of 15t Five Year Working from the
Railway line is 150 m and 290 m respectively.

(2) Amongst the different components of Railway Line, railway sleeper,
steel rails, different parts of the overhead line electrifications viz. mast,
electric line, insulators, rigid suspension etc. and the underpass are
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found to be vulnerable from blast induced ground vibration and
flyrock.

- (3) Chenpura village is located in the western side of the Mining Lease at
the distance of 170 m from the Mining Lease boundary. Gandhi
colony is also located just outside the Mining Lease area in the eastern
side. However, the distance of Gandhi colony from the proposed 1¢!
Five Year Working is 740 m and Chenpura village is 350 m.

(4) For the assessment possible blasting impacts to the Railway Line and
nearby villaoge houses/structures, the ground vibration predictor
equation already developed by CSIR-CIMFR at the nearby mine of JK
Cement situated at Nimbahera have been used. The mines at
Nimbahera have the similar geo-mining condition with the study mine.

(5) Based on the dominant frequencies obtained at different mines of JK
Cement Limited at Nimbahera and Vikram Cement of M/s UltraTech
at Neemuch, the safe level of PPV for the different structures of
Railway Line has been taken as 20 mm/s. However, for the vilage
houses and other structures present at Chenpura village and Gandhi
Colony, the safe level of PPV has been considered as 10 mm/s.

- (6) Based on the assessment of ground vibration levels for different
explosive charge quantities at various distances, blasting operations
can be carried out safely without affecting and endangering the
Railway Line. Similarly, blasting operations can be carried out safely
> without affecting the habitants and residential houses/structures of
e Chenpura village and Gandhi Colony.

(7) Controlled blast design patterns have been recommended for
conducting safe blasting operations nearby the Railway Line. The
recommended blast design parameters and firing patterns of holes
are given in Table 7.1 and Figures 7.1 to 7.14 of the report. Similarly, the
recommended controlled blast design parameters for the safety of
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(8)

(7)

(10)

residential houses and other structures of the nearby villages are given
in Table 7.2 of the report.

It is recommended fo muffle the entire blasting area using blasting
mats/wire-mesh/conveyor belts with sufficient sandbags within the
blasting zone of 100 -150 m from the Railway Line. Within the blasting
zone of 150 to 200 m from the Railway Line, all the blast holes should
be covered with either wire-mesh or conveyor belts and sufficient

sandbags.

Blasting time should be fixed in consultation with the Railway
Department. No blasting operation should be conducted during any
frain movement near the mining lease area.

Nonel (Shock Tube) initiation system is recommended for in-hole
explosive initiation and surface hole-to-hole firing. For effective control
on ground vibrations, the recommended maximum scaftering of
delays in case of TLD is + 5 ms and for DTH, the suggested limit for
scattering of delay is + 10 ms.

Acknowledgement

The Research Team is thankful to the management of JK Cement Limited for
awarding the study to CSIR-CIMFR. They are thankful to the officials and
staffs from the Mining Department JK Cement Limited for their supports and
cooperation during the field investigation.

References

la

CSIR-CIMFR Technical Report on "Study and advice on the blast
parameters to optimise the charge per delay to maintain the levels of
ground vibration and noise within the safe limits as per DGMS circular
considering the production schedule for the JK (Nimbehra) Limestone
Mine". Project No: CNP/3080/11-12.

j 44
ooy

Dr. C. Sawmliana
Sr. Principal Scier 408
Rock Excavation Engineering Divic ion
CSIR-Lentral Institute of Mining and Fuel Research
Barwa Road, Dhanbad-826015 Jharkhand (INDIA)




CSIR-Central Institute of Mining & Fuel Research (CSIR-CIMFR), Dhanbad-826015 i

CSIR-CIMFR Technical Report on "Scientific Study for Assessment of the
Impacts of Blast Induced Ground Vibration, Air Overpressure and Flyrock
Within 150 m of Residential Areas of SK2 & SK3 Mines of M/s Vikram
Cement Works" Project No: CNP/3215/2011-12 & Project No:

CNP/3644/2013-14.

Blasters' Handbook, 18th Edition, 2011. International Society of Explosive
Engineers, USA, (Eds. Jeffrey L. Dean et al.), p. 1030.

DGMS (Tech) S&T Circular No. 7 of 1997. Damage to the structures due to
blast induced ground vibration in the mining areas, Directorate General
of Mines Safety, Dhanbad, India, pp. 9-12.

Dowding, C. H., 1985. 'Blast vibration monitoring and control'. Prentice-

Hall, Englewood Cliffs, NJ, p. 287.

Duval, W. I. and Petkof, B., 1959. ‘Spherical propagation of explosion
generated strain pulses in rock’. US Bureau of Mines, R.I. 5483, p. 20.

Duval, W. I. and Fogelson, D. E., 1962. 'Review of criteria for estimating
damage to residences from blasting vibration’. US Bureau of Mines, R.l.
5968, p. 19.

Jimeno, C. L., Jimeno, E. L. and Carcedo, F. J. A., 1995. ‘Driling and
Blasting of Rock'. Gecmining Technological Institute of Spain, ISBN 90
5410 1997, A. A. Balkema/Rotterdam, p. 391.

Konya, C. J. and Walter, E. J., 1990. ‘Surface blast design’. Prentice Hall
Int. Inc., USA, p. 303.

. Oriard, L. L., 2002. ‘Explosive engineering, construction vibrations and

geotechnology'. International Society of Explosive Engineering (ISEE),
Cleveland, OH, USA, p. 680.

. Pal Roy, Pijush, 2005. 'Rock blasting effects and operations’, Oxford and

IBH Publishing Company Pvt. Ltd., New Delhi (Also published by A. A.
Balkema, Rotterdam, The Netherlands), p. 345.

,_
/Mﬂwz’m 45

Dr.'C. Sawmliana

Sr. Principal Scientist % HOS

Rock Excavatic 1eering Div
CEIR-Central Institute of M ."-.l' ] ;'i‘n'.'l I';ur Researct
...:__]:.“:;. Dr"..ar] I’J!"I" .8 4 G Lnesedrc

26015 Jharkhand (INDIA






