adani

Ports and
Logistics

AVPPL/MoEF/2021-22/1766 Date: 19" November 2021

To,

Additional Principal Chief Conservator of Forests (C),

Ministry of Environment Forest and Climate Change (MoEF&CC),
Regional Office (Southern Zone), Kendriya Sadan,

IVt Floor, EEF Wings, 17*" Main Road, 11" Block,

Koramangala, Bangalore-560034

rosz.bng-mefcc@gov.in

Ph: 080-25635901

Subject: Submission of Half Yearly Compliance Report (HYCR) to Conditions of
Environmental Clearance (EC) for the Period April 2021 to September 2021 -
Reg.

Reference: EC for building stone quarry project in Survey No. 555/2 at Nagaroor Village,
Chirayinkeezhu Taluk, Thiruvananthapuram District, Kerala; by M/s. Adani
Vizhinjam Port Pvt. Ltd. vide No. 1200/EC2/2018/SEIAA dated 01.03.2019

Dear Sir,

This has reference to the Environmental Clearance (EC) Order No. 1200/EC2/2018/SEIAA
issued on 3™ March 2019 (vide reference cited) by the State Environmental Impact
Assessment Authority (SEIAA), Kerala for the building stone quarry project in Survey No. 555/2
at Nagaroor Village, Chirayinkeezhu Taluk, Thiruvananthapuram District, Kerala of M/s Adani
Vizhinjam Port Private Limited (AVPPL).

The Half Yearly EC Compliance Report (HYCR) of the conditions stipulated in the cited
reference for the period from April 2021 to September 2021 is enclosed herewith for record
and reference. You are requested to kindly acknowledge the receipt of the same.

Thanking you. A PORN
@pj R D”Uhm‘\

Yourg Sincerely " /

Rajesh Jha i

MD & CEO - Authorized Signature
Enclosed: As mentioned above

Copy to: State Environment Impact Assessment Authority (SEIAA), K.S.R.T.C Bus
Terminal Complex, 4th Floor, Thampanoor, Thiruvananthapuram, Kerala

Adani Vizhinjam Port Pvt Ltd Tel +9179 2656 5555

3 Floor, Aspinwall House, Fax +9179 2555 5500
Kuravankonam info@adani.com
Thiruvananthapuram, www.adani.com

Kerala-695003 CIN: U61200GJ2015PTC083954

Registered Office:
Adani Corporate House, Shantigram, Near Vaishno Devi Circle, S. G. Highway,-Khodiyar, Anmedabad-382421
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Building Stone Quarry Project

Survey No. 555/2 at Nagaroor Village,
Chirayinkeezhu Taluk, Thiruvananthapuram District

Environmental Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

Half Yearly Compliance Report (HYCR)
for the Period April 2021 to September 2021

Project Proponent
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adani

Adani Vizhinj

am Port Private Limited
(AVPPL)

From: April 2021
To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu

Taluk, Thiru

vananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

Spe

cific Conditions

The mining should be
conducted with Non-Electric
Detonator (NONEL) Method
thereby minimizing air blast, fly
rock and ground vibration.

Complied

Mining is being conducted using Non-Electric
Detonator (NONEL) method of controlled blasting
only; to minimize the air blast, fly rock and ground
vibration. Till date no incident to fly rock has
been recorded.

Adani Vizhinjam Port Pvt. Ltd. (AVPPL) had
engaged Anna University, Department of Mining
Engineering, Chennai to conduct a scientific
study on Blast Induced Ground Vibration for the
Quarry. Altogether 10 experimental blast rounds
were conducted. Comprehensive vibration
monitoring was carried out during the blasting
experiment. In all the 10 trial blasts, ground
vibrations were monitored at 47 locations around
the blasting sites and neighboring village which
includes domestic houses and other prominent
structures of the village such as the houses are
not belonging to the owner of mine management.

Based on the scientific study, it is concluded that
the blast induced ground vibrations and noise
levels generated by the controlled blasting
carried out in the quarry are safe and well within
the permissible limit as per recommendations of
Directorate General of Mine Safety (DGMS) and
therefore is not affecting the residential buildings
and other structures. Further, it had been
observed that no flying fragments or projectiles
travelled beyond 10 m from the site of blast.
Hence, it was inferred through the study report
that controlled blasting can be carried out at the
Quarry. The Study Report is enclosed as
Annexure 1.

Extract a8 maximum of 7 lakh
tons of building stone within a
period of two years. Further
permission for mining may be
considered based on the
requirement then and
environmental assessment.

Will be Complied

During the compliance period (April 2021 to
September 2021), a total of 2.725 Lakh Tons of
building stones have been extracted and a total
cumulative quantity of 9.006 Lakh Tons of

building stones have been extracted from
inception of mining on 02.07.2019 till
30.09.2021.
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

In view of the additional requirement of building
stone for completion of phase 1 of the Vizhinjam
project, SEIAA decided to issue EC for the
extraction of a further 10.79 Lakh Tons granite
rock for the period from 2021-22 to 2023-24
subject original EC conditions vide their order No.
1200/EC2/2018/SEIAA dated 16.11.2020 (A copy
of the order was submitted along with the HYCR
for the period October 2020 to March 2021). The
Modified Approved Mining Plan is enclosed as
Annexure 2.

The proponent shall file an
affidavit that he will expend Rs.
15 lakhs as a part of CER in
consultation with Local Self
Government.

Complied

AVPPL have submitted to SEIAA an affidavit
dated 08.11.2019 duly signed by the MD and CEO
vide letter AVPPL/SEIAA/2019-20/945 dated
15.11.2019 that Rs. 15 Lakhs will be spent as a
part of Corporate Environment Responsibility
(CER) in consultation with the Local Self
Government. A copy of the affidavit was
submitted along with the HYCR for the period
October 2019 to March 2020.

The proponent should follow
the closure plans (progressive
closure and final closure) as per
KMMC Rules.

Will be Complied

AVPPL will follow the closure plans (progressive
closure and final closures) as per Kerala Minor
Minerals Concession (KMMC) Rules and Mine
Closure Plan in the Modified Approved Mining
Plan (Enclosed as Annexure 2).

The closure procedure (progressive closure and
final closures) shall be documented prior to and
during the closure of the mine.

General Conditions

A separate environmental
management and monitoring
cell with qualified personnel
should be set-up under the
control of a Senior Executive,
who will report directly to the
Head of the Organization.

Complied

A separate Environmental Management and
Monitoring Cell (EMMC) with qualified personnel
has been set up by AVPPL. The cell is under the
control of the Head of Department (HoD),
Environment who reports directly to the Chief
Executive Officer (CEO), AVPPL. The details of
the constitution of EMMC was submitted along
with HYCR for the period April 2019 to
September 2019.

Suitable avenue trees should be
planted along either side of the

Being Complied

There is already existing plantation along the tar
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No Conditions Compliance Status as on September 30, 2021
tarred road and open parking | road. AVPPL have planted avenue trees at
areas, if any, including of |suitable locations like buffer zone, etc. for
approach road and internal | greenbelt development.
roads.
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Avenue Plantation
3 | Sprinklers shall be installed and | Being Complied

used in the project site to
contain dust emissions.

Regular water sprinkling through water tankers is
being carried out on haul roads and other dust
prone areas such as loading and unloading of

minerals.
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Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No. Conditions Compliance Status as on September 30, 2021
S
Water Sprinkling through Tankers
4 | Eco-restoration including the | Will be Complied
mine closure plan shall be done | Eco-restoration including Mine Closure Plan is
at the own cost of the project | provided in the Modified Approved Mining Plan
proponent (Enclosed as Annexure 2). The same shall be
implemented during the closure at the cost of
AVPPL.
5 | In view of the deep pits left | Not Applicable
after the excavation, stacking | Stacking of materials is not being carried out as
at maximum top level should be | all the produced materials are wused for
carried out. Breakwater Construction at Vizhinjam Port and
being transported directly to the Port site and not
stacked at the quarry site.
As per the mine closure plan the pit will be
utilized for storing of water as a rainwater
harvesting method and will also be induced to
sustain the groundwater table. As per the post
mining land use, an area of 0.9540 Ha will be
used for water pond for storage of water.
6 | Corporate Environment | Being Complied

Responsibility agreed upon by
the proponent should be
implemented.

AVPPL is coordinating with the Local Self
Government regarding approval of the proposed
CER plan with expense heads under specific
activities in line with MoEFECC Office
Memorandum (OM) F.No.22-65/2017-1A.IIl dated
01.05.2018.

AVPPL had prepared a budget plan and have

submitted the same to the Nagaroor Gram
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

Panchayat seeking their confirmation and go
ahead for the proposed CER (Proposed plan was
submitted along with HYCR for the period
October 2019 to March 2020). Correspondence
to the President of the Nagaroor Gram Panchayat
was submitted along with HYCR for the period
April 2019 to September 2019.

Considering the requirements of the community
and on discussions with the local panchayat,
AVPPL has implemented CER activities in the
surrounding areas of the quarry site. During the
compliance period, following activities have been
taken up as a part of CER:

AVPPL is supplying drinking water to the local
people in the vicinity of the project site. Work was
awarded to a local contractor to supply water
through tankers.

Considering the impact of the COVID-19
pandemic, as a part of CER, AVPPL provided
medical support for COVID First Line Treatment
Center in Nagaroor Panchayath in terms of Beds
(50 Nos.) and Antigen Kits (1000 Nos) on
20.05.2021.

Govt. Upper Primary School (UPS) Vanchiyoor is
the only school in Karavaram Grama Panchayath
with about 350 students studying. Many of whom
are economically backward and they are using
public buses for transportation. The school
Parents Teachers Association (PTA) decided to
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(AVPPL) To: September 2021

“
a da n l Adani Vizhinjam Port Private Limited | From: April 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

buy a bus and to collect contributions from the
local people. As a part of CER, AVPPL contributed
an amount of Rs. 1 Lakh towards acquiring a
school bus for the children of Govt. UPS,
Vanchiyoor on 16.06.2021.

Lo MR

Handing over of Rs. 1 Lakh DD to Govt. UPS,
Vanchiyoor PTA Members

School Bus

Much like the previous vyear, AVPPL had
distributed Onam Gift Kit as a part of CER
initiative to BPL families surrounding Kadavilla
project area in Nagaroor panchayat. The Onam

Gift Kit (which included various groceries and
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No Conditions Compliance Status as on September 30, 2021
provisions) were sourced from VIZ Mart (an
initiative supported by Adani foundation) and the
same were distributed on 19.08.2021.

B 404 e v
Distribution of Onam Kits
7 | The project proponent shall | Being Complied
comply the conditions | AVPPL is complying with all applicable conditions
stipulated by the statutory | stipulated by respective competent statutory
authorities concerned. authorities.
8 | Tarring /multiple options on the | Complied

access roads shall be
undertaken so as to reduce dust
pollution during movement of
vehicle,

AVPPL has developed a tar road of around 0.9 km
from the quarry project site gate to Kadavilla
Junction (which is connected to SH46 and onto
NH66) for movement of vehicles; thereby
reducing the dust pollution.

4 ' o
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No. Conditions Compliance Status as on September 30, 2021
9 | Overburden materials should be | Being Complied
managed within the site and | As such, the quarry had been mined earlier by
used for reclamation of mine pit | another party and since this is already an open
as per mine closure plan /| mine, there was no top soil or overburden
specific conditions available in the quarry; all the produced materials
are being used for Breakwater Construction at
Vizhinjam Port.
However, due to certain geological disturbances
in the formation, some overburden has been
found in between the rock formation after
attaining 6 m on the western slope between p3
and p4 pillars. AVPPL have identified area of land
in the lower portions of the quarry for storing the
overburden materials along with gabion wall
protection. The overburden will be managed
within the site as per mine closure plan.
10 | Height of benches should not | Being Complied
exceed 5 m, and width should | As per the Modified Approved Mining Plan
not be less than 5 m, if there is | (Enclosed as Annexure 2), bench height and
no mention in the mining | width need to be maintained at maximum of 6.0
plan/specific condition. m also a 45° pit slope will be maintained; same is
being adhered to.
11 | Ground level should be fixed in | Being Complied
individual cases separately For every bench, ground level is fixed in MSL as
individual cases separately. Surface plan with
MSL levels is provided in the Modified Approved
Mining Plan (Enclosed as Annexure 2).
12 | No mining operations should be | Being Complied
carried out at places having a | No mining operations are being carried out at
slope greater than 45. places having a slope greater than a 45 degrees
angle.
13 | Acoustic enclosures should | Not Applicable

have been provided to reduce
sound amplifications in addition
to the provisions of green belt
and hollow brick envelop for
crushers so that the noise level
is kept within prescribed
standards given by
CPCB/KSPCB. This condition is
applicable only in such cases if
a crusher is adjacent to the
quarry

There is no crusher adjacent to the quarry and
the same is not proposed.
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No Conditions Compliance Status as on September 30, 2021
14 | The workers on the site should | Being Complied

be provided with the required | All employees are provided with relevant Personal

protective equipment such as | Protective Equipment (PPEs) like Helmets, Shoes,

ear muffs, helmet, etc. Fluorescent Reflective Jackets, etc.

- ol 1 S |
Employees with PPEs

15 | Garland drains with clarifiers to | Being Complied

be provided in the lower slopes
around the core area to
channelize storm water.

Mining operations are being carried out in the top
level during the compliance period. However,
garland drainage/garland canals have been
developed in the lower slopes to channelize
storm water.

A siltation pond of appropriate size is being
planned to be created by constructing a check
dam (up to 10m X 1.5m size) at the bottom of the
quarry area to prevent run-off of water and flow
of sediments. The water so collected will be
utilized for watering the mine area, roads,
greenbelt development, etc.
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

Garland Drain

16

The transportation of minerals
should be done in covered
trucks to contain dust
emissions. The proponent
should plant trees at least 5
‘times of: the loss: that has
been occurred while clearing
the land for the project. SEAC
should assess the number of
trees in each project site before
the issuance of EC so as to
ensure the promptness in,
planting.

Being Complied
The transportation of minerals in trucks is being
undertaken covered with tarpaulin cover.

Truck with Tarpaulin Cover

Since this is an existing quarry which was already
mined earlier, the quarry is in opened condition.
There was no clearing of land for the project and
no trees have been cut as there are no trees
inside the lease area.

17

Explosives should be stored in
magazines in isolated place
specified and approved by
Explosives Department

Being Complied

AVPPL constructed 500 Kgs portable explosives
magazine at an area called Chappath; which is 65
km away from the quarry location. AVPPL are
transporting the explosives and detonators from
Chappath to Kadavilla quarry through two
authorized explosives vans for which following
licenses were obtained from PESO:

e Explosives magazine license
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

E/SE/KL/22/331(E121778) dated 13.09.2021

e Explosives van-1 (KLO1CP2414) license
E/SE/KL/25/99(E135886) dated 22.09.2021

e Explosives van-2 (KLO1CP2472) license
E/SE/KL/25/99(E135883) dated 22.09.2021

Copies of the above mentioned licenses are
enclosed as Annexure 3. Operations at Explosives
Storage at Chappath will begin from October
2021.

18

A minimum buffer distance of
100m from the boundary of the
quarry to the nearest dwelling
unit or other structures, not
being any facility for mining
shall be provided.

Complied

As per the Government of Kerala (GoK) State
Gazette Notification G.0. (P) No. 25/2017/ID
dated 22.06.2017, permit holder shall not carry on
or allow to be carried on any quarrying operations
at or to any points within a distance of 50 m from
any residential buildings or from the nearest
dwelling unit or other structures.

Also, as per the Consent to Operate (CTO)
obtained from KSPCB, quarrying activities are
restricted to a distance more than 50 m from the
nearby residential buildings.

Further, DMG had communicated to SEIAA vide
its letter No. 9363/M3/2018 dated 23.03.2019 (A
copy of the letter was submitted along with the
HYCR for the period October 2019 to March
2020) that as per Rule 40 1(i) of the KMMC Rules,
the lessee is permitted to carry out mining at a
distance of 50 m from the residential houses.

As per the map prepared by the village officer,
the nearest house is ~60 m from the boundary of
the quarry.

19

50 m buffer distance should be
maintained from forest
boundaries.

Not Applicable
There are no forests in the vicinity of the project
site.

20

Consent from Kerala State
Pollution Control Board under
Water and Air Act(s) should be
obtained before initiating
mining activity.

Complied

CTO has been obtained from Kerala State
Pollution Control Board (KSPCB) vide Consent No.
PCB/TVM-DO/ICO/QRY/103/2019 dated
05.03.2019 valid up to 27.02.2021. A copy of the
same was submitted along with HYCR for the
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(AVPPL) To: September 2021

%
a d a n l Adani Vizhinjam Port Private Limited | From: April 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

period April 2019 to September 2019.

Further, The CTO was renewed vide Consent No.
PCB/TVM-DO/CHZ/ICO(R)/QRY/128/2020  dated
18.12.2020 valid up to 28.02.2024. Copy of the
renewed CTO is was submitted along with HYCR
for the period October 2020 to March 2021.

21 | All other statutory clearances
should be obtained, as
applicable, by project
proponents from the respective
competent authorities including
that for blasting and storage of
explosives.

Complied

AVPPL have obtained all applicable statutory

clearances from the respective competent

authorities. The following clearances have been
obtained:

e No Objection Certificate (NoC) from
Trivandrum District Collector vide Letter No.
B7-40269/2017 dated 30.04.2018 for Govt.
land.

e Letter of Intent from DMG vide Letter No.
9363/M3/2018 dated 04.09.2018

e CTO has been obtained from KSPCB vide
Consent No. PCB/TVM-DO/ICO/QRY/103/2019
dated 05.03.2019 valid up to 27.02.2021.
Further, The CTO was renewed vide Consent
No. PCB/TVM-DO/CHZ/ICO(R)/QRY/128/2020
dated 18.12.2020 valid up to 28.02.2024.

e Purchase and Use of Explosives Approval from
Petroleum & Explosives Safety Organization
(PESO), Ernakulam vide Letter No. E/Misc/Expl
dated 27.03.2019

e Dangerous and Offensive Trade (D&O) License
from Nagaroor Gram Panchayat vide License
Number A2.1836\2019 dated 01.04.2019

e NoC for Use of Explosives from District
Collector, Thiruvananthapuram vide File
No.DCTVM/2436/2019-A17 dated 09.05.2019

e Approved Mining Plan by District Geologist,
Trivandrum vide Letter No. 1716/DOT/ML/18
dated 20.05.2019

o Lease Order from DMG vide Letter No.
9363/M3/2018 dated 20.05.2019

e Lease Execution from Additional Director of
Mining and Geology vide Letter No. 79/2019-
20/9363/M3/2018/DMG dated 20.05.2019

e Quarrying Lease Registration Agreement in

Form H at Chirayinkeezhu Register Office
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No. Conditions Compliance Status as on September 30, 2021
dated 22.05.2019
e Explosives magazine license
E/SE/KL/22/331(E121778) dated 13.09.2021
(enclosed as Annexure 3).
e Explosives van-1 (KLO1CP2414) license
E/SE/KL/25/99(E135886) dated 22.09.2021
(enclosed as Annexure 3).
e Explosives van-2 (KLO1CP2472) license
E/SE/KL/25/99(E135883) dated 22.09.2021
(enclosed as Annexure 3).
e The Modified Approved Mining Plan s
enclosed as Annexure 2.
Copies of the above mentioned approvals were
submitted along with HYCR for the period April
2019 to September 2019. Copy of the renewed
CTO was submitted along with HYCR for the
period October 2020 to March 2021.
22 | In the case of any change(s) in | Complied

the scope of the project, extent

quantity, process of mining
technology involved or in any
way affecting the
environmental

parameters/impacts as

assessed, based on which only
the E.C is issued, the project
would require a fresh appraisal
by this Authority, for which the
proponent shall apply and get
the approval of this Authority

AVPPL had submitted to SEIAA, Kerala the
requirement of additional quantity of rocks for
completion of Vizhinjam Port breakwater
construction by 2023; indicating that the
estimated quantity of rock required for the phase
1 project as 86.53 Lakh Tons and the total
amount of rock that can be sourced from the
operational quarries for which have obtained EC
up to 2023 is only 25.17 Lakh Tons which is much
below the total requirement for the project.
Therefore, there is an additional requirement for
completing the phase 1 of the Vizhinjam project.

During the compliance period (April 2021 to
September 2021), a total of 2.725 Lakh Tons of
building stones have been extracted and a total
cumulative quantity of 9.006 Lakh Tons of

building stones have been extracted from
inception of mining on 02.07.2019 till
30.09.2021.

In view of the additional requirement of building
stone for completion of phase 1 of the Vizhinjam
project, SEIAA decided to issue EC for the

extraction of a further 10.79 Lakh Tons granite
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adani

Adani Vizhinjam Port Private Limited

From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

rock for the period from 2021-22 to 2023-24
subject original EC conditions vide their order No.
1200/EC2/2018/SEIAA dated 16.11.2020 (A copy
of the order was submitted along with the HYCR
for the period October 2020 to March 2021). The
Modified Approved Mining Plan is enclosed as
Annexure 2.

23

The Authority reserves the right
to add additional safeguard
measures subsequently, if found

necessary, and to take action
including revoking of the
environment clearance under
the provisions of the
Environment (Protection) Act,
1986, to ensure effective
implementation of the

suggested safeguard measures
in a time bound and satisfactory
manner.

Being Complied

Based on the SEIAA order No.
1200/EC2/2018/SEIAA dated 16.11.2020 (A copy
of the order was submitted along with the HYCR
for the period October 2020 to March 2021), as
an additional precautionary safeguard measure,
Authority decided to constitute a monitoring
team consisting of an Expert member from SEAC
(Team leader) nominated by Chairman SEAC,
District Geologist and a responsible senior
functionary nominated by AVPPL to monitor the
functioning of the quarry.

SEIAA, vide their order No. 1200/EC2/2018/SEIAA
dated 31.03.2021 (A copy of the order was
submitted along with the HYCR for the period
October 2020 to March 2021), constituted the
monitoring team comprising of:

1. Shri. K. Krishna Panicker, Expert Member,

SEAC (Team Leader)
2. District Geologist, Thiruvananthapuram
3. Mr. Palanivelu Kumar, AVPPL

The team will inspect the quarry at least once 3
months and prepare an inspection report. Team
will also suggest corrective measures for
irregularities if any. The project proponent will
provide logistic support for field inspection.

Thereafter, in line with SEIAA letter No.
1200/EC2/2018/SEIAA dated 31.08.2021
(Enclosed as Annexure 4), the inspection of the
monitoring team under the leadership of Shri. K.
Krishna Panicker was conducted on 02.09.2021.
as per Minutes of Meeting of 112" SEIAA held on
14, 15t & 16t September 2021 (Enclosed as
Annexure 5), the Authority noted the
observations and recommendation Monitoring
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From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No. Conditions Compliance Status as on September 30, 2021
committee on the functioning of the quarry and
decided the following:

1. To forward the observations and
recommendation of monitoring committee to
the Project Proponent with a direction to
attend all the observations within 4 months
otherwise EC given will be cancelled and
action will be taken for violation EC
conditions.

2.  Monitoring committee led by SEAC member
shall conduct a field inspection after 4
months to verify the compliance status and
report to SEIAA for appropriate action.

3. Inform the decision of SEIAA to project
Proponent and SEAC for necessary follow up
action.

Awaiting the observations and recommendations

of the monitoring committee.

24 | The stipulations by Statutory | Noted

Authorities under different Acts
and Notifications should be
complied with, including the
provisions of Water (Prevention
and Control of Pollution) Act,
1974, the Air (Prevention and
control of Pollution) act 1981,
the Environment (Protection)
Act, 1986, the Public Liability
(Insurance) Act, 1991 and EIA
Notification, 2006.
25 | The project proponent should | Complied

advertise in at least two local
newspapers widely circulated in
the region, one of which (both
the advertisement and the
newspaper) shall be in the
vernacular language informing

that the project has been
accorded Environmental
Clearance and copies of

clearance letters are available
with the State Environment
Impact Assessment Authority
(SEIAA) office and may also be
seen on the website of the

EC for the project was issued on 01.03.2019.
Advertisements, that the project has been
accorded EC were published within Ten days in
two widely circulated local newspapers: The
Hindu (English) on 09.03.2019 and Mathrubhumi
(Malayalam -  vernacular language) on
10.03.2019. Also, copy of the EC is available with
the SEIAA office and it is also available on the
website of the Authority at www.seiaakerala.in.
Screenshot of the website showing the details of
the EC was submitted along with HYCR for the
period October 2019 to March 2020.

Extracts of these newspaper clippings with the
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From: April 2021

(AVPPL) To: September 2021

Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
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Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

No. Conditions Compliance Status as on September 30, 2021
Authority at | advertisements were submitted along with HYCR
www.seiaakerala.org. The | for the period April 2019 to September 2019.
advertisement should be made
within 10 days from the date of | Copy of the advertisements signed on all pages
receipt of the Clearance letter | were submitted to SEIAA vide Letter No.
and a copy of the same signed | AVPPL/SEIAA/2019-20/731 dated 01.04.2019 was
in all pages should be |submitted along with HYCR for the period April
forwarded to the office of this | 2019 to September 2019.

Authority as confirmation.
The copy of EC is uploaded to the company
website: https://www.adaniports.com/ports-
downloads?port=Vizhinjam-Port
Screenshot of the same was submitted along
with HYCR for the period April 2019 to
September 2019.

26 | The Environmental Clearance | Complied
shall be put on the website of | The copy of EC is uploaded to the company
the company by the proponent. | website: https://www.adaniports.com/ports-

downloads?port=Vizhinjam-Port. Screenshot of
the same was submitted along with HYCR for the
period April 2019 to September 2019.

27 | Proponent shall submit half | Being Complied
yearly reports in soft copy and | HYCRs on the status of compliance of the
SEIAA will upload it on the | stipulated clearance conditions are being
website. submitted to all the concerned agencies. As per

the Notification of Ministry of Environment and
Forests & Climate Change (MoEF&CC) dated
26.11.2018, wherein submission of HYCRs by
email/soft copy is declared acceptable, soft copy
of HYCR for the period October 2020 to March
2021 has been submitted vide email dated
24.05.2021 (a copy of the email is enclosed as
Annexure 6).
28 | The details of Environmental | Complied

Clearance should be
prominently displayed in a
metallic board of 3 ft x 3 ft with
green background and yellow
letters of Times New Roman
font of size of not less than 40.
Sign board with extent of lease
area and boundaries shall be
depicted at the entrance of the
quarry, visible to the public

The details of EC have been displayed at the site
next to the entrance of the quarry, visible to the
public.
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Building Stone Quarry Project in Survey No. 555/2 at Nagaroor Village, Chirayinkeezhu
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Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019
pril 2021 to September 2021

for the Period A

Conditions

Compliance Status as on September 30, 2021

.

EC etails Displayed on Board at Site

SN I b

29

The proponent should provide
notarized affidavit (indicating
the number and date of
Environmental Clearance
proceedings) that all the
conditions stipulated in the EC
shall be scrupulously followed.

Complied

AVPPL have submitted Notarized Affidavit dated
03.04.2019 to SEIAA stating that all the

conditions stipulated

in the EC shall be

scrupulously followed. Copy of the affidavit and
the cover letter vide No. AVPPL/SEIAA/2019-
20/731 dated 01.04.2019 have been submitted
along with HYCR for the period April 2019 to

September 2019.

30

No change in mining
technology and scope of
working should be made
without prior approval of the
SEIAA, No further expansion or
modifications in the mine shall
be carried out without prior
approval of the SEIAA, as
applicable

Noted for Compliance

31

The Project proponent shall
ensure that no natural water
course and/or water resources
shall be obstructed due to any
mining operations. Necessary

Not Applicable

There are no natural water courses and/or water
resources of first order streams in and around the

mine lease area.
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(AVPPL) To: September 2021
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for the Period A

pril 2021 to September 2021

Nsc.;. Conditions Compliance Status as on September 30, 2021
safeguard measures to protect
the first order streams, if any,
originating from the mine lease
shall be taken.

32 | The top soil, if any, shall | Being Complied
temporarily be stored at| As such, the quarry had been mined earlier by
earmarked site(s) only for the | another party and since this is already an open
topsoil shall be used for land | mine, there was no top soil or overburden
reclamation and plantation. The | available in the quarry; all the produced materials
over burden (OB) generated | are all being used for Breakwater Construction at
during the mining operations | Vizhinjam Port.
shall be stacked at earmarked
dump site(s) only. The maximum | However, due to certain geological disturbances
height of the dumps shall not | in the formation, some overburden has been
exceed 8m and width 20m and | found in between the rock formation after
overall slope of the dumps shall | attaining 6 m on the western slope between p3
be maintained to. The OB | and p4 pillars. AVPPL have identified area of land
dumps should be scientifically | in the lower portions of the quarry for storing the
vegetated with suitable native | overburden materials along with gabion wall
species to prevent erosion and | protection. The overburden will be managed
surface run off. In critical areas, | within the site as per mine closure plan.
use of geo textiles shall be
undertaken for stabilization of | It will be ensured that the maximum height of the
the dump. The entire excavated | dumps shall not exceed dimensions specified and
area  shall be  backfilled. | overall slope of the dumps shall be maintained to
Monitoring and management of | 37.5 degrees. The overburden dumps will be
rehabilitated areas should | vegetated with suitable native species and
continue until the vegetation | monitoring and management of the area shall be
becomes self-sustaining. done until the vegetation becomes self-

sustaining.
33 | Catch drains and siltation ponds | Will be Complied

of appropriate size shall be
constructed around the mine
working, mineral and OB dumps
to prevent run off of water and
flow of sediments directly into
the river and other water
bodies: 'The water so-collected
should be utilized for watering
the mine area, roads, green belt
development. etc. The drains
shall be regularly desilted
particularly after monsoon and
maintained properly.

The quarry has been mined earlier by other
parties and is an already open mine and hence
there is no top soil or overburden available in the
quarry. Also, there are no mineral dumps since all
the produced materials are used for Breakwater
Construction at Vizhinjam Port. Therefore, catch
drains for prevention of run-off is not required at
the project site.

However, siltation pond of appropriate size will be
created by constructing a check dam (up to 10m
X 1.5m size) at the bottom of the quarry area to
prevent run-off of water and flow of sediments.
The water so collected will be utilized for
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for the Period A

pril 2021 to September 2021

No. Conditions Compliance Status as on September 30, 2021
watering the mine area, roads, greenbelt
development, etc.

The drains will be regularly desilted particularly
after monsoon and maintained properly.

34 | Effective safeguard measures | Being Complied

such as- regular water | Regular water sprinkling through water tankers
sprinkling shall be carried out in | on haul road and other dust prone areas such as
critical areas prone to air|loading and unloading of minerals is being carried
pollution and having’ high | out.
levels. ‘of PM 10, and PM 2.5,
such as haul Road, loading and | Environment Monitoring at the site has been
unloading points and transfer | carried out by NABL accredited laboratory; M/s.
points— it shall ‘be ensured that | Standards Environmental & Analytical
the Ambient Air  Quality | Laboratories. Summary of the Ambient Air Quality
parameters conform to the | Monitoring (AAQM) during the compliance period
norms prescribed by the Central | at 5 monitoring locations is mentioned below.
Pollution Control Board in this
regard Parameter Unit Max Min P?"P'
Limit
PMio pg/m? 495 | 40.9 100
PM: 5 pg/m? 22.8 19.4 60
S0, pg/m? BDL - 80
NO, pg/m? BDL - 80
The Ambient Air Quality Monitoring Report is
enclosed as Annexure 7. All the monitored
parameters were found within the prescribed
limits.

35 | Fugitive dust emissions from all | Being Complied

the sources should be | AVPPL have developed a tar road of around 0.9

controlled  regularly.  Water | km from Kadavilla Junction to the quarry project

spraying arrangement on haul | site gate for movement of vehicles; thereby

roads, loading and unloading | reducing the dust pollution.

and at transfer points should be

provided and properly | Also, regular water sprinkling through water

maintained tankers on haul road and other dust prone areas
such as loading and unloading of minerals is
being carried out.

36 | Measures should be taken for | Being Complied

control of noise levels below 85
dBA in the work environment.

The following measures are being taken for the

control of noise levels:

e Drilling: The good captive silencers are being
used in drilling equipment.

e Blasting: AVPPL is using NONEL method -
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Clearance (EC) Order No. 1200/EC2/2018/SEIAA dated 01.03.2019

for the Period A

pril 2021 to September 2021

Conditions

Compliance Status as on September 30, 2021

bottom initiation to reduce the noise of
blasting.

e Machineries & Tippers: It is ensured that
equipment'’s are fitted with effective silencers,
mufflers, acoustic linings, or shields, as
necessary.

e |t is ensured that vehicles transporting the
materials follow the speed limit in order to
maintain the noise level.

e Vehicles are serviced regularly and maintained
properly to avoid any unwanted generation of

noise or vibration from them

Ambient Noise is being monitored by NABL and
MoEF&CC accredited laboratory; M/s.
Metamorphosis laboratory Private Limited as per
Noise Pollution (Regulation & Control) Rules,
2000 (Rules 3 (1) and 4(1)) at 5 locations.
Summary of the Ambient Noise Monitoring during
the compliance period at 5 monitoring locations
is mentioned below:

Leq
Day time
45,2

44.0

Leq Night
time
34.8

34,5

Location

Quarry Area (Project Site)
Near Operators Rest Room
(North Side)

Vanchiyoor UP School (West
Side)

St. Joseph of Cluny Public
School (South Side)
Viswanadhapuram Shiva
Temple (East Side)

433 35.5

43.6 349

42.3 341

The results obtained were compared with Noise
Pollution (Regulation & Control) Rule, 2000 (Rule
3(1) and 4(1)) and it is observed that the noise
readings were within limits at all monitoring
locations. The Noise Monitoring report is
enclosed as Annexure 8.

37

earmarked for
environmental protection
measures and CER activate
should be kept in separate
account and should not be
diverted for other purpose. Year

The funds

Being Complied

AVPPL has entered into a Concession Agreement
with GoK for the construction and operation of
Vizhinjam Port whereby it is mandated under
Article 32 (copy submitted along with HYCR for

the period April 2019 to September 2019) that an
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No. Conditions Compliance Status as on September 30, 2021
wise expenditure should be | Escrow Account has to be opened by AVPPL. All
reported to the State | deposits have to be made into this account and
Environment Impact | all payments have to be routed through this
Assessment Authority (SEIAA) | account for the construction of the port. This
office. account is directly under the monitoring of both

the Central and State governments through the
Senior Lenders.

Therefore, it is requested that the provision of
opening of separate account be absolved as there
will be a direct contradiction to the Concession
Agreement. As the owner of the quarry, AVPPL
guarantees that the amount of Rs. 15.00 Lakhs
earmarked for CER and funds earmarked for
environmental protection measures will be kept
as a balance in the current Escrow Account.
Furthermore, as provided above the account will
be monitored by the government.

Expenditure for CER and environmental
protection measures during the compliance
period (April 2021 to September 2021) is enclosed
as Annexure 9.

38 | The Regional Office of MOEF & | Will be Complied
CC located at Bangalore shall | All necessary support will be extended to the
monitor compliance of the | Regional Office of MoEF&CC Ilocated at
stipulated conditions. The | Bangalore for the monitoring of the compliance
project authorities should | of the stipulated conditions Office by furnishing
extend full cooperation to the | the requisite data/information/monitoring
officer (S) of the Regional | reports.

Office by furnishing the
requisite
data/information/monitoring
reports.

39 | Any appeal against this | Noted
Environmental Clearance shall
lie with the National Green
Tribunal, if preferred, within a
period of 30 days as prescribed
under Section 16 of the
National Green Tribunal Act,

2010.
40 | Concealing the factual data or | Noted

submission of false/fabricated
data and failure to comply with
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any of the conditions
mentioned above may result in
withdrawal of this clearance
and attract action under the
provisions of Environment
(Protection) Act, 1986.

41

The SEIAA may revoke or
suspend the order, for non-
implementation of any of the
specific or this implementation
of any of the above conditions
is not satisfactory. The SEIAA

reserves the right to
alter/modify the above
conditions or stipulate any

further condition in the interest
of environment protection

Being Complied

Based on the SEIAA order No.
1200/EC2/2018/SEIAA dated 16.11.2020 (A copy
of the order was submitted along with the HYCR
for the period October 2020 to March 2021), as
an additional precautionary safeguard measure,
Authority decided to constitute a monitoring
team consisting of an Expert member from SEAC
(Team leader) nominated by Chairman SEAC,
District Geologist and a responsible senior
functionary nominated by AVPPL to monitor the
functioning of the quarry.

SEIAA, vide their order No. 1200/EC2/2018/SEIAA
dated 31.03.2021 (A copy of the order was
submitted along with the HYCR for the period
October 2020 to March 2021), constituted the
monitoring team comprising of:

1. Shri. K. Krishna Panicker, Expert Member,

SEAC (Team Leader)
2. District Geologist, Thiruvananthapuram
3. Mr. Palanivelu Kumar, AVPPL

The team will inspect the quarry at least once 3
months and prepare an inspection report. Team
will also suggest corrective measures for
irregularities if any. The project proponent will
provide logistic support for field inspection.

Thereafter, in line with SEIAA letter No.
1200/EC2/2018/SEIAA dated 31.08.2021
(Enclosed as Annexure 4), the inspection of the
monitoring team under the leadership of Shri. K.
Krishna Panicker was conducted on 02.09.2021.
as per Minutes of Meeting of 112" SEIAA held on
14, 15t & 16t September 2021 (Enclosed as
Annexure 5), the Authority noted the
observations and recommendation Monitoring
committee on the functioning of the quarry and
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decided the following:

1. To forward the observations and
recommendation of monitoring committee to
the Project Proponent with a direction to
attend all the observations within 4 months
otherwise EC given will be cancelled and
action will be taken for violation EC
conditions.

2. Monitoring committee led by SEAC member
shall conduct a field inspection after 4
months to verify the compliance status and
report to SEIAA for appropriate action.

3. Inform the decision of SEIAA to project
Proponent and SEAC for necessary follow up
action.

Awaiting the observations and recommendations

of the monitoring committee.

42 | The above conditions shall | Noted
prevail notwithstanding
anything to the contrary, in
consistent, or simplified,
contained in any other permit,
license on consent given by any
other authority for the same
project.

43 | The Environmental Clearance | Noted
will be subject to the final order
of the courts in any pending
litigation related to the land or
project, in any court of law.

44 | The mining operation shall be | Complied

restricted to above ground
water table and it should not
intersect ground water table

Based on observations made in and around the
quarry area, it was found that the general ground
level in the area is 32 m above MSL and the
general groundwater table is 8 m below the
general ground level i.e. 24 m above MSL. During
monsoons the ground water table will rise by 2-3
m. The lease area is situated on an isolated
hillock where the top most working level is about
106 m above MSL and the lowest working level is
70 m above MSL. The total depth will be 36 m.
Therefore, mining operations will be restricted to
workings at a higher level at the quarry and will
not touch the ground water table.
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45 | All vehicles used for | Complied
transportation and within the | It is ensured that all vehicles used for
mines shall have ‘PUC’ | transportation are having valid Pollution Under
certificate from authorized | Control (PuC) certificate from authorized center.
pollution taking centre.
Washing of all vehicles shall be
inside the lease area ahies (iyan S Saiban !
e g e 38
WA g TR ?4 =
_ s
- ™ - . rEE———————
L . _-—
m
i
PuC Certificate
46 | Project proponent should | Not Applicable
obtain necessary prior | AVPPL are not withdrawing the surface water or
permission of the competent | ground water from the project area for any
authorities  for  drawl of | purposes.
requisite quantity of surface
water and ground water for the
project
47 | Regular monitoring of flow | Not Applicable
rates and water quality | There are no springs and perennial nallahs
upstream and downstream of | flowing upstream and downstream of the mine
the springs and perennial | lease area as there are no water courses and/or
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nallahs flowing in and around | water resources of first order streams in and
the mine lease area shall be | around the mine lease area.
carried out and reported in the
six monthly reports to SEIAA

48 | Occupational health | Being Complied
surveillance program of the | The medical health test checkup of the
workers should be under taken | employees, workers and laborers as per Director
periodically to observe any | General of Mines (DGM) prescribed statutory
contractions due to exposure to | format are being taken up periodically by the
dust and take corrective | contractor involved in the mining operations to
measures, if needed observe any contractions due to exposure to dust

and take corrective measures.

Enclosures:

e Details of Annexure
Number

Annexure 1: Blast Induced Ground Vibration Study Report by Anna University, Chennai

Annexure 2: Modified Approved Mining Plan

Annexure 3: Explosives Magazine and Van Licenses

Annexure 4: | SEIAA letter No. 1200/EC2/2018/SEIAA dated 31.08.2021

Annexure 5: Minutes of Meeting of 112" SEIAA

Annexure 6: | Email Submission of HYCR for the period October 2020 to March 2021

Annexure 7: AAQM Report

Annexure 8: | Noise Monitoring Report

Annexure 9: CER and EMP Expenditure Statements
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Scientific Study on
Blast Induced Ground Vibration for Kadavila-1 Stone Quarry,
Nagaroor village, Chirayinkeezh Taluk, Thiruvananthapuram
District, Kerala of M/s. Adani Vizhinjam Port Private Limited

EXECUTIVE SUMMARY

The scientific investigation is aimed at assessing the influence of blasting, principally
the ground vibrations and noise levels in the Kadavila-1 Stone Quarry of M/s. Adani
Vizhinjam Port Private Limited, Nagaroor village, Chirayinkeezh Taluk,
Thiruvananthapuram District, Kerala on the residential and other buildings of the
neighbouring villages.

OBJECTIVES

o Study the existing blasting, its design and its influence on the surroundings

in respect of blast induced ground vibrations.

o Design of trial blasts which will
» restrict blast induced ground vibrations to levels that are tolerable on

the residential and other civil structures not belonging to the quarry
owner.

» restrict generation of fly-rock and their throw to eliminate adverse effect
on the residents and agricultural lands of the Nagaroor (Kadavila)
village.

o Carry out at least 10 controlled trial blasts and monitor blast induced
ground vibrations at least in 25 points and study the distance to which flying
fragments are produced.

o Submit the report including suggesting suitable controlled blasting
technique(s) including maximum explosive charge per delay in the
Kadavila-1 Stone Quarry that will limit the blast induced ground vibrations
to permissible levels and also suggesting suitable methodology for carrying
out regular drilling, controlled blasting operations in the quarry and the
appropriate safety measures to be taken to guard against blast induced
vibrations and fly-rock.
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FIELD INVESTIGATIONS

The Kadavila-1 Stone Quarry is drilling 33 mm diameter holes with Jack hammer
drilling machines and blasting with the cap-sensitive Emulsion explosive cartridges
of 25 mm diameter. The mine management is presently blasting three to five rows of
holes with NONELs having in-hole delay of 250 ms & surface delays of 17/25 ms to
mitigate adverse impacts such as air blast, fly rock and ground vibration. The
instantaneous electrical detonators are being used for initiating the blasting circuit
prepared with NONEL based detonators.

In order to carry out the controlled blasting operations in the Kadavila-1 Stone
Quarry approaching towards surrounding villages, the quarry management intended
to get the matter scientifically investigated for adopting properly designed controlled
blasting techniques to restrict the blast induced ground vibrations to less than the
permissible levels the structures in question can tolerate without damage.

The author of this report have carried out ground vibration monitoring of 10 Nos. of
controlled trial blasts with FIVE numbers of seismographs by locating them at
different locations in the surface and sensitive buildings located nearer to the
Kadavila-1 Stone Quarry at various distances (in the villages as well as inside the
quarry) from the blasting site (a total recordings of 47 and the instruments triggered
only at 36 stations). These trial blasts were carried out during the period from
16.03.2021 to 17.03.2021.

RESULTS AND DISCUSSIONS

Ten trial blasts were carried out 16.03.2021 to 17.03.2021 and blast vibrations were
monitored using five seismographs located at various distances. The minimum and
maximum charge per delay varied from 1.07 to 2.17 kg. A maximum of 80 holes
were drilled with jack hammer drilling equipment with a maximum number of holes
per delay of six. In all the 10 trial blasts, ground vibrations were monitored at 47
locations around the blasting sites and neighbouring village. Out of the total 47
measurements made, vibrations were recorded by the instruments only at 36
stations. The vibrations recorded behind the blast free face were of highest
magnitude. The magnitude of vibration recorded in the flank of direction of initiation
was lower than those on the opposite side of the flank of blast initiation.

All the 10 blasts were carried out using NONEL shock tube detonators with an in-
hole delay of 200 ms and surface delay of 25 ms. Fast attenuation of vibration was
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recorded at shorter distances whereas at far-off distances the attenuation was slow
and was influenced by low frequency blast wave characteristics.

The recorded dominant frequencies of vibrations were in the range of 7.5 to 256 Hz.
The FFT analyses of vibration data revealed that the concentration of vibration
energy was in the range of 29.30 to 170.6 Hz. However, keeping in view the
minimum frequency recorded during the trial blasts, the maximum PPV structures of
any type, can tolerate without damage fall within the frequency range of 8 to 25 Hz.
However, to avoid confusion for the people in the field, the maximum explosive
charge per delay is calculated for this quarry to restrict the peak particle velocity to
5.0 mm/s only (irrespective of the type of structure), which is more conservative and
safer as shown in the Table 2.1. Further it will secure the safety of Domestic houses
& structures/Residential buildings located in the Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District, Kerala whose safety is also very important.

The analyses of vibration data recorded from detonation of blasts with higher amount
of explosives generated higher level of vibrations at near-by-distances in comparison
to the blasts which were detonated at the same bench face with lesser amount of
explosives although the blast design and explosives parameters were kept identical.
The explosives detonated in a delay in both the blasts were similar in weight.

The propagation equation for prediction of blast vibration have been established and
are given as Equations 3. The permissible explosive weight per delay may be
computed from the Equation to contain vibration within safe limits for distances of
houses/structures concerned. For convenience, the permissible explosive weight per
delay has been computed and is given in Table 3.22.

Based on the scientific study, it is concluded that the blast induced ground

vibrations and noise levels generated by the controlled blasting carried out in
Kadavila-1 Stone Quarry was within permissible level and therefore is not
affecting the residential buildings and other structures. Further, it has been
observed that no flying fragments or projectiles travelled beyond 10 m from
the site of blast. Hence, controlled blasting can be carried out at Kadavila-1
Stone Quarry by following the blasting parameters as recommended in the Table

given herewith.

(Dr. P. BALAMADESWARAN)
Consultant
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SUMMARY OF SUGGESTED CONTROLLED BLAST DESIGN FOR
M/S. KADAVILA-1 STONE QUARRY

Parameter

Value

Blast hole diameter

33 mm

Burden

1.2m

Spacing

1.5m

Height of the bench

6.00 m

Stemming length

Minimum 0.70 m

Drilling patterns to be followed

Rectangular / Staggered

Specific charge For creating Initial (Box) Cut

0.16 to 0.17 kg/m?®

For production blasting

0.15t0 0.16 kg/m?®

Loading Density Cap-sensitive Emulsion (or)

Slurry Cartridges

0.26 kg/m

Average explosive
Quantity/hole

Cap-sensitive Emulsion (or)
Slurry Cartridges

0.50 kg

Maximum explosive
charge per drillhole
during production
blasting

Cap-sensitive
Emulsion (or)
Slurry Cartridges

0.625 to 0.688 kg

Detonators recommended

NONEL based detonators of
17/25 ms surface delay with
an in-hole delay of 250 ms

Type of explosive recommended

Emulsion (or) slurry cartridge
type (8=25 mm)

Initiation system recommended

Inverse initiation

Method of connecting detonator

Series

Maximum charge per delay

Department of Mining Engineering, Anna University Chennai
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CHAPTER 1
INTRODUCTION
1.0 GENERAL

In modern mining era, the blasting technique is one of the most adopted
techniques for rock breakage and fragmentation due to its economical and efficient
aspects. However, the use of explosives for the blasting operation is limited by
statutory as it may have a severe impact on the surrounding environment such as
vibration, noise and dust. Especially, a ground vibration induced by blasting has to
be paid much attention in the mining operation as it may give an obvious impact on
the surrounding facilities and buildings.

Many researches established safe level for blasting criteria, the ground
vibration level is characterized by using three parameters; duration, amplitude (peak
particle velocity: PPV) and frequency. Current studies on the blast-induced ground
vibration focus on two parameters amplitude (PPV) and frequency that suggested by
Directorate General of Mines Safety (DGMS) when the concerned subject is
structure. Hence, the control of PPV and dominant frequency are very important in
order to design an appropriate blasting standard and minimize its environmental

impacts.
1.1 BLAST INDUCED GROUND VIBRATIONS - BACKGROUND

Globally, blasting is the principal method of rock breaking in mining and
construction industry because of its distinct advantages like economy, efficiency,
convenience, ability to achieve large production, high productivity and ability to break
the hardest of the rocks.

When an explosive or a blasting agent is initiated, the chemical energy of it is
converted into mechanical energy, which is used for breaking the rock. Even in a
properly designed blast, only a portion of the total energy of the explosive is used for
fragmenting and displacing the rock and the rest utilized in producing undesirable
environmental effects like ground vibrations, fly rock, air overpressure (noise) and
over-break making them an integral part of blasting. These undesirable effects cause

damage to the civil, mining, defence structures and other properties in the vicinity.
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With increasing mining and construction activities in areas close to human
settlements, ground vibration has become a critical environmental issue as it can

cause human annoyance and structural damage.

The adverse environmental effects produced by blasting cannot be totally eliminated,
but effectively controlled by proper design of appropriate controlled blasting
techniques. Further, optimum design of blast, based on scientific investigations
relating to the explosives used, rock properties and other geological aspects, which

are site specific, can also address the issues.

Some of the explosive energy (left over after rock breaking), of blasting, is
transmitted to the surrounding rocks as elastic waves. As these waves travel, they
displace particles in their path causing the particles to oscillate before returning to
their original positions. These oscillations constitute ground vibrations. Special three
dimensional seismographs are used to measure these vibrations in terms of

displacement, velocity, acceleration and frequency.

The ground vibrations generated from the blast are compressive in nature and
spread away from the blasting site in all directions like ripples spreading outwards
when a stone is dropped in still water in a pond or tank. When these waves reach a
free face, they get reflected back and get converted into tensile waves and cause
breaking of rock (as rock is weak in tension). When no free face is available, they
travel to a longer distance and finally get attenuated. These waves, which are not
doing any useful work of breaking the rock, generate ground vibrations and cause
damage to the surface structures like dams, places of worship, structures of
archaeological importance, quarry slopes, residential buildings, etc. and also
underground excavations. The ground vibrations have three mutually perpendicular

components namely radial (R), transverse (T) and vertical (V).

1.2 Factors Influencing Blast Induced Ground Vibrations

From the literature, it can be seen that peak particle velocity (PPV) and the
frequency of the vibrations are the most important parameters over which the
stability of the structures depend. Peak particle velocity is defined as the greatest

velocity with which the ground vibrates during the vibration history and the same is

Department of Mining Engineering, Anna University Chennai Page 2



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroolfi'v'im"‘
Chirayinkeezh Taluk, Thiruvananthapuram District, Kerala of M/s. Adani Vizhinjam Port Private Fimited,

measured in millimetres per second. Frequency is the number of cycles of the to-
and-fro movement of ground particles per second. The units for measurement of
frequency are Hz. The frequency of vibrations depends on the geology of the area,
the rock type, etc.

When the frequency of the vibrations is equal to the natural frequency of the
structures, maximum damage occurs to the structure. The range of natural

frequency of surface civil structures is given in Table 1.0

Table 1.0 Natural frequency of surface civil structures (after Central Mining and
Fuel Research Institute (CMFRI), Council for Scientific and Industrial
Research, Govt. of India Laboratory (Report 1991)

Type of Structure Natural Frequency, Hz

Single storey brick structures 12-14

Double storey brick structures

Concrete Structures

In addition, blast induced ground vibrations are dependent on many more factors like
type of rock and its properties, geological parameters, maximum charge per delay,
strength of the explosive, distance of the structure from the blasting site, time delay
between holes and rows, choking at the toe of the bench, priming sequence,
sequence of blast hole detonation, spacing between holes and burden, angle of drill
holes, stemming depth and type, charge length and diameter, confinement, blast
geometry, total charge, etc. Amongst them, type of rock and its properties, the
charge per delay and the distance of the blasting site from the structures are the
most important ones. To keep the ground vibrations within desired levels, a clear
understanding of the causes or factors, which influence generation, and propagation

of ground vibration is essential.
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1.3 Permissible Limits of Blast Induced Ground Vibrations (PPV)
for Surface Structures

The permissible levels of vibrations of various surface civil structures and other
details specified by Directorate General of Mines Safety (DGMS), Dhanbad and

others are given in Tables 1.2 to 1.8

Table 1.2 Directorate General of Mines Safety (DGMS) suggested peak
particle velocities (PPV) various types of civil structures can
tolerate without damage {DGMS (Tech) (S&T) Circular No.7 of
1997} (Ministry of Labour, Govt. of India)

I Max. Permissible PPV, mm/s |

Type of structure Dominant excitation frequency, Hz

<8 | 825 | >25
Buildings / structures not belonging to the owner
Domestic houses/structures (kutchha brick
5 10 15
& cement)
Industrial buildings (RCC & framed
structures)
Objects of historical importance &
o 2 5 10
sensitive structures
Buildings belonging to the owner with limited span of life
Domestic houses/structures(kutchha brick
10 15
& cement)
Industrial buildings (RCC & framed
structures)

10 20 25

15 25

Findings of some of the researchers in their investigations regarding the damages to

residential structures due to blast induced ground vibrations are given in Table 1.7

Table 1.3  Safe Peak Particle Velocities (PPV) Surface Structures can
withstand Without Damage as per Indian Standards (IS: 6922 —

Maximum permissible PPV, mm/s

Type of strata Where no Where monitoring is done using
monitoring is done suitable instruments

Soils, weathered or 50 70

soft rocks

Hard rocks 70 100

(1) the values suggested above are lower than those which may be
intolerable to human beings.

(2) the suggested values are appropriate for masonry and will be
conservative for concrete of M+ (0. = 15 MPa) quality
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Table 1.4 USA standard (after Siskind, et al, 1980
Peak particle velocity, mm/s

Type of structure Frequency (<40 Hz) Frequency (>40 Hz)

Modern homes, dry wall interior 18.75 50

Older hor_nes, plaster on wood lath 125 50
construction

Table 1.5  Australian standard 2008 (AS 2187.2)

Type of structure Maximum values
Historical building and monuments and | 0.2 mm displacement for frequencies less
building of special value than 15 Hz.

Houses and low rise residential buildings, | 19 mm/s resultant ppv for frequency greater
commercial buildings not included below. than 15 Hz

Commercial buildings and industrial buildings | 0.2 mm maximum displacement
or structural of reinforced concrete or steel | corresponds to 12.5 mm/s ppv at 10 Hz and
construction 6.25 mm/s at 5 Hz

Table 1.6  German standard (after German DIN 4150, 1986)

Peak particle velocity at foundation, mm/s
<10 Hz 10-50 Hz 50-100 Hz
Offices and industrial premises 20 20-40 40-50

Type of structure

Domesth houses and similar 5 5-15 15-20
constructions

Buildings that do not come under the
above because of their sensitivity to 3-8 8-10
vibrations

Table 1.7 Range of Common Residential Criteria and Effects suggested by
other researchers

Type of structure and Damage Reference

Plaster-on-lath construction near surface mines (long Bureau of Mines
term, large scale, low frequencies vibrations) (RI 5807)

Sheetrock constructed near surface mines . Bureau of Mines
(RI 8507)

Residences near surface mines lying within a distance of . OSM regulatory
92 101,524 m limits

Widely accepted limit for residents near construction and . Bureau of Mines
quarry blasting (RI 8507)

Minor damage to average house subjected to quarry Bureau of Mines
blasting vibrations (656)

About 90% probability of minor damage from construction
or quarry blasting. Structural damage to some houses
depending on vibration source and character of the
vibration

For close-in construction blasting, minor damage to nearly
all houses and structural damage to some at low
frequencies, major damage to most houses
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It was opined (based on results of field investigations) by National Institute of Rock
Mechanics (NIRM), Kolar Gold Fields, Karnataka (Ministry of Science and
Technology, Govt. of India) that the maximum tolerable Peak Particle Velocities
(PPV) of various frequencies the buildings of different types can tolerate without
damage suggested by Directorate General of Mines Safety are very conservative

and requires upward revision and suggested higher values as given in Table 1.8.

Table 1.8 National Institute of Rock Mechanics (NIRM) (Ministry of Science
and Technology, Govt. of India) Recommendations regarding the
maximum Peak Particle Velocities (PPV) various civil structures
can tolerate without damage (Anon, 2005)

Maximum permissible PPV,
mm/s
Type of structure Dominant frequency, Hz

<20 | 20-50 | >50
Buildings / structures not belonging to the owner

Domestic houses/structures (kutchha brick & 10 15 o5
cement)
Industrial buildings (RCC & framed
structures)
Objects of historical importance & sensitive

5 7 10
structures

Buildings belonging to the owner with limited span of life

Domestic houses/structures(kutchha brick &

15 25
cement)
Industrial buildings (RCC & framed
structures)

20 25 35

55 35

Amongst the various norms (guidelines) discussed above, the DGMS norms
are the most conservative and hence safest to protect different types of
structures. Therefore, the same are adopted for the present study in deciding
the maximum charge per delay for different distances of the structures from

the blasting site in this report.

1.4 Ground Vibration Predictor Equations

For effective prediction and subsequent control of ground vibrations, rock constants
which are site specific are determined for every site (by trial blasts) where blasting is
to be carried out. These rock constants are used in the predictor equation
(Equation 1) to calculate the maximum explosive charge per delay for a given
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maximum PPV the structure in question can tolerate without damage and the

distance between blasting site and the structure.

The tolerable PPV a structure can withstand (without damage) depends on the
frequency of the vibrations, type of structure, material used for the construction of the
structure and the type of rock (soft or hard) on which it is fixed.

For predicting ground vibrations, when both blasting and measurements are made
on the surface, square root scaled distance formula (Equation 1) is used (as per the
DGMS (Tech.) (S&T) circular No.7 of 1997) as it gives very reliable predictions of
PPV to protect surface structures by limiting the vibrations to the tolerable levels
when maximum charge per delay is restricted.

V==kSD)yF .. (mm/s) .. (1)
where,
\ = Peak particle velocity (PPV), mm/s
SD = Scaled distance, m/\kg
kand = Rock constants, which are site specific.

where, SD is calculated by equation (2)

D
SD = —
W (m~kg) .. (2
where,
D = Distance between the blasting site and the vibration monitoring station, m
W = Maximum explosive charge per delay, kg

A linear regression analysis between PPV (on the y-axis) and scaled distance (on
the x-axis) is to be carried out for the monitored data as per the DGMS guidelines;
the best fit curve on log-log scale is to be drawn to determine the rock constants k
and g for square root scaled distance formula. Linear regression analysis is a
statistical tool to determine the line of best fit through a distribution of points in a
graph.

1.5 Human Perception

Human beings are very sensitive and can detect even very low level of vibrations (as

low as 0.5 mm/s) which can not cause damage to the structures. Vibration levels
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lesser than the ones that cause damage to the structures could cause rattling of
doors or windows. Many a times, the slamming of a door or passing of a loaded lorry
by the side of the house generates more vibration than a quarry blast. However,
residents become alert and inquisitive by noise and rattling of objects in the
immediate surroundings due to blasting in the neighbourhood and start looking for
the damages to the structures like cracks in the walls in their residence. Finding a
crack that existed even before blasting activity commenced in the neighbourhood,

but not noticed, people start worrying attributing the crack to blasting activity.

Dowding (1996) observed that the human sensitivity gets triggered by vibrations and
air blasts and becomes inquisitive and suspicious about them from a blasting activity
in the vicinity reaching the structure and resulting in some form of damage to it. The
tolerance and reactions of humans to vibrations vary from person to person, the
nature of the work he/she is doing, the environment in which they are present at the
time of blast, etc. Blast induced ground vibrations may result in annoyance and

interference with work proficiency.

1.6 SCOPE OF THE WORK

The management of Kadavila-1 Stone Quarry located at Nagaroor Village,
Chirayinkeez Taluk, Thiruvananthapuram District, Kerala of M/s. Adani Vizhinjam
Port Private Limited, Thiruvananthapuram has requested the Department of
Mining Engineering, Anna University, Chennai to carryout scientific investigation into
the influence of ground vibrations due to blasting being carried out in the Kadavila-1
Stone Quarry on the residential buildings and other civil structures of the nearest

village, not belonging to the quarry owner.

Based on this, the field investigation has been carried out from 16.03.2021 to
17.03.2021. During the field investigation, ten number of trial blasts were carried out
at various locations of the mine with varying designs and charging patterns. The
blasts were monitored using five vibration monitoring seismographs which are
capable of recording vibrations in all the three directions along with noise/air
overpressure. Based on the analysis of the above trial blasts, the following report
was prepared and submitted.
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1.7 OBJECTIVES

The objectives of the study are as follows
o Site visit and collection of data.
o Study the existing blasting, its design and its influence on the
surroundings in respect of blast induced ground vibrations
o Design of trial blasts which will
> restrict blast induced ground vibrations to levels that are
tolerable on the residential and other civil structures not
belonging to the quarry owner.

> restrict generation of fly-rock and their throw to eliminate
adverse effect on the residents and agricultural lands of the
Nagaroor (Kadavila) village.

o Carry out at least 10 controlled trial blasts and monitor blast induced
ground vibrations at least in 25 points under the supervision of the
author of this report and their team. Similarly, study the distance to
which flying fragments are produced.

o Develop a scaled distance equation for the site and determine the site
constants which are site specific.

. Fine tune the blast design, if required, which will restrict the blast
induced ground vibrations to the levels tolerable to the said structures,
and control the fly-rock to minimise their effect on the residents, and
people working in the agricultural lands.

o Submit the report including suggesting suitable methodology for
carrying out regular drilling, controlled blasting operations in the quarry
and also appropriate safety measures to be taken to guard against

blast induced vibrations and fly-rock.

1.8 BLAST VIBRATION MONITORING INSTRUMENTATION

Blast induced ground vibrations and air over pressure (noise) are monitored with
three dimensional Seismographs. During the field investigations, the blast induced
ground vibrations were monitored using two numbers of NOMIS and three numbers
of INSTANTEL seismographs.
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1.8.1 NOMIS Mini SuperGraph
NOMIS Mini SuperGraph instrument (shown in Figure 1.0) from NOMIS

seismograph, Inc., Birmingham, Alabama, U.S.A. are used for monitoring ground
vibrations and air overpressure. It is very light, portable and user-friendly instrument
for ease of operation in the field. The instrument has tri-axial transducer to record the
blast induced ground vibrations in all three directions viz. R, T, V and a microphone
to measure and record the air over pressure levels. The instrument can be operated

from mains and rechargeable battery.

The Vibration Monitoring System basically consists of
e Transducers for recording ground vibrations and a microphone for
measuring air overpressure that convert physical motion or pressure to an
electrical current, which is transmitted through a cable followed by an

amplifying system. The vibration events are recorded on to the system.

Microphone

Seismograph Geophone

Figure 1.0 NOMIS Seismograph

The software provided with the instrument works on windows operating system. The
software provides for copying, viewing, analyzing and printing the data. The software
is also capable of performing advanced analysis of waveforms, etc. for effective
analysis of the ground vibrations. The instrument is to be properly fixed (Coupled) to
the ground. Some of the salient features of NOMIS Seismograph are given in
Table 1.9.
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Table 1.9 Salient features of NOMIS Seismograph

Parameter Values
SEISMIC
Range 0-254 mm/s
Accuracy +/- 3%
Frequency 2- 400 Hz (1 Hz optional)
Response

SOUND

Range 92-148 dB

Accuracy +/- 0.1dBL at 30 Hz and 127 Hz
Frequency 2- 400 Hz

Response

WAVEFORM RECORDED DATA
Record Modes Waveform and Manual
Seismic trigger 0.19- 254 mm/s, no trigger, manual Lower
range Levels Optional
Sound trigger range | 92- 148 dB, no trigger (other levels optional)
PHYSICAL SPECIFICATIONS
Weight 1.9 kg
Battery 6 Volt, gel type rechargeable,14 days
duration
Display-LCD 8 lines x 21 characters with backlight
Pc Interface RS-232 & additional 15 pin auxiliary
connector

1.8.2 Instantel DS-077 Minimate & Blastmate

Instruments of Instantel, Canada (Figure 1.1) were also used for monitoring ground
vibrations. The instrument can be operated with power from the rechargeable
battery. It is very light, portable and user-friendly instrument for ease of operation in
the field. The instrument has tri-axial transducer (seismograph) to record the blast
induced ground vibration in all three directions viz. radial (R), transverse (T) &
vertical (V) directions and a microphone to measure the air over pressure levels.
Minimate is a PC compatible computer-based system with inbuilt memory. The
seismograph can measure the PPV up to 127 mm/s, frequency in the range of
2 - 250 Hz and air over pressure in the range of 100 - 142 dB. For effective recording
of the ground vibrations the instrument is properly coupled to the ground either by

spiking or grouting or bolting.
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1.8.3 Transducer Mounting

Monitoring of ground vibration is to be carried out after properly mounting (coupling)
the transducer (Geophone) with the ground to receive and transmit the actual
magnitude of the vibrations at that site. There are five methods of mounting the
transducer on the ground as shown in Figure 1.2. In the first, the transducer is

placed on a horizontal surface without any device to hold it (Figure 1.2 a).

(a) DS-077 Minimate (b) Minimate Blaster
Figure 1.1 INSTANTEL Vibration Monitoring Instruments
===—an
lvr’Pl 0-“'_ Bamdliag
. o .
a) Surface b} Sandbagged
# % 1 ./@ Gompcted 51
: (o
\ Pl:nt:'rjo:‘l':m
c) Spiked d} Buried
2) Bolted

Figure 1.2. Five Common Methods of Transducer Mounting

The second one is also mounted in the same way but a loosely packed sandbag is
placed over it so that all sides of the bag are directly in contact with ground (Figure
3b). In the third, the transducer is spiked into the ground (relatively loose) firmly, with

the three spikes which are screwed to the transducer, by pressing into the ground
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such that the base of the transducer is in direct contact with the ground (Figure 3c).
In the fourth method, it is connected to the ground by completely burying it in soil or
rock by making an excavation slightly bigger in size than that of the transducer and
the soil compacted firmly around and over the transducer (Figure 3d). The same can
be achieved by using ‘Plaster of paris’ also. In the fifth method the transducer is
bolted to the surface (floor or walls of a structure) to facilitate recording all the

vibrations to which the surface is subjected to (Figure 3e).

1.9 CONTROLLED BLASTING

As stated earlier, when an explosive charge is blasted in a shot hole, in addition to
doing the useful work of breaking rock and displacing it, it also produces adverse
environmental effects like ground vibrations, over-break (back break), fly-rock, air-
over pressure (noise) and air pollution with gasses and dust. Some of these adverse
effects cause damage to the structures in the vicinity and can cause injury to the
people. Blasting by eliminating and / or controlling these adverse effects is termed as

controlled blasting.

The blast induced ground vibrations get transmitted away from the blast in
non-discriminating manner resulting in crushing and fracturing of the rock in the
vicinity. This may pose a problem when blasting in the vicinity of the perimeter of a pit
or a trench or civil, mining or defence structure. Hence, for the safety of the
excavation and nearby structures, creation of new fractures and widening of the
existing cracks due to the blasting are to be minimised, by generating less vibrations
or preventing the vibrations from reaching the structure. The techniques to achieve
this include
» Use of low strength explosives (explosives having less velocity of detonation).
» Reduced charge concentration by using less density explosives in small
diameter drillholes.
» Reducing the quantity of explosive blasted at each moment of time by
adopting delay blasting technique.
» Selecting optimum delay interval between two successive shots or groups of
shots.
» Optimising the blast design parameters, viz. spacing, burden, length of the

hole, charge factor, etc.
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» Use of small diameter explosive charges (cartridges) in a large diameter holes
(de-coupled charges).

» Use of air bags in the shot holes.

» Decking of explosives.

» Creating artificial cracks or discontinuity planes between the blasting site and
the structures to be protected to limit the propagation of the radial cracks and

transmission of shock waves.
1.9.1 Controlled Blasting Techniques

As on date, many blasting techniques are available to control the adverse effects of
blasts. However, the selection of suitable technique primarily depends on the
adverse parameter(s) of the blasting to be controlled. Some of the common
techniques are (i) limiting the maximum charge per delay; (ii) line drilling; (iii) pre-
splitting; (iv) cushion or smooth blasting; (v) air decking; (vi) muffling. Out of these,
the first and sixth techniques, i.e. restricting the explosive quantity per delay and
muffling with old tyres would be adopted for designing the controlled blasting
technique in the Kadavila-1 Stone Quarry to protect the residential structures in the

surrounding villages.

1.10 ADVERSE EFFECTS OF BLASTING
1.10.1 Abatement of Ground Vibrations by Controlled Blasting

The control measures for blast induced ground vibrations are:

e Design the blasts appropriate to the site and implement the design
scrupulously.

e Exercise good control over drill hole pattern by properly marking the shot
holes on the floor of the bench prior to drilling, so that the designed spacing,
burden and inclination are achieved.

e Provide maximum relief [by creating free face(s)] to ensure free movement of
the rock with appropriate charge factor.

e If no additional free face is available, a properly designed initial cut pattern is
to be implemented.

e Select and use appropriate explosives and accessories suitable for the ground
conditions prevailing at the site.

e Select the appropriate charge factor (specific charge).
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e Select the maximum charges per delay based on the distance of the structure
to be protected from the blasting site.

e Select the appropriate delay interval between holes in the same row and rows
of the holes.

e Deck the charges in a blast hole.

1.10.2 Fly Rock

When blasting is carried out, the rock gets fragmented and the fragmented material
is moved away from the bench and gets piled up as fragmented mass to enable
loading by an excavator. In addition to this desirable displacement of broken
fragments, some stone pieces travel to certain distance away from the face resulting
in scatter of the blasted muck pile and a few of them also project to a greater
distance as shown in Figure 1.3. This undesirable projection of stones is termed as

‘fly rock’.

Figure 1.3 Fly-rock Generation

Fly rock is a serious environmental hazard and is often a cause of fatalities and /or
serious injuries to the people, cattle, damage to the equipment, buildings and other
property. Damage due to fly rock from blasting is one of the main causes of strained
relations between the mine management and the people residing, working or
passing by in the vicinity of blasting operations. This assumes prominence in mines
having small leasehold area (when the danger zone falls beyond the leasehold area)

and when the quarry is shallow with reference to the surroundings. These hazards

Department of Mining Engineering, Anna University Chennai Page 15



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroo;-’-vim
Chirayinkeezh Taluk, Thiruvananthapuram District, Kerala of M/s. Adani Vizhinjam Port Private Fimited,

become serious as the blasting rounds become bigger with larger diameter
boreholes, where fly rock of large sizes travel long distances. Fly rock is caused by
improper blast design. The important parameters, which cause fly rock problem, are
inadequate confinement of the explosive charge, high charge factor, decreased
spacing and burden, overcharging, inaccurate drilling, inadequate stemming, faulty
delay timing including not using delay detonators in multi-row blasting, improper
initiation sequence, overlapping of delays, blast hole diameter, bench height,
inclination of holes, charge distribution in holes, loose rock lumps lying on the top of
bench or along slope, geological conditions like highly fractured and weathered rock
and of course, human errors like - carelessness and improper supervision. In
addition, secondary blasting is also a major source of fly rock and hence is to be
avoided, wherever possible, or at least minimised by proper primary blast design
(considering the above stated parameters) using delay detonators in conjunction with

inverse initiation.

1.10.3 Control of fly-rock

Fly rock can be controlled by judicious selection of blast parameters mentioned
above based on experience and calculations using certain empirical formulae
developed from the site investigations. The fly rocks produced during the blasting
can be controlled by adopting the following measures:

o Proper blast design and its implementation.

o Careful inspection of site before laying out blast holes and deciding the

drilling pattern to be adopted based on the bench geometry.

o Drilling in accordance with the requisite blast design.

o Blast hole charging (using optimum charge factor).

o Maintaining the adequate stemming column.

o Use of proper stemming material (small pieces of stones with sharp

edges are to be removed from the stemming material to eliminate the
possibility of insulation of the detonator lead wires getting damaged or
snapping of the lead wires and ultimately resulting in misfires).

o Imparting adequate training to the blasting crew.
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In addition to the above, withdrawing all persons, cattle and traffic from the entire
area falling within a radius of 500 meters from the place of firing (hereinafter
referred to as the danger zone) as per Reg. 188 (2)(b) of MMR 2019 and DGMS
Technical circular No. 2 of 2003, and positioning of guards (sentries) at all
probable entrances into the blasting zone is very essential to prevent inadvertent

entry of persons, cattle and traffic.
1.10.4 Air Blast/Noise

When blasting is done, a loud noise is heard which is known as air blast. Air blast,
however, is not simply the sound that is heard. Air blast is an increased pressure
wave consisting of high frequency sound that is audible (from 20 Hz to 20 kHz) and
low frequency sound or concussion (less than 20 Hz) that is sub-audible and cannot
be heard. Although air blast seldom causes structural damage but sudden loud noise
causes psychological fear in the nearby inhabitants and in some cases even
breakage of window panes have been reported (Persson et al., 1994), if any building
is present within a short distance from the blasting site. Air blast is influenced by type
and amount of explosive, adequacy and type of material for stemming, direction of
blast and meteorological conditions. The main cause of noise is the energy released

in open air by the initiation system and inadequate stemming column, burden etc.

Air blasts are produced either by the direct action of the explosion products from the
unconfined explosive (like, detonating cord) in air or by over charging of explosive in
a shot hole. The waves produced by the effect of blasting increases the air pressure
from ambient pressure to peak and drops to negative (i.e., below ambient pressure)
slowly. Its travel thereafter is governed by air temperature, wind direction & speed,
and the presence of obstructions in the form of buildings, vegetation, and ground
contour. Hence, blasting is to be avoided when the wind is blowing towards a critical
area, which influences the air blast propagation. Similarly, blasting early in the
morning and late in the evening is to be avoided, as there will be temperature
inversions in the atmosphere during these periods of the day. Noise production is
more with detonating cord and hence resorting to electric delay detonation reduces
noise. However, United States Bureau of Mines (USBM) has correlated the damage

due to air over-pressure. The recommended values are given below:
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Table 1.10 United States Bureau of Mines (USBM) Values withstand Damage

due to Air Over-pressure (Noise)

Over-pressure (dB)

Over-pressure (KPa)

Air Blast Effects

177

14

All windows break

170

6

Most windows break

150 Some windows break

Some large plate glass windows
may break, desk and windows
rattle

140

USBM interim limit for allowable
air blast

Complaints likely

1.11 INITIATION SYSTEMS

There are a number of initiation techniques which can be used for supplying
necessary energy to a column of explosive and thereby initiate the detonation

process. The classification of initiation system is given in Figure 1.4
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Figure 1.4 Blast initiation systems
Here, cap and safety fuse initiation is not recommended due to the difficulty in
counting the number of shots during the firing of more number of holes in a single

round creating unsafe situation.
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Detonating fuse (DC) initiation system is also not recommended in this case because
of its inability to provide inverse initiation (true bottom initiation). In addition, it

produces more noise and increased possibility of misfires.

Shock tube initiation system can be used for better results and improved safety but it

iS more expensive.

Among the above, the NONEL based initiation system is having advantages of
initiation systems are:

e As opposed to fuse initiation, the time of detonation is always under control.

¢ No damage is done to the stemming column.

e Delay blasting can be effectively carried out.

e True bottom initiation ensuring effective utilization of explosive energy thereby
eliminating the stemming rejection and minimizing the flyrock travelling to
large distances.

¢ No surface noises.

e Occurrence of misfires in the blasting can be minimised.

e Systems are cheaper and safe.

1411  Shock Tube (NONEL)

The role of NONEL shock tube initiation system is the latest and advanced
system in quarry blasting. The main component of a non-electric initiation system is
shock tube that is a hollow plastic tube made with advanced materials designed to
withstand field conditions. The inner walls of the tube are coated with high explosive
of 14 to 20 mg/m length (Figure 1.5). With the help of non-electric millisecond delay
detonators for down the hole initiation, two or three explosive decks in the same drill
hole can be detonated by different delays. This reduces the maximum charge per
delay thus controlling ground vibrations and can be very effectively used for carrying
out controlled blasting operations. Use of NTD (Noiseless trunk line surface delay
system) on the surface hook up, in place of detonating cord significantly reduces air
blast/noise in view of the non-destructive nature of the tube. NTD or TLD (Trunk line
delay) is a non-electric millisecond delay detonator for surface initiation of down line
detonators. Combination of DTH and NTD give hole-by-hole initiation as well as
sufficient 'burning front' thereby eliminating cut offs and misfires. Shock tube NONEL
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system provides a high level of safety against initiation by static electricity, stray

electrical currents and radio frequency transmissions.
1.11.2 Advantages of NONELs

¢ Noiseless, true bottom initiation, down-hole delays, simplified tie-in patterns,
no limit on number of holes, reduction in air blasts/ground vibration, safe to
use in extraneous electricity environments.

1.11.3 Disadvantages of NONELs

e Lack of firing circuit testing facility before firing (only visual examination is
possible).

o Expensive compared to detonating cord and electric delay detonators.

Figure 1.5 Non- Electric Shock Tube Initiation Systems
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CHAPTER 2.0
BLASTING PRACTICES IN THE QUARRY

2.0 DETAILS OF THE SITE
2.1 Company Profile

The Adani Group is one of India’s leading business houses based at Ahmadabad —
Gujarat, founded in 1988. Adani has grown to become a global integrated
infrastructure player with businesses in key industry verticals — Resources, in coal
mining and trading; Logistics, which is spread across ports, logistics, shipping and
rail; Energy, with renewable, thermal, solar power generation and transmission
businesses and Agro commodities and ancillary industries. The integrated model is
well adapted to the infrastructure challenges of the emerging economies.

Adani Vizhinjam Port Private Limited (AVPPL) is company belongs to Adani groups,
having their Registered office at Ahmedabad — Gujarat, and the local office at 2nd
Floor, Vipanchika Tower, Thycaud, Thiruvananthapuram - 695014. The said
company is in various infrastructural and construction activities, they have been
awarded by the Government of Kerala for the development of Vizhijam port at
Thiruvananthapuram, which is a National Developmental Project / Activity and is also
a prestigious Sea Port for Kerala State. Hence, M/s. AVPPL is carrying out the stone
quarrying operations in Sy. No. 555/2 of Nagaroor village (Kadavila), Chirayinkeezh
Taluk, Thiruvananthapuram District over an area of 3.6630 Ha to facilitate the
building stone material as the raw material for the development of the breakwater
construction project.

2.2 Quarry Details

The present scientific study is in response to the request made by the management
of M/s. Kadavila-1 Stone Quarry to investigate into the influence of blasting with
emulsion explosives in their quarry relating to ground vibrations on the residential
and other buildings of Kadavila village located around the quarry. The study is also
aimed at investigating into the generation of the fly-rock, due to blasting and other
mining activities of the quarry on the neighbourhood. Accordingly, the author of this
report has carried out a preliminary survey followed by 10 number of controlled
trial blasts during 16.03.2021 to 17.03.2021 and prepared this report.

Figure 2.1 depict the Google map of the quarry area indicating the nearby surface
structures and Figure 2.2 shows the surface plan of the leasehold area and locations
of the nearest settlement and villages from the quarry lease area.
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Figure 2.1 Shows the location of M/s. Kadavila-1 Stone Quarry in Nagaroor village, Chirayinkeezh Taluk, Thiruvananthapuram District, Kerala and its surroundlng settlement
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Figure 2.2 Shows the Surface Plan of M/s. Kadavila-1 Stone Quarry in Nagaroor village
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The said quarry is located in Kadavila at a distance of 1.20 km towards southwest of
Nagaroor village and lies towards north of Kadavila Bus stop at a distance of 0.50
km approximately. This lease area is approachable by all-weather road/s up to the
up to Kadavila bus stop, thereafter a kutcha road towards north will leads to area.
The area is located between the geographical coordinates, latitudes of
08°43’ 42.88” N to 08°33’ 51.74” N and longitudes of 76°50’ 15.26” E to
76° 50’ 23.24” E and the total leasehold area of the mine is 3.6630 Ha (9.051 acres)
in Survey No. 555/2 (Government Land) of Nagaroor village (Kadavila),
Chirayinkeezh Taluk of Thiruvananthapuram District, Kerala state. The Quarry is
located at a distance of 35 km (by road) from Thiruvananthapuram which is the
district head quarter and state’s capital and at a distance of 13.0 km (by road) from
Chirayinkeezh which is the Taluk head quarter, where all the infrastructural facilities
are available. The nearest airport is at Thiruvananthapuram at a distance of 35.0 km
and sea port at Kollam which is at a distance of 50.0 km. The nearest railhead on
Broad gauge is Chirayinkeezh.

2.2.1 Geology of the area and properties of strata

Most of the quarry area is exposed by Charnockite (commercially known as Granite),
only towards the north of the quarry area part is covered by topsoil with the thickness
varying from 0.75 m to 1.00 m. The overburden is mainly topsoil, intercalated waste
and mining rejects. Out of geological reserves of 5.196 million tonnes, only 1.778
million tonnes of reserves can be exploited / mineable, while the balance of 3.417
million tonnes of reserves is getting blocked which cannot be mined due to the

boundary and practical constraints. The geological parameters of the ore body as

follows:
Strike : NW - SE with local variation of 15°— 20° on
either side
Dip : 70° - 80° dipping north
Strike length : 250 m
Width of deposit : 150-180m
Depth of deposit : 50m
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2.2.2 Method of Quarrying

Based on the mode and method so adopted and taking into the consideration of
geological parameters, the quarry pit is designed such that the height of the bench is
kept about 6.0 m maximum, and the width is also kept 6.0 m, maintaining 45° pit
slope. The haul roads are properly laid and frequently wetted to suppress the dust

being produced from the surface (Figure 2.3).

Figure 2.3 Benches and Haul road maintenance in the Quarry Face

Mining operation commenced from higher elevation to the lower elevation, benches
developed and advanced in south and west direction laterally. Initially, the height of
the highwall bench will be reduced, when it comes to the lower levels, benches will
take the circular shapes and pit will be formed. The Mining operation was controlled
and supervised by Statutory persons like Mine Manager, Assistant Mine Manager,
Mine Foreman, Mining Mate Cum Blaster, whose certificate issued by the Director

General of Mines Safety, Dhanbad.

2.3 EXISTING BLASTING PRACTICES
The nature of the rock in the quarry has been found to be hard to medium hard in

nature, possessing higher compressive strength and hence it requires drilling and

Department of Mining Engineering, Anna University Chennai Page 25



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroos*vilfage,
Chirayinkeezh Taluk, Thiruvananthapuram District, Kerala of M/s. Adani Vizhinjam Port Private Tirfhited,

blasting operations to dislodge / loosen the material from the main rock mass to
facilitate subsequent loading and transportation operations effectively.

The quarry is being worked systematically by constructing the benches with a
maximum height of 6.0 m. Taking into consideration the parameters such as
production requirement, required degree of fragmentation, type and capacity of
excavator used, and environmental constraints, the drill hole diameter of 33 mm is
being drilled using Jack hammer drilling machines. Based on the strength of the
rock, the blasting pattern with a burden of 1.2 m and the spacing of 1.5 m are being
maintained in the row-by-row staggered patterns (Fig. 2.4). The hole depth of 2.4
m for the above blastholes is maintained consistently for all the blasts. In the present
case, vertical or inclined holes are used based on the bench conditions. If inclined
hole drilling is adopted, the holes should be inclined at an angle of 15 to 20° (more or
less parallel to the inclined face of the bench) to the vertical and inclined towards

the free face of the bench.

Fron Facs

B Spee = 1.158
—

S=1810158
o o ®)
Staggared driliing pattern

Froa Face

St oo o BRaurrr o e et
® Blant hols
] Ovoriag betwoer chiches

— e

Figure 2.4 Staggered Pattern of Blast Holes
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In the present site, a minimum stemming length of 0.70 m is used at the collar of
the blasthole. The crushed angular rock of 2 to 4 mm (about 10% of blasthole
diameter) is used instead of fine drill cuttings to prevent premature venting of
explosive gases. Keeping atleast two free faces during the current blasting practices
in the Kadavila-1 stone quarry, a charge factor of 0.15 to 0.16 kg/m?3 is adopted for
ensuring average charge quantity of 0.500 kg per hole. Accordingly, the cap-
sensitive Emulsion explosive cartridges of 25 mm diameter are used to charge the
holes in three to five rows for ensuring effective fragmentation of rock and to
minimise the fly-rock in the quarry. Maximum numbers of holes are being blasted at
a time in a round are generally limited to 50 to 80 with Non-Electrical detonators
(NONEL) with surface delay of 17/25 ms and an in-hole delay of 250 ms to mitigate
adverse impacts such as air blast, fly rock and ground vibration. The instantaneous
electrical detonators are being used for initiating the blasting circuit prepared with
NONEL based detonators.

After completion of drilling, charging, stemming and hooking up by connecting
the trunk-lines of NONEL shock tubes, the place would be ready for blasting (Figure
2.5 and 2.6). All blasting operations are carried out only during the day time
(between sunrise and sunset) and under the personal supervision of the Assistant
Mines Manager. However, it is ensured that cattle, stray dogs, human beings and
traffic on the village road within a distance of 500 m from the blasting site (which
is termed as blasting zone) are cleared away for the safety purposes. Similarly, the
Mining Mate cum Blaster and his assistants are moved to a safe place and the
sentries with red flags and blowing whistles were kept in all the directions
along the periphery of the blasting zone on either side of the road within the
blasting zone preventing any unauthorized entry of human beings or cattle or traffic
into the blasting zone. After taking the final clearance from all sentries and the final
confirmation from the Assistant Mines Manager, the exploder key is inserted into

the exploder and the button is pressed for the firing.

After the completion of the blasting, the place is inspected for misfires, if any.
If no misfires are identified, all clear signal is given and subsequently mucking
(loading of the blasted rock) can be started.
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Figure 2.5 Type of explosives used

Figure 2.6 Drilling and charging of blast holes
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The summary of the blast design is given in Table 2.1

Table 2.1 Summary of the Blast Design being adopted in M/s. Kadavila-1
Stone Quarry

Parameter Value

Blast hole diameter 33 mm
Burden 1.2m
Spacing 1.5m
Height of the bench 6.00 m
Stemming length Minimum 0.70 m
Drilling pattern being followed Staggered
Specific charge For production blasting 0.15to 0.16 kg/m3
Average explosive | Emulsion cartridge

Quant%y/hole P ’ 0-50 kg
Maximum explosive
charge per drillhole Emulsion

used during production cartridge 0.625 to 0.688 kg
blasting

Detonators used NONEL based detonators
of 17/25 ms surface delay
with an in-hole delay of
250 ms

Type of explosive used Cap-sensitive type
Emulsion cartridges
(=25 mm)
Method of initiation system IED/MSDD

Method of connecting detonator Series

Blasting shall be recognised as the most critical operation in mining and
hence shall be carried out by maintaining highest standards of safety and
reliability. Emphasis shall always be placed in creating a work-culture where it is to
be emphasized that safety is the responsibility of all personnel working at the site.
Hence, all these operations of drilling and blasting are being carried out under
the direct supervision of qualified and experienced Assistant Mines Manager,

Mining Mate cum Blaster in Kadavila-1 stone quarry.
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CHAPTER 3.0
MONITORING AND ANALYSIS OF EXPERIMENTAL BLASTS

In response to the request made by the management of M/s. Kadavila-1
Stone Quarry to investigate into the influence of blasting with emulsion explosives in
their quarry relating to ground vibrations on the residential and other buildings of
Kadavila village located around the quarry, 10 number of controlled experimental
blasts were carried out during 16.03.2021 to 17.03.2021. This scientific study is also
aimed at investigating into the generation of the fly-rock and airblast (noise) due to

blasting activities of the quarry on the neighbourhood.

Accordingly, five numbers of latest version of blast monitoring instruments (Two
NOMIS and Three-Dimensional Seismographs of INSTANTEL make) have been
used by the Anna University research team for monitoring blast induced ground

vibrations in M/s. Kadavila-1 Stone Quarry.

After carrying out detailed site examination and discussion had with the
management, vibration levels during the above 10 experimental blasts were
measured at the residential buildings, and other structures in the vicinity. The details
of the blast parameters, peak particle velocities, their vectorial sum and the
corresponding frequencies measured at the monitoring stations (47 observations)
and other details of the blasts are given in Table 3.1. Regression curve has been
drawn to develop the predictor equations for the site. From the predictor equation,
site constants for M/s. Kadavila-1 Stone Quarry were determined. This enabled the
blasting operations to be designed to maintain the permissible levels of peak particle
velocity (blast induced ground vibrations) at any structure within the recommended
level. The maximum explosive charge to be used per delay at each site to ensure no
risk for the check dam, residential houses and other surrounding structures have
been calculated using the predictor equation with 95% confidence (Equation No.
3) developed for various distance of the of structures from the blasting site.

Department of Mining Engineering, Anna University Chennai Page 30



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroor Villgﬁge},;&if‘lyinkeezh Taluk, Thiruvananthapuram District, Kerala of
M/s. Adani Vizhinjam Port Private Limited .

Table 3.1 Details of the 10 Trial Blasts Carried out at Kadavila-1 Stone Quarry and the Blast Induced Ground
Vibrations Recorded

- Vibration measurement recorded
E’ § 2 4 g, x . S 'g o Longitudinal Transverse Vertical g
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= a @ 2 = a*9 8§~ iy s> iy s> oy > <
8 o o o
o
- No. | m m kg kg m? kg/m?® m mm/s Hz mm/s Hz mm/s Hz mm/s dB
S1 11.03
8°43'39.00" N ah 63 2.4 1.2,1.5 43.375 2.16875 265.356 0.1635 213 Not Triggered
76°50'15.00"E
- S2 11.03
N 8°43'44.17"N ah 63 2.4 1.2,1.5 43.375 2.16875 265.356 0.1635 62 3.429 170.60 3.429 128.00 3.429 128.0 4.12 118.2
1 N 76°50'19.87"E
(a2}
S S3 11.03
© 8°43'48.03"N ah 63 2.4 1.2,1.5 43.375 2.16875 265.356 0.1635 190 Not Triggered
76°50'12.81"E
S5 11.03
8°43'41.81"N a.m 63 2.4 1.2,1.5 43.375 2.16875 265.356 0.1635 105 1.14 7.8 2.79 7.6 0.445 8.0 2.92 116.9
76°50'17.47"E
St 11.08
8°43'39.00" N ah 30 2.4 1.2,1.5 18.75 1.25 126.36 0.1483 297 Not Triggered
76°50’'15.00°E
S2 11.08
§ 8°43'4417'N ah 30 2.4 1.2,1.5 18.75 1.25 126.36 0.1483 85 1.016 256.00 1.143 128.00 1.397 128.0 2.07 122.4
2 3 76°50°'19.87°E
[s2]
S S3 11.08
© 8°43'48.03'N ah 30 2.4 1.2,1.5 18.75 1.25 125.36 0.1483 253 Not Triggered
76°50'12.81"E
S5 11.08
8°43'41.81"N a;'n 30 2.4 1.2,1.5 18.75 1.25 126.36 0.1483 184 2.10 7.8 2.16 7.5 2.54 8.0 3.41 114
76°50'17.47’E
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St 1.1
8°43'39.00" N am 80 | 24 | 1215 50 1.25 336.96 | 0.1483 | 267 Not Triggered
76°50'15.00"E
- S2 11.11
S 8°43'44.17"N am 80 | 24 | 1215 50 1.25 336.96 | 0.1483 | 47 | 5334 | 170.60 | 3.302 | 170.60 | 4.064 | 128.0 | 5.58 | 118.8
3 & 76°50'19.87"E
3 S3 11.11
© 8°43'48.03"N : 80 | 24 | 1215 50 1.25 336.96 | 0.1483 | 264 Not Triggered
76°50'12.81"E am
S5 11.11
8°43'41.81"N : 80 | 24 | 1215 50 1.25 336.96 | 0.1483 | 152 | 1.86 24 2.1 24 267 22 2.70 100
76°50'17.47"E am
St 02.43
8°43'39.00" N om 30 | 24 | 1215 | 1875 | 1.33928 | 126.36 | 0.1484 | 136 | 0.381 0.0 0.245 0.0 0254 | 00 | 0832 | 915
76°50'15.00"E
S2 02.43
8°43'44.17"N o 30 | 24 | 1215 | 1875 | 1.33928 | 126.36 | 0.1484 | 120 | 1.905 | 128.00 | 2.540 | 128.00 | 5588 | 128.0 | 5.87 | 111.2
< 76°50'19.87"E
4| S o 02.43
o 8°43'45.27"N o 30 | 24 | 1215 | 1875 | 1.33928 | 126.36 | 0.1484 | 465 | 0.572 8.1 0.889 7.8 0508 | 80 | 0.968 | 100
S 76°50'31.27"E
- S4 02.43
8°43'41.81"N om 30 | 24 | 1215 | 1875 | 1.33928 | 126.36 | 0.1484 | 60 Not Triggered
76°50'17.47"E
S5 02.43
8°43'52.19"N om 30 | 24 | 1215 | 1875 | 1.33928 | 126.36 | 0.1484 | 282 | 1.52 7.7 248 75 0953 | 8.0 2.81 112
76°50'18.62"E
St 02.45
8°43'39.00" N om 24 | 24 | 1215 15 1.25 101.088 | 0.1484 | 296 | 0.889 | 204.80 | 0.254 | 68.30 | 1.143 | 29.30 | 1.47 112
76°50'15.00"E
S2 02.45
8°43'44.17"N om 24 | 24 | 1215 15 1.25 101.088 | 0.1484 | 102 | 4.064 | 73.10 | 4572 | 128.00 | 7.366 | 102.4 | 7.52 114
S 76°50'19.87"E
5 | & S3 02.45
- 8°43'45.27"N om 24 | 24 | 1215 15 1.25 101.088 | 0.1484 | 359 | 0.254 8.0 0.381 7.8 0191 | 80 | 0397 | 106
o o' "
S 76°50'31.27"E
- S4 02.45
8°43'41.81"N o 24 | 24 | 1215 15 1.25 101.088 | 0.1484 | 185 Not Triggered
76°50'17.47"E
S5 02.45
8°43'52.19"N o 24 | 24 | 1215 15 1.25 101.088 | 0.1484 | 151 | 0.191 7.7 0.381 75 0191 | 7.8 | 0.429 | 109.5
76°50'18.62"E
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S1
8°4341.81"N 1g£5 60 | 24 | 1215 | 375 | 1.875 | 25272 | 0.1484 | 80 | 8509 | 170.60 | 5.842 | 128.00 | 3.175 | 7310 | 9.8 | 1123
76°50"17.47"E

S2 10.55
8°4344.47'N | 109% | 60 | 24 | 1215 | 375 | 1875 | 25772 | 01484 | 95 | 1.524 | 170.60 | 2.032 | 256.00 | 3.302 | 170.6 | 3.41 | 1164

- 76°50'19.87"E

N

6 | S S3 10.55

o 8433874'N | 0% | 60 | 24 | 1215 | 375 | 1875 | 25772 | 0.1484 | 174 | 197 77 1.84 78 127 | 80 | 211 | 100

K 76°50'16.72"E

o S4 10.55
§°434803'N | '0°° | 60 | 24 | 1215 | 375 | 1875 | 25272 | 01484 | 170 | 0635 | 82 | 0508 | 77 | 0572 | 7.8 | 0.778 | 1126
76°50'12.81"E

S5 10.55
8°434704'N | 0% | 60 | 24 | 1215 | 375 | 1875 | 25272 | 01484 | 165 | 0572 | 7.8 | 0635 | 7.6 | 0318 | 80 | 0683 | 114
76°50'12.20"E

S1 10.56
8°4341.81'N | ') 50 | 24 | 1215 | 3125 | 1.736 | 21060 | 0.1484 | 75 | 7.747 | 170.60 | 10.16 | 170.60 | 5.969 | 128.0 | 11.09 | 116.4
76°50'17.47"E

. 10.56
§°4344.17'N | 10> 50 | 24 | 1215 | 3125 | 1.736 | 21060 | 0.1484 | 125 | 1.651 | 51.20 | 1.778 | 17060 | 2.032 | 1280 | 251 | 114.8

- 76°50'19.87"E

S S3 10.56

7 §°4338.74'N | ' 50 | 24 | 1215 | 3125 | 1.736 | 21060 | 0.1484 | 157 | 1.46 77 2.10 78 114 | 80 | 224 | 100

3 76°50'16.72"E

N~

= S4 10.56
§°4348.03'N | ' 50 | 24 | 1215 | 3125 | 1.736 | 21060 | 01484 | 160 | 0953 | 82 | 0953 | 7.7 | o699 | 78 | 117 | 112
76°50'12.81"E

S5 10.56
§°4347.04'N | 10> 50 | 24 | 1215 | 3125 | 1.736 | 21060 | 0.1484 | 154 | 1.71 7.8 1.14 76 | 0572 | 80 | 189 | 1095
76°50'12.20"E

S1 237
8°43'41.81"N > 30 | 24 | 1215 | 1875 | 1339 | 126.36 | 0.1484 | 105 | 5.207 | 170.60 | 4.826 | 102.40 | 2.667 | 128.0 | 6.12 | 109.9
76°50117.47E | P

S2 237

- 8°43'44.17"N > 30 | 24 | 1215 | 1875 | 1339 | 126.36 | 0.1484 | 68 | 1.651 | 56.80 | 1.270 | 128.00 | 2.032 | 51.20 | 23 | 1185
N 76°50119.87E | P
8 N
) S3 2.37
S 8°43'38.33"'N S 30 | 24 | 1215 | 1875 | 1339 | 126.36 | 0.1484 | 218 Not Triggered
= 76°50'16.63'E | P

S4 237
8°43'48.03'N S 30 | 24 | 1215 | 1875 | 1339 | 12636 | 0.1484 | 182 | 1.08 82 | o082 | 77 | 0889 | 78 | 140 | 1156
76°50'12.81"E P

Department of Mining Engineering, Anna University Chennai Page 33



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroor Villgﬁge},;ﬂm;lyinkeezh Taluk, Thiruvananthapuram District, Kerala of

M/s. Adani Vizhinjam Port Private Limited

S5
8°43'53.22"N 2.;7 30 24 | 1215 | 1875 | 1.339 | 126.36 | 0.1484 | 282 | 1.27 7.7 | 0635 7.6 159 | 7.8 1.68 | 100
76°5022.62° | P
St 2.39
8°43'41.81"N - 24 24 | 1215 15 1.071 | 101.088 | 0.1484 | 186 | 3.302 | 170.60 | 2.794 | 256.0 | 1.413 | 1706 | 3.47 | 104.2
76°50117.47E | P
S2 2.39
8°43'44.17"N - 24 24 | 1215 15 1.071 | 101.088 | 0.1484 | 91 | 0.762 | 36.50 | 1.016 | 256.00 | 1.270 | 4260 | 1.75 | 1123
< 76°50'19.87" | P
9 | ] S3 239
P 8°43'38.33"N - 24 24 | 1215 15 1.071 | 101.088 | 0.1484 | 293 Not Triggered
S | 76°5016.63'E | P
- S4 2.39
8°43'48.03"N - 24 24 | 1215 15 1.071 | 101.088 | 0.1484 | 205 | 0.317 8.2 0.317 7.7 0317 | 7.8 | 0524 | 116.9
76°50'12.81"E | P
S5 2.39
8°43'53.22"N - 24 24 | 1215 15 1.071 | 101.088 | 0.1484 | 209 | 0.889 77 | 0.826 7.6 0572 | 7.8 1.00 | 109.5
76°50'22.62'E | P
S1 2.46
8°43'41.81"N o 25 24 | 1215 | 15625 | 1116 | 1053 | 0.1484 | 146 | 254 | 17060 | 254 | 2560 | 1.397 | 1706 | 34 | 1152
76°50117.47E | P
S2 2.46
8°43'44.17"N - 25 24 | 1215 | 15625 | 1.116 | 1053 | 0.1484 | 46 | 1270 | 2220 | 1.651 | 256.00 | 1.778 | 170.6 | 229 | 117.6
- 76°50119.87E | P
N
10| & S3 2.46
P 8°43'38.33"N - 25 24 | 1215 | 15625 | 1.116 | 105.3 | 0.1484 | 259 Not Triggered
S | 76°5016.63'E | P
a S4 2.46
8°43'48.03"N - 25 24 | 1215 | 15625 | 1.116 | 1053 | 0.1484 | 245 | 0.191 8.2 0.191 7.7 0127 | 7.8 | 0206 | 109.5
76°50'12.81"E | P
S5 2.46
8°43'53.22"N - 25 24 | 1215 | 15625 | 1.116 | 1053 | 0.1484 | 243 | 0.254 7.7 | 0.191 76 0254 | 7.8 | 0318 | 109.5
76°50'22.62'E | P
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3.1

Trial Blast Details

The details of the trial blasts along with the measured blast induced ground

vibrations and blasting pattern are reported in the following paragraphs. From the

adopted blasting pattern and charging practices during the aforesaid experimental

blasts, maximum charge per delay and predictor equation were determined for the

present site.

Blast No: 1: The first trial blast was conducted on 16" March, 2021 and the adopted
blasting pattern and details are given in the Table 3.2 and 3.3. The Figure 3.1

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.2

Table 3.2 Co-ordinates of Blast & Instrument Locations

Type of
Sl. Location Serial of Distance Latitude Longitude (E) PPV Noise structure/
No Instrument (m) (N) 9 (mm/s) (dB) | Permissible
limit
Blast
1 Location 8°43'45.19" 76°50'18.17" -
(B1)
2 | VMS_1 11772 213 8°43'39.00" | 76°50'15.00" Not Triggered
Location
Belonging
412 to the
3 | VYMS2 20484 62 8°4344.17" | 76°50119.88" |  \Vithin 1 445 | owner,
Location permissible maximum
limit value is 15
mm/s
4 | M3 5993 190 8°4348.033" | 76°50'12.81" Not Triggered
ocation
Belonging
2.92 to the
6 | VYMS5 4687 105 8°4341.81" | 76°5017.47" |  Within | 1169 | Owner,
Location permissible maximum
limit value is 15
mm/s
Table 3.3 Details of Blast Parameters
Average | Average Average Maximum Maximum | Total quantity
: No. of holes ;
Burden | Spacing | Hole Depth (Nos.) Charge per | Charge per | of Explosives
(m) (m) (m) ' Hole (kg) Delay (kg) used (kg)
1.2 1.5 2.4 63 0.688 2.168 43.375
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Figure 3.1 Schematic diagram of adopted blasting pattern for the blast 1

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No backbreak was observed.
=  Muckpile was loose.
= The throw of the blast has been around 10-15 m which is considered to be
normal.
= A drop of about 0.5 m from the top surface of bench has been found at the
rear side of the blasted muck pile.
= No fly rock has travelled beyond 10 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored by the mine management was well
within permissible level.
= Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.2 &
3.3.
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Figure 3.2 Imagery shows the location blast site 1 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 2: The second blast was conducted on 16t March, 2021 and the adopted
blasting pattern and details are given in the Table 3.4 and 3.5. The Figure 3.3

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.4

Table 3.4 Co-ordinates of Blast & Instrument Locations

Type of
Sl Location Serial of Distance Latitude Longitude PPV Noise structure/
No Instrument (m) (N) (E) (mm/s) (dB) Permissible
limit
Blast
1 Location 8°43'46.73" 76°50'20.89" -
(B2)
VMS 1 ] ' " ] ' " 1
2 L — 11772 297 8°43'39.00 76°50'15.00 Not Triggered
ocation
Belonging to
2.07
o the owner,
3 | VMS2 20484 85 8°4344.17" | 76°50119.88" | WVIhIN | 4154 | maximum
Location permissible .
limit value is
15 mm/s
a | Y MS=S 5993 253 | 8°43'48.033" | 76°50'12.81" Not Triggered
ocation
RO
5 | VYMSS 4687 184 | 8°4341.81" | 76°50'17.47" | \Vithin 114 | maximum
Location permissible lue i
limit value is
15 mm/s
Table 3.5 Co-ordinates of Details of Blast Parameters
Average | Average Average No. of Maximum Maximum Total quantity
Burden | Spacing | Hole Depth holes Charge per | Charge per | of Explosives
(m) (m) (m) (Nos.) Hole (kg) Delay (kg) used (kg)
1.2 1.5 2.4 30 0.625 1.25 18.75
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Figure 3.3 Schematic diagram of adopted blasting pattern for the blast 2

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No backbreak was observed.
=  Muckpile was found to be loosen.
= The throw of the blast has been around 10-12 m which is considered to be
normal.
= A drop of about 1m from the top surface of bench has been found at the rear
side of the blasted muck pile.
= No fly rock has travelled beyond 12 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring house was well
within permissible level.
» Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.4 &
3.5.
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Figure 3.4 Imagery shows the location blast site 2 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 3: The third blast was conducted on 16" March, 2021 and the adopted
blasting pattern and details are given in the Table 3.6 and 3.7. The Figure 3.5

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.6

Table 3.6 Co-ordinates of Blast & Instrument Locations

Type of
Sl Location Serial of Distance Latitude Longitude PPV Noise structure/
No Instrument (m) (N) (E) (mm/s) (dB) Permissible
limit
Blast
1 Location 8°43'45.46" | 76°50'20.86" -
(B3)
VMS 1 o Ll n o " n 1
2 - 11772 267 8°43'39.00 76°50'15.00 Not Triggered
Location
Belonging
5:5§ to the
3 | VMS2 20484 47 8°4344.17" | 76°50'19.88" | _ \Vithin 118.8 | ownern
Location permissible maximum
limit value is 15
mm/s
4 VMS.—3 5993 264 843 ‘:',8'033 76°50'12.81" Not Triggered
Location
Belonging
2..7. to the
5 | YMS5 4687 152 8°43'41.81" | 76°50'17.47" Within 100 owner,
Location permissible maximum
limit value is 15
mm/s
Table 3.7 Details of Blast Parameters
Average | Average Average Maximum Maximum Total quantity
: No. of holes .
Burden | Spacing | Hole Depth (Nos.) Charge per | Charge per | of Explosives
(m) (m) (m) ' Hole (kg) Delay (kg) used (kg)
1.2 1.5 24 80 0.625 2.174 50
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Figure 3.5 Schematic diagram of adopted blasting pattern for the blast 3

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No backbreak was observed.
= Muckpile was found to be adequately loosen.
= The throw of the blast has been around 12-15 m which is considered to be
normal.
= A drop of about 1m from the top surface of bench has been found at the rear
side of the blasted muck pile.
= No fly rock has travelled beyond 10 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring house was well
within permissible level.
» Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.6 &
3.7.
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Figure 3.6 Imagei‘y shows the location blast site 3 and its crresonding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 4: The fourth blast was conducted on 16" March, 2021 and the adopted
blasting pattern and details are given in the Table 3.8 and 3.9. The Figure 3.7

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.8

Table 3.8 Co-ordinates of Blast & Instrument Locations

Type of
Sl. Location Serial of Distance Latitude Longitude PPV Noise structure/
No. Instrument (m) (N) (E) (mm/s) (dB) | Permissible
limit
Blast
1 Location 8°43'43.29" 76°50'16.16"
(B4)
Not
0.832 belonging
VMS_1 Within o the
2 — 11772 136 8°43'39.00" 76°50'15.00" o 91.5 owner,
Location permissible ;
limit maximum
value is
5 mm/s
Belonging
5.87 to the
3 | YMS 2 | 54484 120 8°4344.17" | 76°50'19.88" | Within | 4445 | owner,
Location permissible maximum
limit value is 15
mm/s
Not
0.968 belonging
VMS_3 Within to the
4 — 5993 465 8°43'45.28" 76°50'31.27" L 100 owner,
Location permissible ;
limit maximum
value is
5 mm/s
5 LV MS_4 4688 60 8°43'41.81" | 76°50'17.47" Not Triggered
ocation
Not
VMS_5 V\2/i311in b‘i'é’?r?(':g
6 - 4687 282 8°43'52.19" 76°50'18.62" .. 112 owner,
Location permissible )
limit maximum
value is
5 mm/s
Table 3.9 Details of Blast Parameters
Average | Average Average No. of holes Maximum Maximum Total quantity
Burden Spacing | Hole Depth .(Nos ) Charge per | Charge per | of Explosives
(m) (m) (m) ' Hole (kg) Delay (kg) used (kg)
1.2 1.5 2.4 30 0.625 1.339 18.75
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Figure 3.7 Schematic diagram of adopted blasting pattern for the blast 4

Post Blast Observations
During the post blast observations, the following conditions were identified:
= Backbreak was observed of about 0.5 - 1.0 m.
= Muckpile was found to be adequately fragmented.
= The throw of the blast has been around 15 m which is considered to be
normal.
= A drop of about 0.5 to 0.75 m from the top surface of bench has been found
at the rear side of the blasted muck pile.
= No fly rock has travelled beyond 15 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring village was well
within permissible level.
» Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.8 &
3.9.
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Figure 3.8 Imagery shows the location blast site 4 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 5: The fifth blast was conducted on 16" March, 2021 and the adopted
blasting pattern and details are given in the Table 3.10 and 3.11. The Figure 3.9

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.10

Table 3.10 Co-ordinates of Blast & Instrument Locations

Type of
Sl | | ocation Serial of | Distance Latitude Longitude PPV Noise | Structure/
No. Instrument (m) (N) (E) (mm/s) (dB) Perrlplgflble
imi
Blast
1 Location 8°43'47.55" | 76°50'19.50"
(B4)
Belonging
1.47 to the
o | VMSI 11772 206 | 8°4339.00" | 76°50'15.00" | _ Vithin 112 | owner,
Location permissible maximum
limit value is 15
mm/s
Belonging
7.'52. to the
3 | YMS2 20484 102 | 8°4344.17" | 76°5019.88" |  \Vhin 114 owner,
Location permissible maximum
limit value is 15
mm/s
Not
baonans
4 VMS.—3 5993 359 8°43'45.28" | 76°50'31.27" W|j[h|r_1 106 owner,
Location permissible .
e maximum
limit :
value is
5 mm/s
5 VMS.—4 4688 185 8°43'41.81" | 76°50'17.47" Not Triggered
Location
Not
Pecnans
6 VMS.—5 4687 151 8°43'52.19" | 76°50'18.62" W'Fhm 109.5 owner
Location permissible L
e maximum
limit :
value is
5 mm/s
Table 3.11 Details of Blast Parameters
Average | Average Average Maximum Maximum | Total quantity
: No. of holes :
Burden | Spacing | Hole Depth (Nos.) Charge per | Charge per | of Explosives
(m) (m) (m) ’ Hole (kg) Delay (kg) used (kg)
1.2 1.5 24 24 0.625 1.25 15
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Figure 3.9 Schematic diagram of adopted blasting pattern for the blast 5

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No Backbreak was observed.
= Muckpile was found to be adequately fragmented.
= The throw of the blast has been around 10 m which is considered to be
normal.
= A drop of about 0.75 to 1 m from the top surface of bench has been found at
the rear side of the blasted muck pile.
= No fly rock has travelled beyond 12 to 15 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring village was well
within permissible level.
= Few big sized boulders have been found on the blasted muck pile.
=  Summary of the field data related to the above blast is given in Table 3.10 &
3.11.
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Figure 3.10 Imagery shows the location blast site 5 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 6: The sixth blast was conducted on 17" March, 2021 and the adopted
blasting pattern and details are given in the Table 3.12 and 3.13. The Figure 3.11
depicts the blasting pattern and location of blasting site and monitoring station is
provided in the Figure 3.12

Table 3.12 Co-ordinates of Blast & Instrument Locations

Type of
Location Serial of Distance Latitude Longitude PPV Noise structure/
Instrument (m) (N) (E) (mm/s) (dB) Permissible
limit
Blast
Location 8°43'44.44" 76°50'16.85" -—
(B4)
Belonging to
VMS_ 1 Wsi)t'r?in the owner,
— 11772 80 8°43'41.81" 76°50'17.47" o 112.3 maximum
Location permissible .
limit value is
15 mm/s
e
VMS_2 | 50484 95 8°4344.17" | 76°5019.88" |  \Vithin 116.4 |  maximum
Location permissible .
limit value is
15 mm/s
211 Not belonging
- to the owner,
VMS_3 | 5993 174 | 8°4338.74" | 76°5016.72" |  Vithin 100 maximum
Location permissible .
limit value is
5 mm/s
VMS 4 8°43'48.033 \(/)VZZB Tg:hb:fxﬁg?
_ 4688 170 ro 76°50'12.81" thin 112.6 maximum
Location permissible .
. value is
limit
5 mm/s
Not belonging
VMS 5 \(/)v?:3 to the owner,
_ 4687 165 8°43'47.04" | 76°50'12.20" thin 114 maximum
Location permissible .
limit value is
5 mm/s

Table 3.13 Details of Blast Parameters

Average | Average Average No. of holes Maximum Maximum | Total quantity
Burden | Spacing | Hole Depth ) Charge per | Charge per | of Explosives
(m) (m) (m) (Nos.) Hole (kg) | Delay (kg) | used (kg)

1.2 1.5 24 60 0.625 1.875 37.5
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Figure 3.11 Schematic diagram of adopted blasting pattern for the blast 6

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No Backbreak was observed.
= Muckpile was found to be adequately fragmented.
= The throw of the blast has been around 10 to 12 m which is considered to be
normal.
= A drop of about 0.75 m from the top surface of bench has been found at the
rear side of the blasted muck pile.
= No fly rock has travelled beyond 10 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring houses were well
within permissible level.
» Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.12 &
3.13.
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Figure 3.12 Imagery shows the location blast site 6 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 7: The seventh blast was conducted on 17t March, 2021 and the adopted
blasting pattern and details are given in the Table 3.14 and 3.15. The Figure 3.13

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.14

Table 3.14 Co-ordinates of Blast & Instrument Locations

Type of
Sl. Location Serial of Distance Latitude Longitude PPV Noise structure/
No. Instrument (m) (N) (E) (mm/s) (dB) Permissible
limit
Blast
1 Location 8°43'43.82" | 76°50'15.93"
(B4)
1109 e ownar,
2 | VMS_1 11772 75 8°4341.81" | 76°50'17.47" | Wthin 64 | maximum
Location permissible lue i
imit value is
15 mm/s
2.51 e oanar,
3 | VMS.2 20484 125 | 8°4344.17" | 76°5019.88" | VNN | 118 | maximum
Location permissible lue i
imit value is
15 mm/s
Not
2.24 belonging to
4 | VYMS3 5993 157 8°4338.74" | 76°50'16.72" | _ WVithin 100 | theowner,
Location permissible maximum
limit value is
5 mm/s
Belonging to
1.17 the owner
5 | VYMS 4 4688 160 | 8°4348.033" | 76°50'12.81" |  Vithin 112 |  maximum
Location permissible .
limit value is
15 mm/s
Not
1.89 belonging to
6 | VYMSS 4687 154 8°4347.04" | 76°5012.20" | Within | 4nq 5 | the owner,
Location permissible maximum
limit value is
5 mm/s
Table 3.15 Details of Blast Parameters
Average | Average Average Maximum Maximum Total quantity
i No. of holes :
Burden | Spacing | Hole Depth (Nos.) Charge per | Charge per | of Explosives
(m) (m) (m) ’ Hole (kg) Delay (kg) used (kg)
1.2 1.5 2.4 50 0.625 1.736 31.25
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Figure 3.13 Schematic diagram of adopted blasting pattern for the blast 7

Post Blast Observations
During the post blast observations, the following conditions were identified:
= Backbreak was observed of about 0.5 m.
= Muckpile was found to be adequately fragmented.
= The throw of the blast has been around 15 m which is considered to be
normal.
= A drop of about 0.50 to 0.75 m from the top surface of bench has been found
at the rear side of the blasted muck pile.
= No fly rock has travelled beyond 15 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring houses were well
within permissible level.
= Few big sized boulders have been found on the blasted muck pile.
=  Summary of the field data related to the above blast is given in Table 3.14 &
3.15.
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Figure 3.14 Imagery shows the location blast site 7 an its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 8: The eighth blast was conducted on 17t March, 2021 and the adopted
blasting pattern and details are given in the Table 3.16 and 3.17. The Figure 3.15
depicts the blasting pattern and location of blasting site and monitoring station is
provided in the Figure 3.16

Table 3.16 Co-ordinates of Blast & Instrument Locations

Type of
Sl. L ocation Serial of | Distance Latitude Longitude PPV Noise | Structure/
No. Instrument (m) (N) (E) (mm/s) (dB) Perrlms?ble
mi
BlaSt o L} n o ' n
1 Location (B4) 8°43'45.29 76°50'17.95 -
Belonging
6.12 to the
2 VMS_T 11772 105 8°43'41.81" | 76°50'17.47" Within 109.9 | OWnen
Location permissible maximum
limit value is
15 mm/s
Belonging
2.-3. to the
3 VMS_2 20484 68 8°43'44.17" | 76°50'19.88" Within -~ | 4195 | owner,
Location permissible maximum
limit value is
15 mm/s
4 VMS.—3 5993 218 8°43'38.33" 76°50'16.16" Not Triggered
Location
Not
Paonans
5 VMS.—4 4688 182 8°43'48.033" 76°50'12.81" Wl.thlr.] 115.6 owner,
Location permissible .
L maximum
limit .
value is
5 mm/s
Not
o
6 VMS_5 4687 282 8°43'53.22" | 76°50'22.62" Within 100 owner,
Location permissible .
L maximum
limit i
value is
5 mm/s
Table 3.17 Details of Blast Parameters
Average | Average Average No. of holes Maximum Maximum Total quantity
Burden Spacing | Hole Depth .(Nos ) Charge per | Charge per | of Explosives
(m) (m) (m) ' Hole (kg) Delay (kg) used (kg)
1.2 1.50 2.4 30 0.625 1.339 18.75
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Figure 3.15 Schematic diagram of adopted blasting pattern for the blast 8

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No Backbreak was observed.
= Muckpile was found to be adequately fragmented.
= The throw of the blast has been around 10 m which is considered to be
normal.
= A drop of about 0.75 to 1.0 m from the top surface of bench has been found at
the rear side of the blasted muck pile.
= No fly rock has travelled beyond 10 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring houses were well
within permissible level.
= Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.16 &
3.17.
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Figure3.16 Imagery shows the location blast site 8 and its coresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 9: The ninth blast was conducted on 17t March, 2021 and the adopted
blasting pattern and details are given in the Table 3.18 and 3.19. The Figure 3.17

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.18

Table 3.18 Co-ordinates of Blast & Instrument Locations

Type of
S | Location |  Serialof | Distance Latitude Longitude PPV Noise | Structure/
No. Instrument (m) (N) (E) (mm/s) (dB) Perrlms?ble
mi
Blast
1 Location 8°43'47.24" 76°50'19.47" -
(B4)
Belonging
3_-47 to the
o | VMS1 11772 186 8°4341.81" | 76°50'17.47" Within 104.2 | ownen
Location permissible maximum
limit value is
15 mm/s
Belonging
1.75 to the
3 | YMS 2 h4es 91 8°43'44.17" | 76°50'19.88" Within 1 4453 | owner,
Location permissible maximum
limit value is
15 mm/s
4 VMS.—3 5993 293 8°43'38.33" 76°50'16.16" Not Triggered
Location
Not
0.524 belonging
VMS_4 Within tothe
5 - 4688 205 8°43'48.033" 76°50'12.81" L 116.9 owner,
Location permissible .
L maximum
limit i
value is
5 mm/s
Not
Peonaing
6 | YMSS 4687 209 8°43'53.22" | 76°50'22.62" Within 109.5 | owner,
Location permissible .
L maximum
limit .
value is
5 mm/s
Table 3.19 Details of Blast Parameters
Average | Average Average Maximum Maximum Total quantity
i No. of holes ;
Burden | Spacing | Hole Depth (Nos.) Charge per | Charge per | of Explosives
(m) (m) (m) ’ Hole (kg) Delay (kg) used (kg)
1.2 1.5 2.4 24 0.625 1.0714 15
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Figure 3.17 Schematic diagram of adopted blasting pattern for the blast 9

Post Blast Observations

During the post blast observations, the following conditions were identified:

No Backbreak was observed.

Muckpile was found to be adequately fragmented.

The throw of the blast has been around 8 to 10 m which is considered to be
normal.

A drop of about 0.50 to 1.0 m from the top surface of bench has been found at
the rear side of the blasted muck pile.

No fly rock has travelled beyond 10 m from the blast.

No misfires have occurred.

The ground vibrations level monitored in the Neighbouring houses were well
within permissible level.

Few big sized boulders have been found on the blasted muck pile.

Summary of the field data related to the above blast is given in Table 3.18 &
3.19.
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Figure 3.18 Imagery shows the location blast site 9 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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Blast No 10: The tenth blast was conducted on 17" March, 2021 and the adopted
blasting pattern and details are given in the Table 3.20 and 3.21. The Figure 3.19

depicts the blasting pattern and location of blasting site and monitoring station is

provided in the Figure 3.20

Table 3.20 Co-ordinates of Blast & Instrument Locations

Type of
Sl. Location Serial of Distance Latitude Longitude PPV Noise structure/
No. Instrument (m) (N) (E) (mm/s) (dB) | Permissible
limit
Blast
1 Location 8°43'45.74" | 76°50'20.27" -
(B4)
Belonging
34 to the
o | VMST 11772 146 | 8°4341.81" | 76°50'17.47" | WHIn 455 | owner,
Location permissible maximum
limit value is
15 mm/s
Belonging
2.29 to the
3 | VMS2 20484 46 8°4344.17" | 76°50'10.88" | WM | 4476 | owner,
Location permissible maximum
limit value is
15 mm/s
4 VMS.—3 5993 259 8°43'38.33" | 76°50'16.16" Not Triggered
Location
Not
lonai
o
5 | VMS 4 4688 245 | 8434803 | seeggqpgyr | WItIN 695 | owner,
Location 3 permissible .
. maximum
limit i
value is
5 mm/s
Not
lonai
i
6 | YMS S 4687 243 | 8435322 | 76°5022.62" | VN 1 4095 | owner,
Location permissible .
L maximum
limit .
value is
5 mm/s
Table 3.21 Details of Blast Parameters
Average | Average Average Maximum Maximum | Total quantity
: No. of holes .
Burden | Spacing | Hole Depth (Nos.) Charge per | Charge per | of Explosives
(m) (m) (m) ’ Hole (kg) Delay (kg) used (kg)
1.2 1.5 2.4 25 0.625 1.1161 15.625
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Figure 3.19 Schematic diagram of adopted blasting pattern for the blast 10

Post Blast Observations
During the post blast observations, the following conditions were identified:
= No Backbreak was observed.
= Muckpile was found to be adequately fragmented.
= The throw of the blast has been around 10 m which is considered to be
normal.
= A drop of about 0.50 to 1.0 m from the top surface of bench has been found at
the rear side of the blasted muck pile.
= No fly rock has travelled beyond 10 to 15 m from the blast.
= No misfires have occurred.
= The ground vibrations level monitored in the Neighbouring houses were well
within permissible level.
= Few big sized boulders have been found on the blasted muck pile.
= Summary of the field data related to the above blast is given in Table 3.18 &
3.19.
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Figure 3.20 Imagery shows the location blast site 10 and its corresponding monitoring stations of M/s. Kadavila-1 Stone Quarry
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3.2 Blast Vibration Monitoring

To minimise generation of blast induced ground vibrations and thereby their adverse
effects on the residential buildings, and other structures, the blast vibration predictor
equation for the quarry area has been developed by determining the field constants
(which are site specific) by monitoring ground vibrations during all 10 trial blasts in
M/s. Kadavila-1 Stone Quarry. This monitoring was carried out by five numbers of
seismographs of INSTANTEL (3 Nos.) and NOMIS (2 Nos.) make by locating them
at different locations and distances from the blasting site.

Based on the parameters like the maximum explosive charge per delay, measured
peak particle velocities (PPV), distances of each of the blasting sites to the
monitoring stations of that particular blast, predictor equations for the site have been
developed using regression analysis. This predictor equation was used to calculate
the maximum (safe) explosive charge per delay by substituting the distance of the
blasting site from the nearest residential structures.

Blast design for the trial blasts was based on the information collected from the site,
the empirical relations normally used for blast design and the current practices
prevailing in the quarry. Results of the trial blasts, rock type, height of the bench,
existence of structures to be protected from blast vibrations like the residential
structures of the village, etc. have been taken into account, in this report, while

designing the future blasts for M/s. Kadavila-1 Stone Quarry.

3.2.1 Tolerable PPV Levels of the Residential Buildings and other
structures of Nagaroor village (Kadavila village)

The guidelines by DGMS and others (given in Section No. 1.3) specify the tolerable
PPV levels surface civil structures of various types can tolerate at different
frequencies. Amongst them, DGMS recommends the least (most conservative and
therefore safe) permissible peak particle velocities to which different types of
structures should be subjected to, for ensuring their safety. Hence, these standards
are considered for blast design in this report.

The minimum and maximum blast vibration frequencies recorded during the trial
blasts ranged between 7.5 to 256 Hz respectively. Keeping in view the minimum

Department of Mining Engineering, Anna University Chennai Page 101



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroos#vil a
Chirayinkeezh Taluk, Thiruvananthapuram District, Kerala of M/s. Adani Vizhinjam Port Private Fimited,

frequency recorded during the trial blasts, the maximum PPV, structures of any type,
can tolerate without damage fall within the frequency range of 8 to 25 Hz
recommended by DGMS in the Table 1.2 and the same are given in the Table 3.22.
Based on the DGMS recommendations, it is indicated in the Table 3.22 (A) that the
tolerable PPVs measured at the foundation level of the structures are 10 mm/s for
the domestic houses/structures made up of kutchha brick and cement and 20
mm/s for the Industrial buildings (RCC & framed structures) not belonging to the
quarry management and 5 mml/s for other structures of historical importance like
dam and bridges if located within the vicinity of the quarry.

However, to avoid confusion for the people in the field, the maximum explosive
charge per delay is calculated for this quarry to restrict the peak particle
velocity to 5.0 mm/s only (irrespective of the type of structure), which is more
conservative and safer as shown in the Table 3.22 (B). Further it will secure the
safety of Domestic houses & structures/Residential buildings located in the
Kadavila village whose safety is also very important.

Table 3.22 Permissible Maximum PPV for Residential buildings and other
civil structures for blast induced ground vibration frequencies
ranging between 8 to 25 Hz

Max. Permissible PPV, mm/s with
Type of structure Dominant excitation frequency in
the range of 8-25 Hz

Buildings / structures not belonging to the owner

(i) | Domestic houses/structures (kutchha
brick & cement), Residential & other
Buildings of Vaniyamkulam village

(i) | Industrial buildings (RCC & framed

structures) 20

(iii) | Sensitive structures like Dam &

Bridges in the Surrounding villages S

Maximum PPV considered for calculation of Max. Charge per Delay

For all types of structure of Nagaroor
village
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3.3 Development of Predictor Equation

The vibration data generated during the trial blasts was analysed and a regression
curve for the same at 95% degree of confidence level has been drawn and indicated
in Figure 3.21. The 95% degree of confidence level was chosen because this is the
minimum level at which all the measured data points were lying below this line
(level). Based on the regression analysis, the predictor equation for the area has

been developed and given in Equation 3.

V =1026 = (SD)t 10D w (3)
where,
"4 = Peak particle velocity (PPV), mm/s
SD = Scaled distance, m/\kg
kand g= Rock constants, which are site specific and

SD is calculated by equation (2).

SD = — J
VW (mANkg)
where,
D = Distance between the blasting site and the vibration monitoring station, m
w = Maximum explosive charge per delay, kg.

Accordingly, the safe (maximum) explosive charge per delay to be used and the
maximum number of drill holes to be charges with same delay number for various
distances of the blasting site from the structures like residential buildings and other
structures in the Nagaroor Village, Chirayinkeezhu Taluk, Thiruvananthapuram
District, Kerala to restrict the PPV to a maximum of 5.0 mm/s with 95% confidence
are calculated using the predictor equation (3) developed for the site. Table 3.23
gives the recommended maximum explosive charge per delay and the maximum
number of drillholes to be charges with same delay number in M/s. Kadavila-1 Stone
Quarry. Similarly, Figure 3.21 depicts the maximum explosive charge recommended
per delay.
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Table 3.23 Maximum explosive charge recommended per delay for various
distances of the blasting site to the structure to be protected like
Residential buildings and other structures to restrict the blast
vibrations (Peak Particle Velocity) to a maximum of 5 mm/s with
95% confidence level

Predictor Equation: V=1026 {Sﬂ'}{ 1.01)

Shortest distance between the . _— .
Maximum permissible explosive
nearest structure to be protected charge per delay, kg
to the bIa:]tmg site, (rounded off to the nearest kg)
1 150 0.57
2 200 1.01
3 250 1.57
4 300 2.26
5 350 3.08
6 400 4.02
7 450 5.09
8 500 6.28
9 550 7.60
10 600 9.05
Scaled Distance
10

k]

Charpeper delay ez}
h

IS0y 10 2500 Al 350 AL A50 i 550 GO0
Drsleaace {10}

Figure 3.21 Relationship between maximum charge per delay and distance
between the blasting site and the structure to be protected to
restrict the blast induced ground vibrations (PPV) to a maximum
of 5 mml/s
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3.4 Results and Discussions

Ten trial blasts were carried out 16.03.2021 to 17.03.2021 and blast vibrations were
monitored using five seismographs located at various distances. The minimum and
maximum charge per delay varied from 1.07 to 2.17 kg. A maximum of 80 holes
were drilled with jack hammer drilling equipment with a maximum number of holes
per delay of six. In all the 10 trial blasts, ground vibrations were monitored at 47
locations around the blasting sites and neighbouring village. Out of the total 47
measurements made, vibrations were recorded by the instruments only at 36
stations. The vibrations recorded behind the blast free face were of highest
magnitude. The magnitude of vibration recorded in the flank of direction of initiation

was lower than those on the opposite side of the flank of blast initiation.

The maximum vibration recorded was 0.968 mm/s with associated dominant peak
frequency range of 8.1 at a distance of 465 m from the site of blasting where the total
explosive detonated in the blasting round was 18.75 kg and explosives weight per
delay was 1.33 kg. Further, the maximum vibration of 0.397 mm/s was recorded at a
distance of 359 m with associated dominant peak frequency range of 8 Hz from the
blasting site where the total explosive detonated in the blasting round was 15 kg and

the corresponding explosives weight per delay was 1.25 kg.

All the 10 blasts were carried out using NONEL shock tube detonators with an in-
hole delay of 200 ms and surface delay of 25 ms. Fast attenuation of vibration was
recorded at shorter distances whereas at far-off distances the attenuation was slow

and was influenced by low frequency blast wave characteristics.

The recorded dominant frequencies of vibrations were in the range of 7.5 to 256 Hz.
The FFT analyses of vibration data revealed that the concentration of vibration
energy was in the range of 29.30 to 170.6 Hz. However, keeping in view the
minimum frequency recorded during the trial blasts, the maximum PPV structures of
any type, can tolerate without damage fall within the frequency range of 8 to 25 Hz.
However, to avoid confusion for the people in the field, the maximum explosive
charge per delay is calculated for this quarry to restrict the peak particle velocity to
5.0 mm/s only (irrespective of the type of structure), which is more conservative and

safer as shown in the Table 3.22. Further it will secure the safety of Domestic
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houses & structures/Residential buildings located in the Nagaroor Village,
Chirayinkeezhu Taluk, Thiruvananthapuram District, Kerala whose safety is also very

important.

Similarly, the maximum level of air over-pressure monitored at a distance of 205 m in
the neighbouring village as 116.9 dB(L). All the recorded data were well within the
threshold level of air over pressure/noise as per USBM standard {136 dB(L)} and
hence it will not cause any damage to the windows etc. of the houses/structures of
the concerned village. Further, there was no ejection of flyrocks in any of these

blasts.

The analyses of vibration data recorded from detonation of blasts with higher amount
of explosives generated higher level of vibrations at near-by-distances in comparison
to the blasts which were detonated at the same bench face with lesser amount of
explosives although the blast design and explosives parameters were kept identical.

The explosives detonated in a delay in both the blasts were similar in weight.

The propagation equation for prediction of blast vibration have been established and
are given as Equations 3. The permissible explosive weight per delay may be
computed from the Equation to contain vibration within safe limits for distances of
houses/structures concerned. For convenience, the permissible explosive weight per

delay has been computed and is given in Table 3.23.
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

4.0 Conclusions and Recommendations

The Anna University team have conducted scientific study to evaluate damage
potential of the blast induced ground vibration and air overpressure induced by
blasting operations at Kadavila-1 Stone Quarry located in the Nagaroor village.
Altogether 10 experimental blast rounds were conducted in Kadavila-1 Stone Quarry.
Comprehensive vibration monitoring was carried out during the blasting experiment.
In all the 10 trial blasts, ground vibrations were monitored at 47 locations around the
blasting sites and neighboring village which includes domestic houses and other
prominent structures of the village such as the houses are not belonging to the

owner of mine management.

It is observed that the blast induced ground vibration and air overpressure (noise)
monitored at the locations such as houses (which are not belonging to the mine
management) beyond a distance of 130 m from the blasting site remained less than
3.00 mm/s and 116.9 dB(L) against recommended safe values of 5.0 mm/s and
134 dB(L) respectively. Ground vibration beyond a distance of 300 m decayed to
less than 1.0 mm/s in majority of the cases observed. Therefore, it may be
concluded that observed blast induced ground vibration values are safe and well
within the permissible limit as per recommendations of Directorate General of Mine
Safety (DGMS).

Based on the scientific study, it is concluded that the blast induced ground
vibrations and noise levels generated by the controlled blasting carried out in
Kadavila-1 Stone Quarry was within permissible level and therefore is not
affecting the residential buildings and other structures. Further, it has been
observed that no flying fragments or projectiles travelled beyond 10 m from
the site of blast. Hence, controlled blasting can be carried out at Kadavila-1
Stone Quarry by following the blasting parameters as recommended in the Table
No. 4.1.
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Here, it is recommended that the permissible explosive weight per delay may be
computed from the Equation to contain vibration within safe limits for distances of
houses/structures concerned. Hence, the maximum charge per delay shall not
exceed the value specified in Table 3.22 corresponding to the distance between the

blasting site and the residential building or any sensitive structure.

Further, it is recommended to continue the present method of fragmenting the
oversized rocks using Rock breakers and wherever possible, to adopt muffling using
old tyres / old conveyor belts in the blasting operation which will not only minimize

the flyrock generation as well as condense the noise generation considerably.

However, it may be noted that the recommendations of this report are site specific
and can be effectively implemented only in M/s. Kadavila-1 Stone Quarry and not to

the quarries outside the study area.
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Table 4.1
Stone Quarry

Parameter

Summary of suggested Controlled Blast Design for M/s. Kadavila-1

Value

Blast hole diameter

33 mm

Burden

1.2m

Spacing

1.5m

Height of the bench

6.00 m

Stemming length

Minimum 0.70 m

Drilling patterns to be followed

Rectangular / Staggered

Specific charge

For creating Initial (Box) Cut

0.16 to 0.17 kg/m?3

For production blasting

0.15to0 0.16 kg/m?

Loading Density

Cap-sensitive  Emulsion
Slurry Cartridges

(or)

0.26 kg/m

Average
Quantity/hole

explosive

Cap-sensitive  Emulsion
Slurry Cartridges

(or)

0.50 kg

Maximum
charge
during
blasting

explosive
drillhole
production

per

Cap-sensitive
Emulsion (or)
Slurry Cartridges

0.625 to 0.688 kg

Detonators recommended

NONEL based detonators of
17/25 ms surface delay with
an in-hole delay of 250 ms

Type of explosive recommended

Emulsion (or) slurry cartridge
type (=25 mm)

Initiation system recommended

Inverse initiation

Method of connecting detonator

Series

Maximum charge per delay

As stated in Table 3.22
based on the distance of the
blasting site from the
structure and the type of
structure to be protected
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DISCLAIMER

The scientific investigation presented in this report was carried out by Department of Mining
Engineering, Anna University, Chennai. The findings were based on 10 Nos. of trial blasts
carried out with 33 mm diameter holes to a maximum depth of 2.4 m using cap-sensitive
Emulsion explosive cartridges of 25 mm diameter along with NONEL. Blast design for
Kadavila-1 Stone Quarry. given in this report is based on the scientific investigations
including the results of the trial blasts.

The Department of Mining Engineering, Anna University, Chennai is not responsible for the
results produced, if there is any change in the conditions like — increase in strength of the
explosives used, using more explosive charge per delay than recommended in Table — 3.23
of this report, adopting faulty initiation sequence, not following the recommendations of this
report etc.

The Department of Mining Engineering, Anna University, Chennai is no way responsible
for proper implementation of the recommendations of this report, as the day-to-day
activities in the mine are neither under its control nor possible for it to control.

In view of the above, neither the authors of this report nor the Department of Mining
Engineering, Anna University assume any liability with respect to any claims, damages
or losses which may result from the implementation of the conclusions and
recommendations / results of this report. This report is only for the guidance of quarry
management and the Kadavila-1 Stone Quarry management has to decide on all other
safety and operational aspects of the actual blasting operation for the Kadavila-1 Stone
Quarry. It is also the responsibility of the management to take all statutory and other
additional safety precautions and measures while carrying out the blasting as the same have
not been stated in this report.

(Dr. P. BALAMADESWARAN)
Consultant
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ANNEXURE - 1|
DGMS Technical (S & T) Circular No. 7 of 1997

Sub: Damage of structures due to blast induced ground vibrations in the mining areas.

1. Introduction

In response to increase demand for coal and other minerals, a number of large mechanised
opencast mines have come into operation. Some of these opencast workings are located
near surface structure like residential buildings, schools, commercial shops, hutments with
large number of inhabitants etc. Whenever blasting is done in these opencast mines, ground
vibrations are generated outward from the blast area and cause damage to surrounding surface
structures. The vibrations radiating from the blast holes while passing through surface
structures, induce vibrations on the structures causing resonance. The components of
ground motion can affect the structures through compression and tension and also through
vertical and horizontal shearing effects. Blast induced ground vibrations create
socioeconomic problems for the mine managements as well as the people residing in vicinity
of these mines. As only 20-30 % of energy of commercial explosives used in the mines is
utilized for fragmenting the rock, the rest of energy is transmitted through the earth in the
form of ground vibrations resulting in damage to the surrounding structures.

2.0 Damager Criteria

The peak particle velocity has so far been considered as the best criteria for evaluating blast
vibrations in terms of its potential to cause damage. The extensive studies on the problems
have established that the frequency of the waves is also equally important factor to consider
the effect of damage. The blasting damage is generally classified into following four
categories:

Category Description of damage

No appreciable | No formation of noticeable cracks.
damage

Threshold Formation of fine cracks, fall of plaster, opening & lengthening of
damage old cracks, loosening of joints, dislodging of loose objects etc.

Minor damage Superficial not affecting the strength of structure(s). Hair line
cracks in masonry around openings near partition, broken
windows. Fall of loose mortar etc.

Major damage Formation of several large cracks, serious weakening of
structures, shifting of foundation, fall of masonry, ruptures of
opening vaults etc.

Department of Mining Engineering, Anna University Chennai Page 112



Scientific study on Blast Induced Ground Vibration for Kadavila-1 Stone Quarry, Nagaroo*vil age.
Chirayinkeezh Taluk, Thiruvananthapuram District, Kerala of M/s. Adani Vizhinjam Port Private Fimited,

3.0 Natural Frequencies

Elements of building construction such as sprung floors, stud partition walls, ceiling and
windows can all react as mass-spring systems; each with its own natural frequencies of
about 4-24 Hz (low frequencies) Ground vibrations at these frequencies amplified by the
structures increase the risk of damage. When the low frequency ground vibration coincides
with the natural frequency of the structure resonance in originated. The resonance is a state
in which the structure absorbs most energy progressively becoming deformed with time, until
plastic deformation occurs. Therefore even the low peak particle velocity of ground vibrations
at natural frequency of structure is more harmful to the structure. Natural frequencies of brick

and concrete structure generally vary from 8-16 Hz.

4.0 Structural response

All structures develop cracks from natural causes like periodic changes in humidity,
temperature and wind velocity. Changes in soil moisture cause foundation cracks. The width
of old cracks change seasonally and number of cracks increase with the time. This damage
is independent of damage caused by blasting.

The cracking location and the wall material have an influence on the particle velocity at
which cracking begins. If the entire structure is not inspected thoroughly, there may be
chances of biased opinion on the type of cracks. Thus it is important to place transducer
properly for the correct assessment of damage.

In the mud houses, number of cracks develop before blasting and these cracks widened and
et extended with the passage of time. These cracks are further widened and get extended
due to blast induced ground vibrations. Concrete structures vibrate for longer duration that
brick and mud structures. Concrete walls have free top and show no cracks at vibration
levels for which mud and brick walls can damage Cracks develop in concrete walls with
large vibration level. Cracks in brick- structures can be observed in junction of walls, roof and
at window corners. Brick walls with clay mortar and cement- sand mortar behave in same
fashion. Steel structures can sustain more vibration level.

The magnitude of vibrations on structures in much is more than on the ground. Duration of
vibration in structure is also longer than, that of ground vibration. Multi-storied buildings are
more sensitive to blast vibration that the single-storied buildings.

To predict the extent of damage and to take preventive measures, it is necessary to
measure ground vibrations due to blasting. Studies on structural response of ground
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vibration in the structures of different constructions within the mining areas under Indian
condition are limited and therefore such study should be carried out to ascertain the degree
of damages for improvement and standardization of damage criteria under Indian conditions.
5.0 Measurement of blast induced vibrations

5.1 Instrumentation

The instrument selected for monitoring blast induced ground vibration shall be simple, light,
compact, easily portable, battery operated, digital form output, triggering by geophone etc.
Triaxial transducers for recording blast vibration shall have a liner frequency up to 500 Hz

and capable of recording particle velocity up to 100 mm/s.

5.2 Methodology

The transducers shall be placed near the structure on the solid undisturbed ground and
should be placed well in contact with the ground. For structural response, the transducers
shall be placed horizontally over the wall, floors and ceiling. A minimum of 15 points of
observations corresponding to a minimum of 10 blasts shall be made for better prediction
with a high index of determination.

5.3 Predictor Equation

The least means square method of regression analysis shall be used to interpret the date.
The square roof scale distance shall be used for analysis and interpretation of data when
blasting is done on surface and measurements are taken on the surface, or the blasting is
done underground and measurements are taken underground. On the other hand, if blasting
is done on the surface and the measurements taken underground the cube root scaled

distance shall be used.

6.0 Guidelines on experimental blasting

6.1 Factors

Maijor factors affecting particle velocity of ground vibration are type and amount of explosive
charge used, distance from the charge to the point of observation (surface structures),
geological, structural and physical properties of the rock that transmits the vibrations, height
of structures and blast geometry. Use of safe charge/delay, in hole delay with non- electric
initiation systems. Proper burden, inclined holes in conformity with slope of bench, deck
charge, air deck, sequential blasting, clearing off loose pieces of rocks from the blast site
and proper stemming of holes bring reduction in blast induced ground vibrations. Controlled
blasting methods in conjunction with effective muffling of holes will control ground vibrations

and also arrest fly rock.
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6.2 Plan
A plan showing structures belonging to the to the owner and not belonging to the owner in

different prominent shades should be prepared. The plan shall incorporate details of
construction of the structures in a tabular form. Plan should also show 50 m., 100m, 200 m
and 300 m zones from the structures, the place of experimental study and the limit upto the

which blasting is proposed to continue.

6.3 Study/ observations
In a particular mining area with built-up structures where deep hole blasting is to be

introduced for the first time, experimental blasting shall be carried out by any research/
academic institute much before the structures fall within the blasting danger zone. The type
of instruments, the methodology and predictor norm as recommended in para 5.0 shall be
followed in measurement of blast induced vibrations. Based on the study, the safe charges
for different zones shall be determined and recommendations made in the report. In a cluster
of buildings of different types existing close to each other, the charge for the buildings/
structures requiring greater protection against damage shall be assessed and

recommended.

6.4 Structural response
During the study the response of the structures assuming different natural frequencies

should be calculated and plotted on a figure. Software with the different programmes are

available now for the said plot and should be used for convenience.

6.5 Monitoring
In order to ensure effective control over the vibration and related damages there is a need

for regular inhouse monitoring and the managements should train the blasting personnel
during the experimental study and start observations on their own during the regular blasting

operations.

7.0 Recommended permissible standards of blast induced ground vibrations:

71 Technical considerations

Permissible standards for different type of structures have been arrived at considering the
importance of building and structures. The buildings of historical importance and multi-
storied structures are likely to get damaged with low level of vibration and therefore
permissible standards are to be lowest. Similarly buildings not belonging to the owner but
with mud/brick in cement construction and others with good construction (RCC and framed

structures) should also be protected but higher permissible standards than that of the level
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fixed for first category has been allowed. The buildings belonging to the owner of the mine
are constructed for a limited period generally equal to the life of the project. The
management accept that these buildings constructed within the mining area are likely to
suffer some damages during the extraction of minerals, but the damages should be
repairable. Therefore, slightly higher permissible levels of vibrations have been allowed in

such cases.

7.2 Permissible standards

Depending on the type of structures and the dominant excitation, the peak particle velocity
(ppv) on the ground adjacent to the structure shall not exceed the values given below in the
table.

Table: A1 Permissible Peak Particle Velocity (ppv) at the foundation level of
structures in Mining Areas in mm/s

Dominant excitation

Type of structure frequency, Hz

<8 Hz 8-25 Hz > 25 Hz

Buildings / structures not belonging to the owner

Domestic houses/structures (kutchha brick &

cement) 5 10

Industrial buildings (RCC & framed structures) 10 20

Objects of historical importance & sensitive 5
structures

5

Buildings belonging to the owner with limited span of life

Domestic houses/structures(kutchha brick &

10 15
cement)

Industrial buildings (RCC & framed structures) 15 25

In view of the complexities of the problems | hope you all would take adequate measures as
recommended above to ensure that the blasts near surface structures are carried out with
utmost care and precautions. The blast induced ground vibration should be within the

permissible limits as specified above.
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ANNEXURE - I
PROCEDURE FOR DEALING WITH MISFIRES

Abstract of Regulation No. 167 of Metalliferrous Mines Regulations 1961 on

Misfires:

(1)

(7)

(8)

When shots are fired electrically, no person shall re-enter or be permitted to re-enter
the place of blasting until 5 minutes after firing of the shots and the source of
electricity has been disconnected from the cable.

In the event of a misfire, the entrance or entrances to the place shall be barricaded or
fenced so as to prevent inadvertent access; and no work other than that of locating or
relieving the misfire shall be done therein until the misfire has been located and
relieved. The place of the misfire shall be marked with a red flag.

In the event of a misfire, the tamping may be sludged out with compressed air or
water under pressure. The hole shall thereafter be re-primed and fired.

Except where the misfire is due to faulty cable or a faulty connection, and the shot is
fired as soon as practicable after the defect is remedied, or where a shot has been
re-primed and fired under sub-regulation (3) another shot shall be fired in a relieving
hole which shall be so placed and drilled in such a direction that at no point shall it be
nearer than 30 centimetres from the misfired hole. The now hole shall be bored in the
presence of a blaster, preferably the same person who fired the shot.

If a misfired hole is not dislodged by a relieving shot, the procedure laid down | sub-
regulation (5) and (6) shall be repeated. A misfired hole which cannot be dealt with in
the manner so prescribed shall be securely plugged with a wooden plug; and no
person other than a blaster or a mining official or a person authorised for the purpose
shall remove or attempt to remove such plug.

When a misfired shot is not found, or when a misfired shot is not relieved or re-
blasted, the blaster shall, before leaving the mine, give information of the failure to
such official as may relieve or take over charge from him. He shall also record, in a
bound paged book kept for the purpose, a report on every misfire, whether
suspected, and whether relieved or not relieved. It shall be the responsibility of the
relieving blaster or official also to sign the report and later to record in the said book
the action taken for reliving the misfired shot hole.

The blaster of the next shifts shall locate and re-blast the misfired hole, but if after a
thorough examination of the place where the misfire was reported to have occurred,
the blaster or other competent person holing a Manager’s or Foreman’s certificate
appointed for the purpose by the Manger, is satisfied that no misfire had actually
occurred, they may permit drilling in the place.
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ANNEXURE - 1l
DGMS Technical (S & T) Circular No. 1 of 1995
Sub: Danger due to lightning/storm during blasting operation in mines

Recently, three accidents took place due to premature blasting by lightning when persons
were killed/injured/escaped while they were in the process of charging explosives/connecting
detonators etc. These accidents occurred as mentioned below:

1. While 9 deep holes and a number of secondary holes were being charged to be
connected in series and fired, a lightning discharge due to thunderstorm caused
premature firing of the deep holes, killed three persons and inflicted serious bodily
injuries to one.

2. While a Blaster was carrying 100 primed cartridge of explosives with electric
detonators in a card-board box on his shoulder, the cartridges exploded suddenly
resulting in instant death of the Blaster.

3. While a Blaster and his helpers were about to take shelter after charging of the
holes, suddenly there was a lightning/thunder-storm resulting in premature blast of
the holes. Persons escaped unhurt.

Accidents due to above causes continue to occur despite very clear safety precautions laid
down while granting permission under Reg. 106(2) (b) of MMR 1961 and Reg. 98 of CMR
1957 and also Circulars issued by DGMS recommending additional precautions to prevent
such accidents. These precautions in brief are given below:

1. Shots shall not be fired except during the hours of daylight or until adequate
artificial light is provided; all holes charged on any one day shall be fired on the
same day as far as practicable.

2. As far as practicable, shotfiring shall be carried out either between shifts or during
the rest interval or at the end of work for the day.

During the approach and progress of an electric storm, the following precautions shall be
taken:
(a) Neither explosives not detonators shall be handled;
(b) If charging operations have been commenced, the work shall be discontinued until
the storm has passed;
(c) If the blast is to be fired electrically, all exposed wires shall be coiled up and, if
possible, placed in the mouth of the holes or kept covered by something other than
a metal plate,
(d) All wires shall be removed from contact with the steel rails of a haulage track, so as
to prevent the charge being exploded prematurely by a local strike of the lightning;
(e) If the firing circuit has been set up before the thunderstorm came on, the persons at
the site should withdraw at the earliest and the blast should be fired off
immediately;
(f) All persons shall be withdrawn from the danger zone.
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10.

11.

12.

13.

ANNEXURE - IV
Procedure for Warning and Withdrawing of
Persons from the Blasting Zone

The Quarry management should employ persons possessing statutory qualifications
of Blaster’s Certificate from Directorate General of Mines Safety (DGMS) to handle
and use explosives. The Blaster will be in-charge of receipt, transport, use and return
of unused explosives and accessories.

All blast site employees shall follow the instructions of the Blaster and they shall use
and adhere to every precaution to ensure employee safety including, but not limited
to, visual and audible warning signals, flags, etc.

The Blaster should possess the Exploder Key with him during the entire process of
charging and firing and he should not hand over it to any other unauthorised person.
All shots will be fired by the Blaster himself.

The blaster shall keep an accurate, up-to-date record of explosives and blasting
accessories used in each blast and shall keep an accurate running inventory of all
explosives and blasting accessories in his custody.

The Quarry management will maintain an inventory of the explosives and accessories
received, issued, used and returned in a bound paged notebook kept for the purpose.
A competent person will be in-charge of these operations.

The storage and handling of explosives will be in accordance with the provisions of
Explosive Rules.

No explosives or accessories shall be abandoned.

Smoking, firearms, sparks, open flame or heat producing devices (including cell
phones and battery operated watches) will be prohibited where explosives are being
stored, handled, transported or used.

Electric Detonators shall never be pulled, stretched, kinked, twisted, mashed or
abused in any way which could cause the tube to break or otherwise malfunction.
Electric detonator connections and splices shall be competent and positive in
accordance with the manufacturer’s recommendations.

No blast will be fired if any person is present in the vicinity of the blasting area. If any
person is present or any operations are being carried out, steps will be taken to
withdraw such persons or suspend above operations completely.

The Quarry management will establish a code of blasting signals as noticed below
and all blast site employees will be familiarized with them: It is obligatory on the part
of every employer and other person in the blasting zone to adhere to the code and
keep away from the blasting zone during the blasting operations.
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o contain audible pre-blast and all clear signals

° contain an emergency method for guards, flagmen, or authorized employees
to signal “do not fire’, and

° prohibit sounding of the all clear signal until the blaster has checked the blast
site for misfires. The following table that would meet these requirements.

Signal Meaning

A one minute series of long hooter / siren / blasts 5

WARNING SIGNAL . , )
minutes prior to blast signal.

A series of short hooter / siren / blasts one minute prior

BLAST SIGNAL to the shot.

14.

15.

16.

17.

18.
19.
20.

A prolonged hooter / siren / blast following the
inspection of blast area.

ALL CLEAR SIGNAL

Blasting flags (red flags) shall be displayed around the blasting zone before blasting
to facilitate clearing of all persons from the blasting zone.

Flagmen will be safely stationed on all sides of the blasting area so as to stop any
inadvertent entry.

In the event of any misfires, the blaster will determine the suitable method(s) to detect
misfires and take preparatory steps (e.g., noting obvious indications of misfire, or
other appropriate means). Misfires shall be handled in accordance with the
requirements of Metalliferous Mines Regulations - 1961 (given in Annexure-ll).

All lines shall be carefully traced and a search made for unexploded charges before
giving all clear signals.

No drilling, or loading shall be permitted until all misfires have been cleared.

The safety zone of 500 m is to be maintained at the time of blasting

All blasting operations will be conducted between sun rise and sun set (during the
daylight hours) and preferably during a specific period of time like 12.00 noon to
3.00 p.m.

*kkkk

k%
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ANNEXURE -V

The monitoring instrument (S5) is located at the distance of 282 m from the blasting
site (B8)

- .

B e Tt Tade (32 SR RAE .
m the blasting

_ . T s Tty . A8 _
The monitoring instrument (S5) is located at the distance of 282 m fro
site (B4)

it -
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The monitoring instrument (S3) is located at the distance of 174 m from the blasting
site (B6)

oY) l
The vibration monitoring station (S1) is located at the distance of 297 m from the
blasting site (B2)
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The monitoring instrument (S3) is located at the distance of 465 m from the blasting
site (B4)

"

The vibration monitoring station insie the Temple near to Kadavila-1 Stone Quarry
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ANNEXURE - VI

Suggested Blasthole Patterns & Initiation Sequences

Froo Faca

a}:}s:{sasl'sl'aaa;;;;as
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= Dasnnitor e wire ) shettiing satve
L1 aeling thiwy Untrinininre oF v exbay b

Stnamane
G-I etz s

Multi row Staggered blasthole pattern with ‘V’ initiation sequence for
benches with SINGLE free face

Free Face
.’"'};aa,a&‘&a/a_

W L L i ‘T"

Froa Face
$

— Outmmaine \emt wirn [ shanfieing cabile
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Multi row staggered blasthole pattern with ‘V’ initiation sequence for
benches with TWO free face

Free Face
}
’ ‘01‘
7/ /
| \""\s NN o_a//
e — Datanater tosd wirs | shotfring tabie
— L IUeatey Stluy dibanatony Ul b dilag Wiy
0 Plathg it b2 Sexn

Multi row Square/rectangular blasthole pattern and initiation sequence for
benches with ONE free face
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Mo. 2438/DOT/MLZD20 Department af Mining & Geology
Dislrict Office, Thiruvananthaplram,

Kesavadasapuram, Pattom Palace P O

Thiruvananthapuram G25004

Phone 0471-2442055

eMail: geeihi dmg@ikerala.gov.in

Catad: 1671142020
From

Thea Senior Geologizst
Thiruvananthapuram

To
Mis Adani Vizhinjam Part Private Limited,
2"Floor,Vipanchika Towor, Thycaud,
Thiruvanathapuram District -6835 014, »
{Registered Office at: Adani House, Near Mithakhali Six Roads,
Navrangpura, Ahmedabad, Gujrat State-380 009
Represented by its Chiei Executive Officer, Shri. Rajesh Kumar Jha)

Sir,
Sub-Approval of Modified Mining Plan — Granite Bullding Stone quarry
in BlockNo 37. Re-survey Mas 555/2 (Gaovl Land ) Magaroar
Village, Chirayinkeezhu Taluk, Thiruvananthapuram District-reg.

Raf- 1. Kerala Minor Mineral Cancession Rules 2015,
2 Your @pplication dated 081172028

The maodified miring plan for the Granite Building Stone quarry of s
AdaniVizhinjam Part Private Limited 2" Flaer Vipanchika Tewser, Thycaud,
Thiruvanathapuram District -695 014 (Registered Office at Adani House, Near
Mithakhali Six Roasds, Navrangpura, Ahmedabsd, Gujrat Siate-380 0DOZ)
(Reprasented by its Chiel Exscutive Officer, Shri Rajesh Kumar dha) in
Block MNo. 37, Re-survey Np. 3555/2 {(Govt Land }Naparoor Village,
ChirayinkegzhuTaluk, Thiruvananthapuram Mstrict. Kerale for an axispt of
3.6630 Hactares is hereby approved vide the powers delegated o the District
geologist for the approval of mining plan for the minor mineral$ |esued undar

Rule &8 of Kerala Minar Mineral Concession Ruiss 2015, wlth the following
canditions:-

1) That yau will follow the presoribed Rules & Regulations of Central
Governmant and State Governmeanl Issued from time to time in regard to
mining

23 That you will follow the Mines Safety Rules & Regulations.



3)

4]

o

That you wll| stors the mining waste In the earmarked location/ dumping
vard only.

As spealfiad in the plan:

5] That you will carry out the plantation as cothmitied in the plan

)

7

8)

)

10)

That provision shall-be made for the housing facility for the labour with
all basic infrastructure facilities including safe drinking water, toilats etc |

wiihin the site

That mining In accardance with this medifiad plan shall ks commence only
after ohtaining necessary clearance from SEIAA, and revislan of iease
agrder by the Direcior of Mining & Geolegy.

That the yearly produstign shall be  restricied to (1) 2020-21  (Ociober
2020-March 2021); 1,680,000 MT (2} 2021-22 | 5,000,000 MT (3) 2022-23
4 20,000 MT (4) 2023-24 8 750 MT and if any deviation is required the
same shall be Intimated In advance.

if any information or data furnished by the proponent and included |n this
ptan is found errongous or fake, the aporoval of this mining plan stands
imvalld

That the applicant is bound to satisfy the dues if any detected during the
proposed survey fo be conducted by the Taluk Surveyor as committed by
the lesses in this pian (Annexure 18},

Yours faithfully,

f Ao

Senior Geologist




Modification in the

approved mining plan & modified
approved mining plan

including Progressive Mine Clasure plan
Prepared under Rule 56 {2) & 58 of

Kerala Minor Mineral Concession Rule - 2015

for the Building Stone Quarry

Situated in Re - Sy, Block No. 37, Re — Sy No. 555/2
(Govt. Land) of Nagaroor village, Chirayinkeezh Taluk,
Thiruyananthapuram District - Kerala Slale.

Type of Land : Government Land.
EXTENT : 3.6630Ha

M/s. ADANI VIZHINJAM PORT PVT. LTD,

2" Floor, Vipanchika Tower, Thycaud
THIRUVANANTHAPURAM - KERALA

PREPARED BY

KaRnTHARAL. K. ﬁ
‘ " 1I|I':I|:l‘l1 i
RQE/GOA/ 130/ 2000 / A Vet
ORPHOSIS SEOLOGT
METAM oyt

#200, 2% Tloor, 400 Main, 157 Cross, e eewifis S
Behind Silk Board, BTM Layout, _——
2™ Stage, Kuvempu Nagar,
Bangalore — 560 068
Ph:+91 50 2678 3006
Maoh, +91 9448584321




= D’j:—TEWmJ A HEl
|K:J/7 I__ll_?“";\ U __| HE% j\J :lu




This s o cemily that the modificstion o <he upprved Mining Mlan & modifel mining,

plan incladicg Progressive Mipe Closure Plun ol Bullding btooe quany situalec ol Be -

Tl i3l Thinmarimihanurant District — Kersla @ale, eoends over an arca of 3.003( Ha,
of Mis Adani Vizhinjom Port Pyt Tad, hos preparcd under Rule 56 (2) & 38 of
FOARICR 2825 by M:, KANTHARAT K

This i W reguest the Uegartmont of Mming and Geolagy, o make dany lurther
shresponcense eparding any oerrection of 1ke Mining Plan wilh 1he sad peognized

porgon At ik eddreds helow:

KANTIIARAD K
WETAMOALHOSES
Head OfMice

200, 1% ke 2" Flawr, 407 burm, 19 Croas,
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W hierohy undotmks chat gl misliGegions ¢ ypdating 2s made m (he =aid Mining plan by
He gaid recopnizel person be desmed to have been made with owr koowlodge amil

rmsen| ancd shull e accspable on s and Pl i wll respects,




% ILis certilled thal the Progressive Mine Closwre Plan (ig the aporoved mommg plun &
modified mining plan) of Building Stens quercy sithatod af Be - S Tiloex Mo 37, B2 -
Sy Mp, 3552 Govk Lund) o Nagaoor  villupe, Chizdvickeezd laltls ol
Thiravaranthasaam Disteiet - Kerla state, sxiends over an groa of 3.0630 FHu, ol Mia,
Adnni Vizhinjam Port Pet. Ttd,, Cumplies all satuony wles, regalalioms, ordecs made
b the Clentrul (i St Covernmess, Stanwory Organmesions, Cowt encs, which Gave been
lken inds contideration snd wicTeyer ymy speaic permlssien s loguired The ludsee wi'l
aparoasn the consoracd authurfies. The Infermanon fintested m lEe Progressive Yline

Closure Plan 15 true god vormect & the best our-knesdedge and record
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[Tie provigion of Mines Act, Roley and Reoulations made thoro umder hove b2en
abserved - the medi Asd i the approvesd Mimng Plan of Bubding 510 quarry situmLed
sl Re - Sv. Bhick Moo 37, Re — Sy Moo 550E (Guyvi. Land) o vagamor yiliawe,
Chizavinkeszh Lalule of Thitovemsmihuporsi Disteiot - Koy siale, exlendls ovge an qez
of 30630 Ha, of M5, Aduni Vighinjom Port Py, Lud., whers dpeci e porilssions e
regatired, the upplicant will approacs Diraelur Oeneral ot Minse safery, and furfner Lhe
Standadids prescribad by DOMS Tnrespect of Minses Heashowill be shielly fmpldmentzd

For ADANT VAT IS IAM PORT PVT, 17T

DA TE: 0571 L2424
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medificalion w the sproved NMinme Plan & moditied mnimg plan of Buldm Slne quarty
situgled wi Re - 5§ Tock Noo 37, Ke 5y Noo 5550 (Govt, Fuamd) ol Mapzreor vilfass.
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3.6030 Ha, of M/s. Adani Vizhinjam Part Pyl Lad., wherever the speafie pormissions are
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RIEILIFLLA IOM (8 THE APRPROVTD MINTSG PRAN (8 CLULING PROTRISEVIE SN LLOSURE PLAN) OF
ARANI VLN IAM 200 ey L L7, THIREVANANTITATTIRAM - KEWALA

MODEENCATION [N THE APPROVED MINING PLAN / QUARRYING PLAN AND
APPROVED MODIFIED MININGPL AN OF “BUILDING STONE QFARRY OF
MA. ADANT FEFHINIAM PORT PRIVATE LIMITED
sitnated wi Re- Sy, Block Mo, 37, le — Sy No. 35572 (Govi. Land) bn Nagaroor villase,
Chiravinkeezh ‘Laluk of Thirvvananthapuram District - Kerala state. extends over in

rea of L6630 Ha. (Frepared under Rule 56 (20 & 58 of RMMOHE 2015}

LA ERODUCTTON,

The Adani Group s ang of lndia™s leading butiness houzes bazsed nl abmadehad - Gujurat,
loamedesd 0 1988 Adani hae greewn 10 beeome w plobal ntegremed miTasinicions alayer witkh
ongmesses mokey mdusiry verticals  Mesourses, mocoal mining and meading: Logistics,
which i3 sprogd meross ports, Jogistles, shipping and rail; Tnergy, with remewnble,
thermal puwer generation and transmission businesses and Agre commaditics and
uneillary industries, The Inteprated mode] 9 well sdapled o the lnfragmadiune challgnges ol
The CTICTEIN, Bemiimm s,

Adun| Ports and Spectal keonomic Zone Timited (APSEZ) i= sromated by Adani Tirous,
which is e ol Indin’s Jarzesr business conglomeraies: T ne USE 11 bn Cronp R inierests
ACIDEY SeEaUTERs)

afvi ar [ndia’s Imternational mode 15 (hrowghils ports, where Aden represent 24%; of the
counlny’s oot cupaeity: and oandle 13% of the couwtry’s seabome gargth Adani iz’
Zwotprimt 15 spresd agross the Indiss coastlloe with porle al 116 diffecein lacations, Adamiheyve
potis et Munces, Dabel, Tuns (in Tekeu), [oeica and Mormsgao. on the west coass Dhama
undd Visalthapstnait oa the Sast coustl and Katupalli and bonere on e southern cosst of
Imdbia, Now contuiner Cranssldpment terminal is wlse upeowing Yizhinjdm pord in
Thirovannnthaparam, Kerala.

Aduni Vishinjum Port Pet, Ltd., (AVFPL): comparty belonps o Adani gmous, hoving
taglr R-:gistcrm:l alfiee 4l Ahmzdubed — ujseat, and the loce! plliceat 2" Ploor, ¥ipauchika
Tower, Thveaud. Tninreamantbapuram = 695014, [he sard company 15 & privas=s lmited
sy register witer Companics Act, 2013 bn 27 uly 2015 A cope of the inssrporation

carftiedle 1w erulnsed ud Anneore Mo, 1,

. 1A '-.,..-"ﬂ"-
i e l"\-L'I--"" %
/ -
=) MANTHARATK
Vo BOPAO0A 1207280 A

) e Tl b
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MUDIFUCATION T TEE APPROVED MSNG JLAN (NILUTIRGG PROGRESSIVE MINE CLOSURE PLANYOF
AR VIZEERIAMPORT PYT LTD, TITRUVAMANTLAPULAM. - KERAL A

Purther & cooy of the MOA &40 s enclosed ag Annexvre Noo2o Mr. Kajesh Jba is the
Chist Executive oFicer (CFEO) anl sulfinrized ‘signstory of the suid goary Ioe ali the
uperatine, A cope of the board of resplulion passed by the company ix enckised as
Annesure Nin 3, A gy, of the phota [0 snd adiress prond of the authorized siemalory 63
enclozed 25 Anmexuro Mo, 4

Sifiue 1He sntive quassy area 15 falling under (fovernment / Paramboke lend MOU bas pecn
phimimed Irim the Dizties coltedtor. A copy of the NGO receivec Tom the Themel Collector
siang with the fesse skeich (s enclozed as Annexure Nu. 5

[he compeny le invertons infmshiociure and constroction sotivities, ey have been avwatded
by the Government foe the development of ¥irhijwn poce at Ldmvanahepuram, swhich (53
mational dovelormenal wetvicy. A cooy of the seme s enclosed o6 Annexure No. 6.

I view ofthe above, for the development of thie port, Bulldmy sime materiad 12 oue of the
muiar faw material, 8o the sonmany erplied fr e gract of quatry (orse for the sume. There
afler Depurtmenl o Mining and Geology, Coverrnenl ol Rerata graafed the lease -
extraction of tha Ruilding stowe Materis., A copy of he leuse deed is 2uclesed oy Anncxore
Mo 7,

The mintteg £ erisiery pides s prepared Tor o meciues progaciior of 302000 wnnes e

vem dduring the thivd year ol the olon seriods and the s wies apiravied By e Dl

Citlea: Dapargment of Mining wad Creaduer, Dhirivanamiiapioram elde theie oifies Tetrar N
TR L DO ML 3618 dared 7603 2008w copy of the appraval frier uf the mining pian s

griinred oy Anpexure No, 8

Furpisy Company by obtaiied the Raveongental Cleargmee fram SELLA for soid oy

e w prndedion eot excéeding 100 000 tnnes B iwd véars (as per the coadition o, 14

of  FEnvirgamenia! (learance) g copy of the Bmarpament Clarronce v sncluved oh

Amuexare Ng. 8. Awnid lin seled St i firgher arfiing may he gonvidsved bafed an ihe

reguirement and Srvironmertal of et

I wiew of the abovy e goproved mening poanool e geoeey undergone modyicalion

gecardivaly for ora yeery wndes Rl 36 020 & 38 of KWCE 2015 anal gupi eyl s
bRy L

biatned for the tame A aoape of the magiied mipne plas goorovel feildr i3 sncloied g5
i i i 7

Amtiexare Mo, 4l

IMezared by antaare] K — Meotamorpoesiy anggtone Wy r = Peam 2




MBUFLCATICN (M THE AFFROVER MINTHG DLAR (INCLULLHG PROGRFFSVT MR CLILRL PLAM] L
ATIANT WIETTHIAM PERL IS LTOL TERCVARANTIEATIRAY - KERALAL

As ey the condisioe fmid divei B the Bnvirimomental Cldaranos wWils candifion Nae 14 firther

mrindmy iy b consigersd hased on the reguariment gad Envirenimaniel ayseryment Since

she develupmen of port s defprred Ao apatn fite gporpved pining plan andd the approved

maditind mining plan needs 10 he modifled e thive Years (Le fram 2020 24 2000 22,

™ote o

Cansidering the soid modiffoeiion only the relevan ehipery £ pard2rapns (SUCh reseras

Producrion Prooarme Comedptul, Knvirpumenr and Progrgiie pune olosurg], Plas /

— el

.-_1':_-.:4”..-1-.;-.-! Hife Sirfaor plar, Frodustan alan, prodieTion Aeotion, condephae minn o

Progressive mire closied glan are modified acookaingly whild the mchiEngrd o redeined oy

i pe Wheee aver the modifcarion’s porasrophs o rhoplecs_ure ndlegied I falle end

wiperiiEe g

A Tioch mup showing the above =3id arza duly signed by the willage ofdor 5 enclissmd s
Plate No, 3 & Surves mups showing the sald loase (leass sketch) duly signed by the villags
offizer ls caclosed =s Flate We. 4. The suicl ares iz marked an the google image and enclased
wr Plate Mo, 5,

L. GENERAL :

a) Mame and Address ol the Lessee:

Name of (he applicant Adam Vidimun Pert T, Lid,
[Represotsod by

hdr. Rajesh Karar Jos

Chiel Tuecutive Officer, {CED

Address 2 [logs, Visanchiks Tower,

| Thyestnd, Thiriywiatthapor
Dristrict Thiruvapantkapnram Y=
Siate Foerala
Fhone -
Fax nil
Fomail lenita ‘-"i_l:'n_ljy:lli.l-.!':ﬂ.::[:'l['.-ﬁ.i'..EDI‘;'I.
Maobile 5] GOSI0T T

Vir, Majesh Kumar Jha i3 the ohiel esecutive officer (CECH and aotorized zigning
aulheriie G e operebion Of the sald quamy. Te tns efl=ct Larard of rosalunnm wus pusssd
and a copy of the same 1soencksed o6 Aupexure No, 3. Further o oopy of the phate 10 and
address proot of tae Anthomzed siimadiory i enciozed a5 Annexure No. 4.

Prapmral by Eaiilasar i - oo plioais — Baniilors Piapail




RDDFIC ATION W THS APPIOVI MINHG JLAs (5 CLURING PROCGRESSTYT R CLANLLE Sas OF
AN dadd DO T YL LTI, THIRDY AMANTHAPURAR. - h—'-la.-'-'l-l_-'l_

Iy Ntatus of the Applicant : Private Linted Cormppany
) Mineralix) which is ¢ are incloded o the prespeetisedieense (lor Fresh orant):
Clhamaockine us Hunlthng Slone Material

) Wincral() which i3 / are included m the/ wre meloded i the leiter of Intent /
Liease decd:

Chamookise s Bulding stome Muteria!
£l Minaral(] which is the applicant / lessee intends to mine:
Charneskite as Buildmg shme Masenal

fi Name of the Recopnleed Person preparving Mining Flan:

Name RANTHARAL K
Adidress METAVMORPHOSTS
Head Office
5O, 2P i, S0 Maiin, 1*' Crass,
Behlng stk Based, BTN Tasnul,
T erea Knvenim Mugar,
Manpgiore - 30 Ui

Mhone & Fax 418 26783006
Mabile =41 P44 RD R4321

TE-wadl k._&mha:ﬁj]-.:-;’r]_;n'.:l:-::111':r1'.~]11|::'|~_~-'lndi11.c{‘.u.1.,
Roegivtration N, ROP/OOA S 130720007 A
Valid up 3 (etpber 2022

A vupe af O centizicate is cholesed 25 Anneawre Mo, 11,

‘ teprrod ko antharej & - Metemorphosts . Dangelore |'n_-*.:‘-




M AT LN N LU ALY B SINTEE LN TG TN PRUCALSALYE MINE BLOATET 3045 OF
AT WTZITIEANM PORT VT LTI TEHRDV AN ANTHAPTRAM - ETRALA

2.0 LOCATION AND ACCESSIBILITY:

a) Lease detaily ¢

The seid progosed guamy area falls in the Re - Sy, Tilock Mo 37, He - By o 355/2 (Gavt.
Land) exterds ever an arsa of 36030 Ha of Magwoor villaps (Kedavila), Chirayinkeszh
Taluk ©f Thiruvaranibununn Dhiscrict - Kerala stase, The gad wres les towards soothwess of
Manarootr village at & disterce of 120 %m« d@ud lies wowares porth of Kedeeila Dus stop aca
distunee of B30 bmE approximiately {(dislenees ore serind distases) Tms lenss nmea s
spprnschichle by all-weatber radds 1o fothe up to Kadawiba bus stop, thereafier a kutcha rea
torwards north will Temds jo urge .

Thiruwveranthzpuram 15 the dismict head guarter pnd stuee’s capizal 100, which wal o dxlonee
of 350 kmw (hy rewd) owirds sooch of guarmy ares & (Thiteymkeszh 13 the Talug hioao
charter which ¢ &1 w ifxlance of 13,0 kms towsrds sovtoweah, where Al the [aitastoactire]
[acilities are avallable, The nesvest wimport 3 a0 Thirpvangprhapuram el o diswnoe of 20,0 km
sund s port al Kolla witieh s ar & tfismner of 30.0 kms. The neares milbesid om Froad-
paupe s Chimankessh which s at distanes of 9.0 kms,

Topusheet No. with Latitude & Longitude of all corner boandary peoints | pillars:
Thiy erea [alls under he Survey of lodia™s Topomap Nu. 380D /B3 & 552D /14, Sine the

opomens of Kevals are revincled the sune me qo7 availshle The sad quamy avea falls
netwizen the peograplieal eo~orinales e

Lamiace [y E'—-r3' 42,!531 _"“I- to unq:q 5] AN
Lenginude | 76050" 1526 E o168 300 23,2456

; ST
Totaily there are 3 cormer pliars; where ull the Jatiluce snd longimeds are recarded ardathe =

seame e lurmighed below! R - ':_ }x:':_}:‘.:"ﬁ,.
| Roundary | Latitude : N | Longitude : & ’t_..tk - Ay
Fillair | D | M s n o[ M 5 |y i
1 W 4 |TA508 % 50| 53 H:—:ﬂ’; o
2 o8 | 43 | 4miz | 76 | sl 17 .
! 08 .uﬂ" 3174 | 76 | ] | 1124
z SR EREEE)
3 is | 4% aim 7 | s —I_IS.E?‘

Frooared b Foamthazin K — 3 samorphiogli Hangslarz, Puge3




RECIDIPECATINS |5 LLE AYEROYED RINTHG PLAN [TMETUDING TEEVESSANE RINE TLOZTRE BTAN) 0T
ATRART U LHTMIANM MORT VL L SR a0 A THASTRAM - SFRAT A

Hewever the Latdimde sad Lommiide siv revemded of 20 the comer boundary pillar i= ulba
demoted on the Sarlece Man enclosed as Plate Wo. farl the ares iz marked on che googie
sxteslhile ymipe ond enclased a2 PMlate Mo 5

YWimme ol e Mine

Chareciite ws'Budldliz Stone DuRmy

Dute of Crunt of Lesse & ¢ Conse is o fresh g, aranied and exesured an 234052019
Feriod / Expiry Dute toy 2LAISA0AS fior s el o five 030 yesrs,
Name of the Lease holdoer 1 Adani Vizhinjam Fart Py, Tid.,

Mir, Rajesn Kumar Jag— Avthonized sipnatory

Adldriss o 2™ Plonr, Vipanchikia 1ower,
Thyeaunl, THiruvarinthapicam..

Diistrict 1 Lhiruvsisanthapism

Hinte t Bzrala '

Fhune L Y R b

Fax ol

Email ¢ kadewilzand @ mme e

Maolile SR B 1IN [ e et

hi Dutuily uf epplied ( jense area with location map (frish wrea ! mine)

Taresi | Mon Forest
Farcar [ Specifl  Arcs o e Arcainllo
- 1. Wasic Land
-- 2 Grazing land
= 3 .*v.gﬁ.uu]lunll tand
= 4 (phers speeify - Govt, Jand 36630
Lotal ' = Toskitl | 24630
Total lease arca | spphed-uees : 3,064 Ha =
i

Dintriot & Siate Thiruvanunthapuram and Hﬂr,fl_iﬁ
Taluk i Crrayinkesezh Village: : Nagaaar,

Fxislenve of pond rallway line, if any nearby approximate distonce:
Fuhlic osd commesting hetwesn Alumcode  Nagarcer es siwanls south of 1he quapry s
wlitch Is af a distance of 050 kms, Moam central roed (MU Resd) vommecting helsaan
Tivundrion o Kerayam lles towards easl of the guarry wrea walel is a7 g dstanee of 6,50
ks wnd che Walional Thobway soeiectme belesen Thiroviounthaouram 1o Kool e

Brrpered by Komibmen e Mabsosnrplhiosis — Bargilo= Face.i
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R AL I CHE AFFRTYET ST P AN (M LD FROEFASEROVE S50 DL AL A G
ATIANT WTETTTHEAN LR PVUE D, TAEIYANASTHARIRAM - SHRALA

rwards west of thic quarry ata distance of 920 kms. Ve nearsst raifway lneand station on
Nrupd-pauge ls-Chiravinkaczh whick is 8t distence ol 0.0 kms?

c| Attach a general loeatinn map showing area and sccess mutes, 1 s preferred
that the area be marked on a Survey of Indis Topograplical map or 2 Caduasirul
map 0 Forest map as the case may be. However, if none 2 of these ayatiable the
arga may be shown on an adminisirative map.

Tte sald amez is domatked on the ke plon showing the lseation mid surmounding tedturss Lp
L 500 ks rading Is encloscd as Plate Noo 1, ihe Jocutiog of the said area is macked ¢in the
Horals polilica! mup wd snslased 25 Plate No. 20 The applied area |s marked or (e Rlock
map ctclosed a5 Plate Woo 3, wosurvey map ¢ sketeh showing the applied ares isaned by the
Thasitdar is enclosed s Flate Woo 4. Turlbes the said quamy arss = shown o the Google
casbed Tt Prdee enelosad as Plate Mo, &

ER || DETAILS OF APPROVED MINING PLAN / SCHEME OF MINTNG (il any):
31 Date and refervoce of carlier approved MEP [ SON

T minine ! guorre plon vigy preoared for the maxinm seaduetion af 5.0 2000 Gy s
I

o {oluringy dhe third vege of the pian prriod) ol e same wor gpprdved by sad Disieic

fice, TDemarimend of Minime wed Grifapy Thirsvvrmihumecan, vide theiv officd lader Vi
746 S DT FME S 2018 dated 2608 TN, g covw of thr approsed of the sitkine wian is

erciored ar Anexare Mo, £

3.1 Details of lpst modifications il any (for the previeos upproved period) of
apprived M SOM, indicating date of approval, reason for madification.

prars prgpared wnder Ride 56 (2) & 38 pf KON 3003 god opproval wer obrataed fop the

sare A cotw of the approvial letter s encloved s Angecure No, 16,

13 Grive reason of earfier appruved propogal (i any ) in respeet of exploration.,
cacavalien, reclamation e,

NI APPLICABLE

L Exploratinn : NOT APPTICARLE

Frécamed by Wapthira] 1 Metsmmgrphiogiz — Bangelare




SIOEA TN (M THE APPECWED MM TLAN (INCL LS G PO SSIVE TR CTORTTRTT AR O
LA W LALIS LA e Ll THI W AR ARTHAPTTAM - KLERALAL

i Mine Development & Exploitation

Subsegen! o the commencemont of the gueres, Muilding Nipee was dxcavgrond Gslow wrhle

shenis the prapred and aohisiad dhiving the fasenodifed spproved mitme sdas periad

Year Kl iy

Fropoved As per Freest Achisved, | Builfer

KOMPALS fanidnd fraaprectarl 1o LA
(Nale) il S ek
i Yeur - | Q90373 | LeLriaRe| 25058000 2J4iEs Py Cangidered |
g - . axy
Inid Fear J 00825 2T AN - R i Froctuitin
NG -2 2 ?ji,.}.".jj M AOE
Total TG 46434067 20017 R, 11,0983 | ealculated
447394

Lokl production during e veay 2000 — 20 dechuding bufer Zone wor king 742,25, 259 fonnn

Rt

v teopes JI 3TN0 higuies ore poumded o rgar finies

T wpart Fom KONEA SR fi e pesr JUEY B awd 2020 = 30 (0000 2025) ix enciozed
g Apnexyre Mo, 12 & 13 rexpestively

i} Balance reseryes:

A5 on AITTI2020

| - Trstine revervey I Lirrdd & ivi-fomaes \
e ROoM

Lotal Exfructed Bulunce Wavie Rock
Mieable reserves P EIRTS0 257398 Bh 1091359 Cunsideredat
Mlucted regeeves j'-.k,l'-"__‘.--'_'-'-'_'-' | NG A BRI T,
Crenlmgrical rexervey SLYG6. 250 | 408,454 "-';I'.E,E?l iy ‘

Nore : Geological Reverves = Migeghls Bdterves - Blockad Reverves
LT ! i

53 inddicates. the bilanee reverves arcived after deduiding the pvivacied guartite (a5 oer fdis

ELHHASK) from the resorvey exiimated i ibe Hme of sregaration of minfagplicl

Thie hofumie réiervds dee arrived after dedieting ihe extrocied guantity from ihe Resorves

Further, the Oealopical plan wnd Wi Gealogical Crpys ¥ectidny eré updtved @9 on

Ne. It Iz

Hreporedd b Wi ldima) K - wfeideieplosiz — Babigulody % T SN Pued




P AL LA TIOM W TES AFRRTIVET RS IR DoAm sl L LW G PRONTRTASTVT 1ML CLOSURE FLAME 5F
ATIAH] YL LARD DO Py ETE . TR ANANTHAPIEAM - Keliala

) Launil Reckhgation & Rehohilitution, | SNOT APPTICARLLE
vl Waste Vianagement. : M| APPLICABLE,
vi) Pluntarion. : NOT APPTTICADLL

Ihnirisg ehi year 2179 — 20 T saplings hias bean planted covering an aree of TR0 T,
withinn the safety F baifer arda of TN m eadindy e loga! species huve bees ploiteid

e o

PHOTOGHAPFPHS SHOWING THIE PLANIING THE Fg__&?'l:lﬂﬂ:
-

o
At ‘—_.'L“:--!":-h
- s 8 %

T . 5 e : t PR, il T
Bremmed by [SimFidia) B Victareorphosis — Buoizlie b2k &8 .4*1'# I."‘ _Irragﬂ 3
III-.‘l'“.: o 1;.-- | lf
j e £
B, AN
o



MUDLE CATICN IS THE APFROVTTT MM MLAN IHCLUDING FROGASESIVE NN CLORUEE PLANY CF
ATANT VAL AN L B LD, TEIRIREAN AN THATLIMAM - LEXA LA,

3.4 Geive status of complianee of vielations poinded our by DMG.

M Adani Vighingim Pord Prd. Lid, ore iv evpeigt of the wovices wpnsd np DM o
caroreeion witk minine i byfise zong ond enceid Igeded tonnage, e Gemand moice i iz
samir grea ancioved oy Annexare No. 14 & 15 resvenitvaly

I vigw of the receior of the deroend notice, M Adant Vizhingime Pove Pyt Fid, s poded s
wigred thuen ¢ feey apgd clegvad the onter o, A ooy ol the fee paid selgntorogs onalli aling
with ehe oovering lever e huffar zone gxrd oxeess loosded tonnaye wee enciosed s Annexare
Moo, 16 % L7 respecrivaly

Furiher, e hevely glare thar, i am exoe s guanditles eifimanas by DG or oy deperimend
“wirlitn the Puffer zone company well oy e foe 7 e cx impased D) the DAG, w0ty sxind

e ara fieemwith arclosies oy affident ev Ankexwre N, J 8.

3.5 Tndicaie and pive details of any suspension ! closure! profubitory order issued by
any governmenl apeney under any rmle of court of law.

NOTARPPLICABLE

Hrapraread b fopnthiea K — Memmorphosts — Bangalegs

Pave N




R CATIG N N LAl APFRDNED KTINTHE PHAN [THCLLHIMG FROGEESSTVE MIHE 71 CIMLEET TN L
ATEANE WTETERLEAN T B LT L s HIRAIN AR T H AT RAN « WAL A

PART - A
10 GEOLOGY AND EXPLORATION,

al Briclly describe the topography, drainsge paitorn, vegetation, climatic, rainfall
data of the wrea applicd / mining lease area:

Toposraphy

The swd propoased erea ecoupies the Jaolated Tllack Tes tvward ook of EadsyiTly inamling
W — 8F. The Hghes) elevauon iz avoar 110 m shove MSLL tewards southeast of the iy
rea (near HE 4 and che lowest elsvation 1 40 noabees MBI wwards aonlwest o e
proposed area (near BE 1 & 2 The lease orea i genszally slappy lowarils north st &
sorilhieast The alope i medarae foogedp. '

Drainage patsrn

There ure 1 iy perennial water course 7 weler badies o sireamsy nallahs withn the quarry
arda. The drorm wiler plsses throngh the minoy water coursss and zets confluence witl: 1z
adjaccar naitah, Aper from Ihis the witer seurce Lo thid arcs 15 mainly smelin wassl, kotie
sinrm warer Hows throush the oarland dreind provided all aeeind the quamry pil and sume will
be volleeled in setling poad. Lae drstmage patlern i this repon s parsllal b sub pearatlel

Vegetation : ‘ot ol the aoner ares i3 broker up, the proksn up arca 13
dewaid of @iy vegelation, the arce which remiamed ui tebrolken and sarmoundme the lease is
ciivared hy spirsel y vepstated.

Climatic - The elimmale ¢f the area iz typical of Weslern Ghats regian It
recerves: high ramtall aod exhibits tempemiore virabinns with mavfic'.njtl.* wurmrmier - il

: : -
1 F.--_'_” _'1.-,\::-.5:-\‘

I Temiperature 3 Felatee Muieddine :J’.-"' ™ \:\
3 R full fl A T
I :{ F g ] -}

i qf-.”" - 1 |

Tem tu '\ o 44 ‘,‘r

prerulure =
Ny, T o A

|'I-\ _._.__"-\.\_‘__.— '|.I.I._'.|
'-..h:_ g 'H'-I-" ro
- e S
The torapersmurs mermially nmgss fom 287 C o 329 U en the plams i drops T abont 20°C
in the hiphlands, ‘|lie Highlands of Kersla, enjovs a codl and lnvigordting climae the vear-
vaund, Chwing 1o 1e diversity lo geopranbical Smlures, the climate condiffon in Kerddu is
diverse,

Eramared B Knibtif 5 Metanomhanis - 2angaloom, - Fage




AATFIETT AT % T AR ELD MINTES BLAN TTSET MG PRGCKESSIVE MIMNE LSRR DAY
ADANT VTZHTRIAM PIRT VT 1R, 1 HEGY AHANTHAPURAR -ETIRAD A

Relativo homididy

In geroral thie relugve hurmddity Lo e ares is observed b he Sigh lGe w s preximity to the
zga. Unning the sunumer 1 varies fowne 36 o Y3, donoe monsoor 1L yorles o 22 to &4l
{sirme e up 2o T and during she sanier il varies 80 m S0,

Haintall -

(fenetzlly shere sre twe mensoons in Keesaln (e onset monsoon 15 known 6s Southwest
Munsion which conynsnee form June and erds i Seplember, e agcand morsaan i3 krinwn
ay ittheas] Monaoms and alsy koown as Reverve morsoan which canunengss mam Chefpber
and cods in Movember,  The wverage raintsll for the bl en sears i '.3:|:|1.iLl:l 3,000 mm
annually,

b Brief deseription of Regional Geology with reference o location of lease { npplied
area:

Kernls State, bounded by oorth latitudes 8% 07 30" anl 127 47" 40 and east lpmmiddes 74237
57" and T7Y24' <7 covers an area of 35864 g ke end 34 |ocated Lo the southwweslem parl ol
the Indiam Pemmsuler shoeld This linear strip of o 19 hourgled by the Western Grhatsnn the
east and the AvAman Sea om fhe west -

P
A
P
i J=

| &

The stale iz diviathls Dnto four broed plysiographic wiita. Uhev arg

() the low-level goastal smip Iringing the Lakshadwoep ses, .

LLi] the fandZformes marked by nlenle cappings between aldtades of 0m -lrlliq|":.| 1m,

@it the Tt hills of Western Glts tangmg m altiuds from 200 to 000 o and

1) e wteeply rding Western (that hill mnges snlhalolades repchiag apto: 2abl m of the
toral ares, 33,953 36 koo erew s constited by bard rock orystallinegs and e rest by
zoft =ediments Lhc ervstallize apmprse chameskies, maiss, greniles, miélusadlments,
iy enld dolerite to meatden the major ones, The sedimentancs aoenr mastiy i the
rorasts] Areas, minerdl depesits of elay, bausis, mare eurlh suticls, giass sand, lroneore,
linestone, goud, graphie, corysooery e, are koown to ogeur o Lhe stale.

The gealowy of Kerdly kindled i Intersst of even the sarlissl wioders o the field. Buchanan
in 1%00 cooned the term “luberite" utter & smdy of the quermies pear Anpad!param (o the
erstwhile Malshar, Gengeal Callgn (1840 — 60} diseoversn praphis oceurrmes i Travaneore
srd wins e ewlisst wostudy the sedimentery Tormutioes atbund Kollame oo the fsier pact ol
toe 190 Centory, Bruee Toote; (1883 and Willham Eing, (1875, 1878, 1H82) of the Creologizal
Burvay of India (751 sook h'ﬁw_-r:-;c:-: aerpss the Stare and resorded thess findings on zeolopy

Preporod by Eactearm K }4‘j|::|-,1[|:||:-r[:|i‘||.‘:-:°a'|-'| Hanzzloic. Faze 12




MSIEBHALA TR i JT1= AFPROVED MINTNG FLAN SINTLUTING, PRCGHHESSYE MIME CLGSURE PLAN OF
AT AT VIR EAR IR PYE LT, T EIEUY AMANTHAPUR AR - KERAL A

=nc mimeral resources. Ino 1907, 0 Goology Depurlment was formed oo 'lyavancors for
svitermalic survey of mingeals Chacko (1528 and Musilenan (1914) made sipnificant

ciitmboliinsg b (he veclogy ol Kemla

Geotozically, Kersls | accupicd by Procambrizn aryslullings, acid o wtrs basic ntrusive of
Archuean o Protercanc age. Terlery (Mio-Pliocone) sedmenlery rmoks and (uatecnary
sedimar g ol Taa) und marine oripin, Both the crvsrallives and the Terbury sediments havs
been sxmnsvele laiorilised Tased an (ke detailed smdics: by GSI dunmyg the lust three
deczdes, the fallowing strgtgraplio sequence has been auggestad.

: naternare | U Pehinle hid
Faidappuram Formstion(mamme)

Periwer Formation] Miviul )

Yivpam Formuliom{uvio-inaring]
Furavavir Farmaion CPataec-rmring

Lasinie
WMin-Plinceae {1 ef—fim-}r'lt'| Warkulli T:JI'Irlﬁlan[.S?ﬂljﬂ'[D}]E andd ol
wath Digmie mierealaliors)
CQuilim Formaticn {Fossliforons ameskome
Al caleameduy mosT),
Meanzair : Gunhm ¢ Dalesite. dyias
Y ounger pranies | adkali pranites. oTaniwR, gr-.—r-uph;.-ﬁs. arit
(S5U-390ma) gtberge:ad Intresive,
F Chamockitesiyoumper) Pasaive chamdcate, mepicnr chamiockile
L4 s el Couribiémite vhuthockite,
0 ','J.TIHhﬁE_lE‘."L'IBS'i.EEI:"'IFIT“JFI*;'._I.;':II Perinthatnanonhosie, Kardkulim kb,
T | =600 a) Aduiealhodu gabhro, Begar dioite
E Basie Intrngives Aypli- Anuear dykes
i (Z2100-15040Ma)
0 liomatitepoeissfalder Camal-  maliles  gueiss with  asseciated
4 sruniund PG 1) mipmatites,  guarby-lelspathic meiss
4 {Pm 2 300-2 200k hornblende  encizs.  homblemls-  hidafits
I N, QUArlE- mica Enelss
& Vengad (AP Group Quartz-mica  schist  nmd guariedle,
| | u::‘ngli:mﬂgt_ze:h
e
e H"'M"n
AT AN
e 45.'“1 \1:. |
AN
F?pu:-::d =g amiare Ko Metaingeploas - Raczalom. _? :— ¥ , Teas 15




RIGTITIEATION T T ATTROVI MESING PLAN (HCLUTHNG FROORASEYE BISH CLUSLIE LA OF
AL TEHE LA BSRET VT DT, THIRII AN AR ILA LAY - SERATA

' Charmpckite (alde:) (4] Mafo pramilils, pyrosdens zranulite. Banded
AEOTTE mEmete qusrizale and pnehsis cliavioekire
Khundalite ;r_}:m_-.p LAk -'.;guarl.-ii:, mulie. gramlis, cale-grazalite

A sanathictle-  &limoniie-condisrite. praiss

R paruesbiotitegnoiss, lephynile

L& " Prrinsuldr Gngissic | Foliated grecile, hornblende gneiss, pink

H Cemplex (POC T (Ap) | oragits gocisa, biotiee e,

A LIRS ER

E m_l_"i.iﬂ-]_.-.‘f;l:ﬂli. hasic | Parldotine, dumite, prrmerite. anobosite

A Compiex {3 100- 3HNMu)

I\ Wvmad Sulist Complex iale- womolive sehist , luwheite quertziie,
{A (5200010 ainphibolie. wals gnmulile, quuris senole

semisl kvanie quarzie. game - silinamie
gaess’ uchisl, tmapnstite quartzits, byanls

nuca selusk

Bage not reoogmsed

Source: Geological Survey OF Inds, Misce lanenns Publication Mo, 20, Gonlogy And
el Resouree: (e States OF [adia Pare TX — Kemula - ¥ay 2005,

t) Detuiled description af gedlogy of the lease arey such ay shape, size of the mineral
{oredoposit

wisst of the quimmy arsa (5 ciposed by Charnclale (conunsrelaly knuwn ws Cramielanly
wiwards the pok of the guarry arces part 14 covered by topsell with the thickness varing
(rovm &7 5m & LLOD 7o

Ve geologieal parametsrs / foatares of the ore body as abtained fom the Ael] mupaimg did
sxploatian studies seveal the following,

General strike - AW - BE with tocal vanation of [ S¢ 20 Y
Tiiber dide. b A,

Dip U - B0 dipping norbedy 1y e

Tength of the nre hody ' I 5t)mits. |;:' = o |

Width of the ore body 51 - 0 %

Depth of the ore body ! 0 1riis . 3

i

A peojogical mep showing the different Titho wits 3 mepped and enclisedas Plule Mo, 7.
Aud 10 orosz section showing the dispiention al the difiecent dtho sty sre marked and
enclined i Plate Mo, K

Proparzd by Kardhora) K— betmmorphosiy hansalone Ryl 14




MOTTFIEATICN T THT APTROMED MTMING PLAM IMCLUCING PGOURSSSIVE MISE CLERTRE 21 A% OF
AN VIZHINARL FOLT PVTOLTDS THIRUY ANANTHAPTRAM - RIERALA

Dverburden The covierfarden 1= mammly wipsodl, Ineesalased wasts and nuning loss.

PH':}TC}I" EAPH SHOWTNG T OUTCROMOF CHARNOCEITE

i) (i) Mamo of the prospestimg agency  : In Hewuse
(i) | Address 2 Flooe, Vipanchita Tewsr, |
[ayesuad, Thiroviram(l: :-1]1u1.'41'n-. N
Lristrict Thariivamn i ¥ : H\
State Kormula ;
Phone 0471 272121
Fax ndl
{iil]  Mmail krdaviialand | igmel tom
| Mobile 9 pOanz T2 -

Mezparad Ty Marihaa] K- Metamiorrhoziz — Bangaiors, Paae 15




RO _UATLON L THE APFROVED MMNING PLAN (NCLUDING BRCHRESENG IS CROHLURE MLaN) GF
ATIANTVTFTH M A PO VL, LD TH LN AOCANT AT AR - LELALA

) Dretadls uf prospecting / Exploration already carried out

1l Namber of pitd and Urenches indicating dimensivn, dpacing €i¢ along and
ncross the strike / foliation with reference o geglugical plant

i) Mumber of Borehales indicating dimensions, spacing inclination, color level,
depth ete with standard borehole logs duly marking on ocological plan !
fection.

lii}y  Details of samples analvsiv indicating rype of sample (surlace [ subsurface
froon pit £ 'I'renches / borehules cle)

iv) Fapendilure incurred i varions prospecling operations;

MNa explomtions in the lomm ol hoeholes £ pits ¢ trenehet ere carried out. Mo gvor ths
quatsy areq was worked formesly by sume poroy £ gompany way bachk in 2007 and the bgken
up area s abont Z.1£ Ha which 1s fally espaesed by Chammoekize J Buvding stooe. Mo aver
the miglerial 15 contlinued along thesmiks

Since tha quany lease aves 7+ sxpised by Cliatnakite ¥ Building stone putcrop with tain lave:
ol sell. Charnokite i3 8 type of Grenile wiich |5 2 plooms igreems mck af coass 1o e
prained neture, farmed by molten magma, Charnpkite, petrciogically eommoliom mlen i ihe
group nere o 8wy e! deep zeated tocks: Hemee the exploration s not requimid mil the
doprh sl esbend hewomed S0.00 mis

£y The surfuge plan of the leazse aren mpy he proparced o o séale of 18 1000 b 1 -
2000 with eontour ntervals of maximem of 10 m  depending wpon the
topoeraphy and skre of the are duly macked by grid lines showing all features,
Racent sirvey was caried ont an 017112020, Talest Swisce plan of the luase arew has besn
propared on 12 P00 sewle shivwing all the surfsee feuiures wath 5.0 mes conteur miaryl s
encloszd as Plage M. 6.

g For preparation of goological play, surfaee plan prepared on 8 seale of 12 1000
or 1 : 2000 seale specificd under para LA (f) of Forr A of the lormat may he
token as the base plan.

Latest Geolygivul planol Ui leazs srea has boen prepured an T 1000 ssals shawang &1 e
aealopival srtmdes suwh ae iin, slrike and 5o on considering the lutest sustace plan orepered
and updared 2= an U771 LE2DAD A 0 Heese plun i eticlosed as Plate No- '.' i ==

Prepeged by’ Kanthara k  Memmomphosiz — Bensiore, 0 e T | Pl |5




VNDITTEATION T THIT APPROWTI SN LA AL LU DLNG ZPODRESSEVE MINE £1IFEIRE 2AN OF
ALANTVIEHIMEAS PORT BT, LTI, THIRDMANANTITAPTIRAN | KERALA

hij reological sechions may be prepared on naturcal seule of Geological plun at
suitalile Interval acrosz the lease arep from bonndary w howmdary.

Cetlogiou] criss seclioms ure prepaced v | HIQ00 seale feom bovpdasy o boumdary, shiwing
the disposion of the varlous thoumas, sirucherul (eutures and eic, is saclosed as Plate Mo, 8,

] Broedly mdicate the luilure programme of exploration with doe justification
{duly marking oo Genlogical plun vieur wise location i different colonrs) taking
into consideration the future tentative cxcavation programme (Hanned [ next
five véars a8 in talile below:

The: suid guary ares way worked ommerly md Charnoelcte (butlding smone mudearal )
cxposed In cative arcs mad 3 ean Do gesn up To 30 mits whove Toin the zenesal gronmed Lewel,
Charnskiee i3 a tvoe of Graning which i= a phitenic Tmsiug nock. of consge o Ing prajisd
~wlire, lrned by mobien iraems. Chamaokite, oetroiopiially conniuliom relers 1 the grocp
name ol & fumily af deep sebed rmcks 1ente the sxploation s not requoed and (ke deptl
will extend bovond St mis.

M Reserves and Revources:

The balance reserver Bar Been ertalilivhed after recavilng the Usdlosy with plie lorest ipdarad

Lrealogical plan and Uealssical crasy secton with o freyfsurvey conducies’ doy SA0Z2020,

Taxiiu reserves | Enirzin = s 0%

Cotegray ;oM LTI .'.T ; :
—I@_ . FEaste Fr "
Mingahie resmves F201 350 Lnnsiaseng :
Dot reserpey e ﬁﬁ\.

Gﬂfﬁﬂfﬂ:ﬂf FENEFREY 46,97, 766 BFOERCTOR

OF the abere Geglogical Balance) rozenyy of 4697 million lepnes. anlyv L2 million

fornares o eeserven oo be gxploited £ wmeabis wiila the balynee of 3406 mililon forass of

vairves by gaiting hlocked whick cannor feopivied dee 1 the hmdury and praciical

conmtrainze. Hence for all piopticyl mvpide i mpeodvetion el fiteee oiganing only

Jdlngahle péverves are considera

Trepared by Kantherg] € - WetEnorphngis — Banatire Fazz 17




AT A L O LML APV ED pils DT PLap TREHUTHMO sl M INE CLOSURE PLAM] DF
ATAMTWIRIIAM PORT 7 LR MOy s A THATIRAN - ETRALS

Rl table shows the Level wise S bencl wise Tavudu reverves (W inealbiel
Ay on DI Nov 2020

Ciwer 2 dinprmmiy
Bewch levéls KoM Waste Rock |
[T 23.125.00
&2 &2, 30000
A A5, TR
fiF 126,250 Ul
A I 5427500 Udesidered
4 TS5 oo o iy
i 180375 ) | produciion
G ETNEL it
i) 3260000 | tstebiivhod
) i 14312300
" IS T
Taral 712.97,339.00 -

Hetow tabie shows the Section wise lnsaru rescrves (Mineable
As ap 0 Nene 2020

it : fanres
Aetween Crins Rod Wste Rock
E. 2650 toF 2100 U9, 35500 | Comsiderad o

TEODIGG e RSN EAE2500|  praduction
B (T T 2200 | o e Fene ot

52300 ta ko 220 TS a0 emimdlivhed
E 2250 1a E 2300 s lrE
Toiaf 12,91,359.00 | -
NOTE Ahave e dre rosdad o peimesd oo il
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Method of Estimation 3

[he serimation of ore reserves i= mide by canventions! pardllel croes seetion methad usme
peolopicnt cooss seetiow. The genlapian] eross sections are prepared a4l w repulat inforvel of 30
2 merisd [he steke of the o body, Lhe sres of mdividual (it units m esch and every cross
gection i3 chloblated sepuralely. The volume botweon the cross sectioe 15 arTed an e Dasis
ul' the average th area of parellel crose setion L 9. (031 + 821 ¢ ) and mmluplyiag scenanal
mlerval. And tannsae |5 amived by mubiplying be isbalk donsisy,

Note: Fallowing are the parumeters constdered for reicrve estimation:

| Category wlore | Bulk density | Recovery S
Cirarii = FEIL 100.00 J

WaEte rotk - -

20 MINTNG
L OFFNCAST MINING

at Describe briefly the existing as well as proposed method for exedvation with all
desian parameters indictimg nn pilans / sections.

Quarrying ! Mining

Formeriv: this quarry way in pperabion, it was bebng worked with conventong opém casl
melbol Besed on the mode and method 5o adopred and taking ind the considerstion of
aeolagienl puramelers; e goamry oit s designed such that the height ol the h?.ﬁ'i':h e kept
abonut 6.0 mts wax., #rd te sadih i atse keor 64 oo mamlaining 437 pit slope.

Miringe cpiraiiin will he dommensed from kgher elevation 1o the lower glevation, benches
will be dovefoped wmd il will be advauce 1o south wmd wesl Cirection Jatezally. Muore so (his
area was worlked earlicr by some other party, whers there s 2 high wall benchey, so nitiudly
the hetght af the high-wall banch will be reduved, when It comes 1 the lowee levels, bonelies
will take the sircubar shipes and patwill be fomoed. The Wining aperadon will becoaalled
arid supervized by Smtuliry pemoos Lke Mine Manwger o Asst Mine Bansgger, WMine
Foreman, Mining Mate Curn Blastér cortificule Ualder issuedd by the-Bigetar Goneal of

hmes Sulely, bl A el
Ilr.'I o - _&::'- A - :'1.
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Dirilling, Blasting and its paramcters ©

The nature of the tock i3 mainly bard fo maliom hard i onatace ecce doillme wnd Blising 3s

required Lo diglodee ¢ loogen the material fram (be mam ok mess, Lhe broad blasting

prrameters are determined [or the blasthe pantem and blast desien, which 2 as tullews:

T

i

'

w

b T

The Deiliing patern will be demded by the Cernficate dolders £ compelent persoome]
il the Dlosting hole zvea is marked on e ground by ceetiticate Holders,

Smee th benoh haight nesds w be maintited &2 6.0 o, Blas hele will be, prefesalily
lw deep hnls whors the diammeler s mnormally 113w zed tho depth of (e hole s 6,3
m tnciading subdedling: Cersicorimg the salely aspecl the baast will be werried g in
Puts phssas e, 3000 o each paase.

Blagdup parem i3 gonerally sguees or tectanple or staggered. The Tueden oo
Specing will be decided ‘as por the reguirements ol the size of tae Soulders, generlly
Ihe burelen sangipg, froom 2000 o 230 meters amd spasng al 250 103,00 metare,

Usnzalle sineie ¢ doulle row ol hales:is blasted alons Tee e I ditpeve aplimim
mawder factor, best fagmeamton snd mmpimised sdverse Imoacts o secouml ol

lu=ing.

Muximum numbess of holes will be blasted =0 tme o e round are gonceally Tt
te 20 with non — efetideal detenmrors (MORNELY to omiapele adverae pnpacts such 2=
air biast. flv rock and grommd wibrlion, The Lzoltion wdll be the Men Conventlosal
and Tas Friendly method by NONET (Non Elecelrie Detonniors).

The & Meter hale will bz blasted 10 owo phases of 3.0 mits zach oge after (he alker, by
frsering ame Mamel et hattam and another ane 34 sl (e middls of the bole, 30 the hele
will ke blasted tam fires one wller the ather with delsy of 7 MO Sewsnds. The fest
3 Meters at*he pottom =il be blaswed Tet apd the cuddle ans next wall get Bkt a
p=p ol 17 Milli Seconds: Las Blast delsy [oom hoe (i hole will be I7 Milh Segond
aad- 42 Mith Second [Fom 1ow o fesy. Acscliomene of dnllng =ed Masting sattern 13
|y n the Toegoing pHege -

Ater drilling the certificate Haelder prepece the Blasting Lrase Shest maodrpamabng the
Thurden, Spacing. Depth, Conversion Feeler, Frpeoed Yield, Powder factor, Boosies
consmptien i Eas and F‘r_r-:.:-_uﬁp,e__ Uplumn chargss in Kex and Paccentapes; Cherge
per Delay, Tims of Blesting amil other Parneteds as pez the lell und aler ihe
Rlasing the Nosse level, Fly rook distwaes, Wibration Tt will 5e meeorded 1m0 the

Prepored iy Koz b 1 Memm jihoars — Batigalore, . FageEl
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Tlwting Date Sheel Diftereit Peramaters fod get approvul rom the Head of Minieg
LIparilion.

Fhirule mislure Lppes ol explugves are used for blasomg wilh 200 W 253 pescenl,
proportio: of primer £ bofsler cunmidees uoud regt b column chasge, Ahoy. 20— 25k
ol explosives are logded o 115 mm diameler holes, Aad sovedo) factor ranging
helwesn 3w Alons per kes of explosives [s achicved,

Submeguerl b the deillicg 2l hlzsting, the rmaterial 5o iTagrmented [ logsers frod the
vock mass. (he boolders s weneruted subaeqnent to the blagnng, wall he brolien walh
the hielp of the rocs brophers: There sher the material s loaded nmo trucks § oppars of
20 tannes cagacite with the holp of the sxesvator. The luuded malerial 13 anzporad
ut (he Wsbmpam Parl

FRECAUTION TAKEN WHILE HLASUING

Sirar will given hree Tioes betoze the Blasung and Hooter announcemsnt will be
made batore the Blasting

2: B peosons will be senr fo difforént ldesaens with Red tlag as a sign of camen of
Blugting,
3. Afler gelding e corfimuten fow B posons thouvh WMebil or Walkelalke
adreless) the igminen will be given.
4, e Timwe sirenwell 92 glvenaticr the Flasing,
5 The R persons will e cailed back to the Chiarmy and get the: feedback abour the
Rlsuling.
SCTTAVITTIC SHOWING 'I'HE BLAST HOLE PATTLRN
0 =17 M50 TTR0 A TR0 1T M5 T W0 | Ffa-00- 57 M0 170500 - sevaml riw
B A 5= LA A4 457 >3 160 ELl Y B
o0z snh 535 e I 2 430 A b AE3 HER
O DT AR T W -0 T a0 [T M0 1T M- 1T M x —fiest pow
EH| ok |5 130 70 i ERH 272 006
7 4 #5 | 1s =3 187 REAEL | 254
Free Knce " o
r el | \\
il
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ADVANTAGES OF NONEL

|, The®onel 34 wsed noruiny sgasou because 1t 8 Non Elacine Thetimalo.
2 lris botom igration.

1, 'I'hs Moise iz lasz.

4. Ty Rack = lost.

5, Yibrsuon uslews

&, rragmcntation 13 good

7. Wiz Bon fiendly mathad of Blasime,

1

Salety and Precautions:

Tefme orset ol monsoon, draing are et along toe of The quarry: Thees e divan the surtses Tom

off, Garlang dram 15 provaled @1 the quany topto remulsse monseon waler and direcs the

Mrapired b Kannlae s K - Mommarphosiz — Bengalors:
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game to the selilme ponds { quarery pit w sontain the guarmy wask ol ond S dveid 1he same
|cining to the adjeining surface walse bodies | water corsss. It also heipa o overl evaniuadl
collapses 2nd damages to the qumTy [Reok,

The ptt wall he Tenced by harbed wire. such rhat no hanitass cam eater the pic And wateh and
wrard s provided round the clock

b} Tndicate year — wise lealalive Excoyation in Cubic meter indicuting development,
ROM, pit wise as in tahle helow:

1. Positon Tenrative exeavation.

Bilow sarhle vhiovs the propased Yedar wise Mroducrion & Devalopment guanifivs

Linit in Tonvs

Year ROM Waste
I year  J0ME- 20 Flepwed | Considered oy
Mg Year —F070 - 21 Goah LN 00U preduciion
twid year — 2027 - 22 S000000 [« hevted il
il year — 3022 - 33 4, 20,007 saic R
Sth verir 202524 & 73 |
Fotal ' 44 078,750 |

i inr:':'f.'n;'ﬁﬁqr:-: f’:i';.l'*'.?-'}é'f.l iF :T.".-fﬁ.j-':’fi'.'f'}'. Ulsantine exprocted from dpeil fo Oed 2031 s
274008 30 rotel propoyed producim far bhe year 2020 21 15 4,23, 225 tonaes

BE indicades that propasils are meis g8 ser the LIS wineies of SEIAA meeling, A copy af fls

same 15 ocloged s Amnexure No, 28,

Now @& T vear wive proposed projection and 88 dispositons af the benches e AAUHEY R
the Lanlosiond Oross Secdon and enctosed oy Plate Mo, 10 Yhe derail corltwlonion of the

ared, valnme & fdadire for tHg alievd 1oid vears irenclosed oy Anngxure Vo, 20

iL Dump re-handiing (for the purpose of recovery of mineral)

Frosentiv (henes srena moy dumps 80 4% 10 recovar =he puaneyval

Pripifed by Kerthaa) ¥ - MoEmorphosis — Bangulors
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) Enclose individual vear wise development plans and sections showiog pil layouts,
dumpy stacks of wineral rejecis. if any ete in case of “A™ eategory mines.
Composite development plans showing pit lavouis, dumps; stacks of mineral
reject, if any. cte, and yeur wise sections in cpse of “B7 culegory mines,

I'he wear wise prajecuon of worsmg s marked e the Praduetion std Thevelbpment plan und
gnclised as Plate Moo 9. The voar wise propised projectlon and afs dispositong o the
heruhes dre shoawn an Uhe CGealogical Cross Scéonon and enclosed ag Plate Mo, 11,

i Describe brieflv siving salioni fewlorey of the proposed method of working
indidaling catepory ol mine,

By mlipg (0w the eonpideration of peolopieal parameers of the Sullding swne, the szid
quatly is proposed to work wath cimvenbonal apen cast mataod with beneh system wnd mode
i bperation |5 mechanized. Based or (ke made and method so-adogmed antl comsidering 1he
wenlingive] pursmetens e quamy pit is designed sach (hoo the heighe of the bench i3 kepl
alrul & 00 nfs s, wmid the widih |2 also ke 4,00 mits, mainiaimme 45 all =lope

i) Deseribe briefly the layout of mine workings, pif road layont, the layour of the
fuces and sites for disposal of overburden [ wastc along with the ground
prepataton prior to spesal of waste, reject ¢te. a reference Lo the plang and
sections way be given.

As tur us mine working & considored, @ svalermatic and selentific way of myiming wall be
garmivd ool Based om the mode and methed o adoptad and wlong ot the consldaration of
cealogical parameters of the ore body the quasty puris desmgned wuch that the helght of 1ac
hench i3 kept aboaut 6.U0 mits ma,, and the width i3 also lepr 6.00 mits, manbvmng 457 pit
flape. To win the material the beaches are advanced sideward and {atecally

| e waste rock in this quesry 19 muinly, Gie topsoll. Gogemlly, moRe huilding sooae query
whont 5 b % ot wasse will lkely to genorade. Nul in this quatey te material i sonsemed o
develpoment ¢ construction ef Sea port, whero the waste d&f’&fﬂ-ﬁﬂ_ﬁ_mmmm for the

& i _-—|..|".I'?'\_.\‘..\\._
ouarpose. Henee nio wagts 35 esdmated. TS Y
o 1 I__-'_- ="-.,_ o)
||I i a5 .{-'. "n'llul
i - I g o i
Fxirnt of meochandzation: e - A
= .r L] ]
'||- ""'-. b % J—’ ,.'I. f

The miamimem Nandling hiilding some malecid iv 300, -!JW*.FE?‘?HHE.F Jr-ﬂ::' L4 Fithe Voo 230 - 02
il the medified plan period, The adeqrede el bandlieg ::',.':-rﬁ!r,m &Plﬂ-if'iﬂé: aredis willl he

aeslunael, oy mendipg ol proposed gugrmtiss of building yione (he reguiramens 13 er with o

E-:pu:ml by Konthasy) K Meaamosphos: —Bengaios. Page 25
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Heat of 20 s, of tppers of 20 tipsey capedy soell, Lisr of Quenaring moohingry dépioved

in e guaire alonp with thelr copaeiriey, are shawn in below fohis

E‘ﬁ Eanipment Noof | Engine Bucker
Na Machinery MRS gr Capacity
| Exeoagror i L2 258
2| Mook brsaker 3 J65 TR
i 'J"'r'f.lpr.r;'-.' B 00 tomses
d e sor ¥ T GO R
5| Lwilfing saehins # - I
& Jook fHammery 3 3 iv
7 ey lemker J BT WOEL
¥ Conceptual Mine planning npto the end of lease period faking inlo consideration

the present avallable reserves and resnurces deseribing the excavation, roeovery
of ROV, Dixposal of waste, Back filling of voidy, Reclamation and rehahifitation
showing on 4 plan with few relevant sections.

For2ry Mine f quarry, Proparason of Conceptual Tlao amoonts to, fore-seeing in totalite znd
plarmng (o cunrrying and reiated activinies through-oot (s lite span, 0l sieh b wll the
tsshle rmmeral £ ares areexhianstad to the coomomibeal mmis and jesse aren s eckamed W fhe
exten: possible, The strms leid down by te poverimont sgenoies frinm Eme 1o tee do pay
irnpirtanl roles

Therefare, propuratiom of dewl conceptual quarmy plan for any quarsy 13 difficuls wnd soch
plan preparad, remaing accepuble only under siven ciroumstanees: 11 canno? be ovey Lzolked
Uhal, any such plan undeepoes amendments wnd revizions o the course of progresave slanes
al Lfk;}'llu'-:.lﬂ.'inn.

A redfeipred! Life of 0 darry

wiatd et T yoors the antieiared e of ihe guaery will be adou 3 yem

Excowvafion

The hefoe tuhle oo the productian far fe suetessive dlacks of five year il ihe concepiiil

period e el B
r'rl-'. G By e '-\:"'-
.I."r I: , : - -. -:'I.
| e R ok
{I E{ ﬁ.-.qn!.'.'-': g L I|1||
Prepured by Kanfhan:) K RMrenoepliosi: — Bangolors |<| '.'.:,lI “I#,u-.'-'--“""'\' 1 Pagd %
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Gy in fomnes

Prapased
Proluction

15 Block of five yemry (79 =204 23 - 24) T 78 750
frash Nav 2020 7o M TN

7 Hack of fve sear (24— 23 f 24 -24) & 72,400
(Toial [ P2 350

Recovery of O M

Povind of fleg rears

Subsequent 1o the drillicg and blasting, (he metdrul so disledgee / Ergmenied S lisens Trom
I pack mass; the bouldess se peperated, will be hroken watk the help of the mek oreakems,
Thers ufler the fnatenal i Toaded mie tracks £ oppers of 2000 Lones capaeity with the belpoof
the sxeavator, The laaded mulerial 35 tansporied o the pom deselupment

Miypromal of wasle }
Gemeratle e building stone guarry abont 5 -0 % of ssie wall Tleely e oeeecate. Bufin
this ouamy tae materis: s oonsnmed lor deselopment ¢ constmoehion ot Sea porl, 50 the wose

sengrutsd is cansidersd az produetion. Honve mr wasts 5 estomated and no disposal of weaste

Haokfilling of voids

1 . i v = a - [ B |
Singe there 15 ng wasts gepsration at thas quarry, no backhling of wigs. )
b )

Keclamation and rehabilitation:

wardr pord. ang Ui balames ared 21095 Ha will ba i rc:'!n.?.f.r;,'_p__ie

Drorirge ihe pear 2010 — 200 J0 saplings Bay deen plonied soverlne an qrea of 00100 ha

witisin ha el F puffer rone 77 30 s

Farther Plostation wid! de-coried ow on the fiive peelphers (within the safei 7 duffer Zone

af TAT ms ), the proposed pluntation for Salonce periid of he modified olan peried {5

Furmished in e below tabl:

Prepared by Kanther B - Metamorpmosis  Dengalon, Peec 16
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Yeur Areginha  No of mpi.r'u_,-,_n_
suz0-21 TR ' 00
2057 - 22 R 250
[2p22=23 L& | il )

Frtal (5000 72

(ser ol churine i liliece of obove void prrinad ahoul 720 soulinos will e plonted Ay

covering wr orae of (130 ho Malnll the local speries will he plutited @lavg with e orhiar

slaurr shch g Bain s Regraineille, Ficwe plostation crops fike Truil Searing plasts {1k

e free, ook it rea Wil e plmated T8 pronoced @0 planar the rore of 1300 segrlem

e bpoiarg, Antivipored yarival proverl fata 1y ot G - Z0 90 he ghove mersures e

e e on Feodieimn afan o Cancepruad 2 plan snelased oy Plute No, ¥ & 12 vesrocrivelis

A0 MINTE DRAINAGE

a) Minimum and maximum depth of water table based on the pbservations from
nearhy wells and water bodies.

Rased an (he ghaervetims made i and azoond the quary wrea 1 was fouad that ihe genend
oroumd leviel in t9is aren e 32 m ahove MSL, aud the genstsl ground waler table is 8 m bolow
the peneral pround level 1o 24 m shove MEL. Dusing mensoon the groimd water table will
(T RO o o | 2

) Indicate maximum sad minbmom depth of workings:

The Tesse aren it sitnated ou the lsolated hiihek where ihe top most working levsl 3= chout
116 m ghove MST. nnd the lowest iz 28 meabore MISL, wial depth ol gaarry wiil bo 78 miy:
(Ehosehr the surfocs plaw is plurwing the workine fevel 15 207 my thiy o of pde warking which
d ey AP Naid and i satory orrier, where we e and sppose oo werk. The warktag el
iy eanyidered after leaving the safety barrier which s 708 m).

¢) Quantity and goality: of wader Hkely 0 be encountered, the pumping
arrangementy and pleces where the mine warer i linally proposed to be
dischaveed.

The mine is silused on the billocks, where the alimule workings are not goang lo ek the
svepnd witcr table, (fe penerd] wetey table = 24 m above WM&ET. und the ultimate working is
28 m aboyve MSL, Henge ne prmpmg ol witer 35 cequired

Pro=arad bl patbish:] K Wetaie) ekt — Boigaore.
Z b | I il
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d) Deseribe regional and local drainage pattern. Alse indicate aunmal rainfall,
catchment area, and likely quantity of rain water to flow through the lease area,
arrangenient for arresting solid wash off

Mrainave pattern.

Thers are mg smy perenminl waler cowse £ water bodiss [ sitewms ¢ mallahs withio the guary
area 1hz storm water passes: through the mnor water conrses: and et vonllusnce with the
wljpeent neilah, Apart fzom this the water yource in this srea is meinly storm wiier. Fobce
sharm waler Muews throweh the pardfaid dedins provided ail orolmd e goasy pit and sama w1l
he eollzited in seiling pond. The drainege pariorns in this region is parellel o b parallel

Rainfall

Cencrally (hore are wo momsoons 1 kerals, tle omsel memsoon 5 000w a3 Southwesr
kanzoon which commenss form Junez and ends o Sepmber, The sectnd monsoon 16 Ko
s Martlizest Mengoon and dlao knoem g5 Reverse monsoon which somménce [rom Ootisoe
amidd epals i Mavember  Ihe avetzac rainfall for (e Jed ten veats ls around 3000 mm
oy

4.0 STACKING OF MINERAL REJECT / SUNGRADE MATVERIAL AN
DISFOSAL OF WASTE:

a) ludicate briefly the natnre and guantity of topsoil, overburden J wiiste and
Minerud refect in be disposed offl

Vop Soil

st of the guary aren Is exposod by Chamakite, part of area towards the north-al the waarry
14 eovvered by lopseil with the thickiness varang fom LOGm 1o 1,30 av ropsei] se visanlieed
iz sparsely Hamibuted, However dilng the coarse of quiarryving ol this 2cea; the tossell ¢
seciss will be remeved and stacked separately and Towill bo used for plantulion parpiase

apredd ared o JO00 g A2 i

Dyepth | .00 1nls P
M ‘H":-u

Dl dasgloy 1,30 FE e _"‘I:,\_".-;-_-.II

e X 10 X s o= LS00 tommew Y 2N o=

rppared fyv Tanshara) B - Meommoneaosis  Doomesibare Pasc IR
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bi The proposed dumping yround within the lease sres be proved [or presence or
absence of minernl and he putside the UPL nuless simultancony backfilling is
proposed or purely temporary dumping for o short period is proposcd in
mincralized wrea with technical constraints & justification,

And
¢} Attach o note ndicating the manncr of disposai of waste, configurution und
sequence of year wise build up of dump slong with the propoesals {or protective
MEASUFES:

Since 1o wasts 13 senorating wl 1R quarry, 50 no dumping s propased
a0 USE OF MINERAT.S AND MINERRAL REJECT:

) Describi briefiv the vequirement of end — we indusiry specifically in termy of
phyyical and chemical composifion:

e matensl produced & thi quasy will be used for developroen| O censzmetion of
Wizhigjam Mot

b) Wive brief requirement of inlermediate indmnstries involved in wp-gradation of
uiineral before its end use,

Mot applicahie

¢l Give detall requivementy for uther Industrics, capiive consumptiom, export
apsoelulid induairial ose etg,

‘he merenal gensvend & (K guarry s osupplied wopart developimen|.

d) Indicate precise physical and chemical specification stipulated by boyers:

Muioully, Ibhe materal predueeed at shis guarry 34 wsed for development & eonsinuclion ol
Vizhinjun For,  Only physicel specificatlons sre mmeolyed und the same are menbioned
bt

[SL Ne. Dhetiily specifications
] Maulders

Preparad I Kaithaaj K- dommarphosis — Dumgsbire Trage 29




MODIFALLOSY [ THE APPROVED WM PLAN TR LU BROGHE SEIVE RTST CLOSLEL PLAMY L
ATAT W IZZINEAN POLTIV L ST, THIELVARANTHATTRAM - I HiA 4

¢} Give detail of processes adopied 1o opgrade the ROM to suit the uwsed

rejoirement.
Mooy privesss in adapled G upegrade tie Building sane.
6.0 PROCESRING OF ROM AND MINFRAL REIECT:

a) If processing / beneficiation of the WOM or Mimeral Rejeel % planned to be
condneted, brieflv deseribe nuture of processing [ bencficiution. This may
indicite sige and grade of feed mutorial und concenfriate (finfshed marketahle

prroduet], Foeovery e

b) frive & material balamce charl with flow sheet or schemaztic diugram ol the
processing procedure indicating feed, product, recovery and ity grudate cach
nkage of proceising:

¢) Explam the dispoesal mothod for tailings or :I.J.‘:_ql.'-.ﬂ irom the provessing plant.

d) Quantity and guality of tailings / reject proposed to be dispesed, size and
capacity uf tailing pond, ioxic elfect of such tuilingy, i any, with process adopred
fo nentralize any such effect hefore their disposal pod desling of exeess water
from the tailings dam.

e} Speeificquantity and type of chemicals if any to he wsed in the processing plint.

1y Specific quantty and type of chomicals (o be stored on sife / plant

o) Indicate quantity (com pier day) of water required for mining and processing and

sources of supply of water, disposal of water and extent of recyveling. Witer
Lalanee chart may be given

AT the ahove paruwraphs ars pot applicable z5 them I3 no privesaing Irﬂuﬂﬂ':J.ﬁILL*ll plare
.-"r s -:H'" -
e o =Y .
i L
70 OTHERS - Describe the following: i ‘/H_: R
i A gl
: AT I,
a) Nite Services. & A j f
cf
qg.& ,;"'

e suud proposed quacey ares falls in the Be - Sy Oleck Mo, 57,
Tand] sglomdsomyver gn area of 300630 Ha of MNageroor villege, tht‘ﬂ‘-'llill»fiihlﬂlﬂk pi
Lhirrvamantapuram Distiien - Herale stazes the said smes lies wowands southwest of

Frepozed by Ez-:.tl:.are-] e Memooigicsis - Bangaions: Poge 31




MUTDFLGA T I8 THE APFROVETT MTHING PLAN JINC LU OIMG FESIFRESSIVE MIMO O] (5L (LAY OF
NEFART WEZLIMUARS BOL UYL, LTD, TRIBLVAS A TITAPLRANM - KlEALA

Maggroor villags ar @ digrance of 120 kmsand (125 tewsrds nortn of Kadevilz Tus s at 2
disrance of (.50 king spproximedely (Tislences are aerial distarce) This Jouse wrsa 38
upridehintle by al l-wearler toadis up to the up to Kaduvilu hus sap thereatrer = foteha rond
w1l fesils b arei

Thirreenanthapusam i3 the disnret lised quarter end state's capital which s af w2 diglance of
150 krnd (b Fad) rowards seisth of qusmy ares & Chireyinkeseh i3 the Taluk bead quarter
which 9% al w0 disfunees ol 170 %01 wwards southwest of quarry ared, wlhioee all the
infrastrucrural facilifics ame Gvailuble, The wedred! airport i3 at Thirovanmanlapiam ol 2
distaree of 400 kms and sea mort dt kallinm which s 2t o discance of 3000 kms, The mesTes]
ruiThead oo Groad-pauae is Chiravinkeczh which 18 4l disiance of 4 U4 kms,

This arss falls under the Survey of fmibia’s TopomapNe. 3% / D/ 13 & 58/ D7 14, Since
et poiags a7 Kemla are resmioisd the dame dre ndl avallabla Tl said UATTY AT et
Felwien the cenpranhical co-drdinsies Le

Tattwle 0843 428X N U§733° 51747 N —‘
Tonwilude 769507 1526 B 767 507 23247 E

hrwever the Lainude and Longimde =0 vecirled o ull the comier bound ey pillsr s deplotss
i the Surhice Plin enclosed as Plate Mo, 6 soc 15¢ ares @5 rurked on the google s=eliite
image and zsnelosed as Plate No. 5.

B Fmployment pulentisl:

About 30 people arc appeinted a¢ directemplovment and 1t genemates ndirscl employient
for fon hundied people. Moastof the dircelly empluved peaple ae s%illed, The respective

Gistribubion mormbers are tallows,

Highiy skilled 1 03 niog,, such ad fechmcal professionals [ke Qluerry Munzsge:
O oo, . Assl, Dubrmy Maniger and e,

Skilled : 12 s, ander skilled catzgery of poaple meludey (Juuery
roromemn, Quarry  males.  heavy cesihomoyiny muachiners
pperatnes, drivers, mechsnes amd west macnanles ete.

Semi slaled : 08 nosnelade hetpers, greasor’s om,
Un akilled : OF moE, e e slleTs, wledners, attendzs cle.

e

Fage 3]




MODTFICATION L THE APPUEVED MITHG 2LAY i T LT PHCGHESSIVE MINE CLOSURE-FLaT OF
ATLAME VAT AR PO P CTD THUANY ANANLRAPITRAR, - FARA A

4 PROGERESSIVE MINE CLOSURE PLAN,

b | Frovironment Baséline inlermalion:

Attach a note on the statuy of baseline inlormation with regard to the falluwing.

= Fxisting land use pullern [ndigating the area already degraded due 1o mining, roads,
prieessing plant, workshop, township ete m tabular form:

Chuirry Jease oved is 206630 ha Mors pr fevs enfice oron i seposed v Charnochiie, more v,

fhis ared owas waeked farmerly B ozome other el & guorry sberdtion commensed

auhkégrad ) odduin ol Evvicommeniel Clegrovice The present fund wve pottein of e

Chgirrping mres (v Vi gelte

' As o dare
Emdﬂ Ducirriing 2. 2900
.?::_ud.;\'- — gt af e Tuarn dred
Crean belt MR §afEty Seryiend £ 4 amd
Safenr airier 750 maty 1 RN
Aven f fndiord e Sedinhirded LE230
| - Tomml | A6

Lhe exishing domd use partern of the quarry is e it surlpce plan encigbed ay Plote
Mo £,

F Watler regime;

Weler respuries jn this acee are Gronnd water wod mainwaisr,  The. aséa recaives copious
amatmt of tainf@ll 3,000 10 4,000 mo anoually oo an aversge, Hene the level ol witer Lable
in the apen wells is shallew ic aboul Bmishelow the genecel gronnd level,

There sre nitany. perenminl witer cousse | water bodies fatresmis | ralluhs within the gearry
Ared, [he storm water passes thrissgh (e minor wamél cotuses and gots conllusnze with the
acdjzcent pallsle Apart from this the water supuree in Uhis erea g meialy stoom waer, Entine
wartn witler fows theooah the sarland drabone grovidesd o7 wrsond the quary it and samo wall
te golleoted in seiting pond. - The drioape patern bn this tegion 1¢ paralle] s sub marallel.

Tlisr e FMuonm

vhssrvation ot the Flora and Fauna src givon Below:

Prepared oy Semtiaca Ko Metarnorphesin Hangalpec,




MODIFICATIR [¥ THE ARFROSTT RETHIMG PLAM ((MOLULIMS FROORESRTVT MW ERUILE TLasy
ALRANE WLEZHIM N PURT W0 LTE, THIRTDGANANTHATHAM - REdAL A

AL Floral Diversity

I'able 1.0, T.ist of Treos

S1Wo | Seicntific Mame Vernacnlar / Family Status
English Nume
l. Tennimalizpanioulats | Maruila  {lumbreacens [rdigenans
Al anumnn
2 (liskeidizsepium Glireidi Poonehedi | Fabaceas Excotic ‘
Tablel 2. Tist of Shrubs
1| Scienlifie Mhame Vernacolur / Family Stutus |
Mo lingtizh Name
f hanthomitilissing Choem kuphochiacont Tnarliv
Z. Chreamolzenaclorsta Cumtnunistpachs Agmracens Lxotic weed .
s f Hyplinsimvealeng tatspoconed Tamincens L 0mnc
4, Memstemamalabathiionm | Athian Ydeiastommataccae | Commor _‘
Table 1.3, Tt of Herhy
SINu | Scientific Name Vernacular 'Engli:gh Family mtatns
s ime
L. Lelicasaspera Thrha Lamigcsas Carmmm o
2 Mimoss padics Thitlavadi MAimnamseEe Fimutis ]
3 FPhyltanthusmirir: Feeshernelll Fuphorhinceus Common
Table L4, List of Climbers
s Mo Scientific Name Vorouweular ! Kuglish Family Stntus
HH.'!'I'IL" |
Crlycoplens Pullanii Combreloress o |
Toribunds
|2 AgEuig cscsia | [richi Legrminisie (Conunng
Talds 1.5, List of (srass
51 Mo heienfific Name Vernacolar / English Bamnily Stutis |
. MName _
1. | Cvmbopogoneitmtus rm';EL:-uI'.u Puaua:'_ﬂi‘g__ Iy Common |
| & | Axemopuscompreags | Kalapulin | ﬁmuu;__':::‘w . Comman |
s T
] = ,-",".' f it AR
B Fannal Diversity (_; I AL ot - -Ill
. Vo et
Prepir=l by ¥eollbara B ffatano phosis — Bangulors "& ':"-. St i ;f i 374
5_*53'.:_ ALY
= ~Es
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SYOTHTFICATIOS T TR APTEONT MIMIRG, FLAN INCLUDHG PACGRNSAY L MINE CLUSURE FLAN) OF

AUAMTWVLEATHIAR FOAT 8VT 1T TR ARANTI AILIEARS - EEZRALA

51 No Scieuritic Name Vernacular ! Family Status
Enolish Name

Erog

1. Puugnpihilaatuy 40, Suah felg — | Carmoi

Diragon Fly

1. Procasinevravertiosds | Black bembooisl E‘J-f:t:r'tucmi-:lidac. [T

3. Ehyathormsweriegata | Pioclurewing Livellhahelne Coaesiingn
st |

Birds '

A4, Acridotheresitistis Indinn myna Surmidas Comumon

e mragerioy o the mned wrea exlensively aecd from i maiural Shute through past mining

acthvize. Thers is bo arca uscd by protecied, imporiant of sousitive spociss of Mord yr loung

(o breediva, nesthng, Sopmaine, risting, over winlenny und mization within the apphicg |esse

wren Shrubs g prosses cover the acea ina seatiered moamner. Seme (rees of small height can

bz spotied 10 enfive Tewse lund As theee |3 no natural forost cover, the urea deee not contale

st wile snimels. Only domestic ammals Tike geat cow, butalo, cal dog st are pbservec !

Peured 100 the absa

[*=zprrd by Wanrhara] B - Metmmorpooss — Dangalors
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SASDIENATION T THE APFREY T MIMISG PLAN HHC LUDNG PROGEESEIYE SN CLISL L PLAR S LF
ADAR Y LEATMLAST FOAT BT, LTT THIRIAANTIATN AN - REWALS

QUALITY OF AR, AMBIENT NOISE LEVELS AND WATER

Tor hniswy the kase line valuss within the ears aml hullir sone mociterleg was samisd aul Lo

a ! : ' Tl B =4
YAngNY smyTrommertal parameters such Alr, Water, Moise and «i the location of the sams 15
zrawn in below rable:

Suhspgueni o e reéreint of Bwvivasmannal Cleirance ded commencoaseis of giert

aperaiion, Friromienial manfioring wos carpied ot ot all the i focotion for ali fhe

saramierare © ateidufer v pey she condingm deid dowst in Ereipenmeniol (Georance,

Aceardingly ihe veport of the some iy fuvimched (8 pespostive paragrapny of envitoemeniid

afirinufey.
18 | Locations Dhstance and divection Fovirommental
1T Wt quarry | patametors
' CORE ZONLE
| | Carry arsa . | — - B | "1Lt' | =} Mo il
BUFFER ZOKT
|| Mearest  seltlement -@:45{& mrs>> 5E Air | Warer | Moiss Sl
bvear  (Kadsvils bus
stop) |
2 Moaresl el OO0 vt W A7 |""."'="alur Noise —
selllement
i Weores! [ 230 mis== KNW Adr Warér
aEttlermatt
4 | Medresl settleniens o B2 5 s NN Lk Water
(near Adtharamindn
Fzs slop
S Vamenaguem over | g 1290 km > S3E — | Water

Hrgpuirad by eithme] K —Wetantiphasis — Beognlors




SEOTITTOATIOS 1% TIHD APTHON 173 MEBRING PLAN S _UTING PROGISSSIYR SAINE LA UNE SLARY QF
ATANTVIZHINGAM FORT FVT. LTRL TTIROVAN AN TLIAIL RAN - KERALA

Criferia for seleciion of momitoetar fcalion:

Dhe merivoring Jocarion way yeleeledd on perothe guidelings laid dover 5y CPUR L MO &
L vige puideiines for Ambienr Air Crattice Moniloring vide SERGES | NAAQWS S 72003 -
(4. o extract friven NAAQM 2002 I isenclosed ay Annecire N, 27,

Thevre rotaily, ¥ inedeidad dweellingyoeithon 200 romss fram the grenry howmdiey, which
Qe scartered

Fririfier ae mpn(ioring lecafion way aelectad i individual houses el 200w, heconee
monitortag way earried prd wilkin the core zone, these corcsairaiicr will yuilice fop Hhe

fgme,

A ke plarsbowirg ul] the abose monitoring [ocanen 18 enckesed ws Plate No. L Apart from
s Surfues plun shisving the Sxistiog eovinommear/ amd usé up i 500 mis fom s gaany
atea ls diiclosed-as Plate No. 11,

w Dality of Air:

Chigrrving actvity coamiontes o pollulion ol air gue o Quarry operstien, smos the moce al
Chiare¥ing |3 mechanized lwavy zarth moving meghmnstied are mvalyed: the pollubion of 15

dir iy main.y 2ue te geaeration of dust and naise.

Subgeauent to the obudiniag of Tnpiropesedis! Clegraiicp, guary pul (i aperaliin.

Thwreaftor as per the laid down giidelines, o _gualily manilaring was eavdvied g bon i

crg-aamed PuffEe sonss duethe Febrggiy 2020 10 seow the pollufont levels. 1hg vallas 50

abitgined grewedl witkon Swclineds o copp o e qir gy [LREAL Crar s LA B enciosed oF

Anpevure No, 22,

! |
# Water Duuality: f

f
=

Thare aze oo porennial water covrses [ hathies wilinn the lEMEhGlE‘, arca, oot for the minor
seasanal walsrconmses. Agart from thiz the waker sveree oo thas aren i3 mamly swomn and
prounid wiler. Tioure sqocm water (Tows thrdugh the monor swalerceurses and jowns the
rtjoining seasonal nallah, The drainags sullen in this avea is dondeite in malure.

Thereaiter ar per the doidd dovwin grodelices, Water sampies were colleeted Aol in core and

hutfer sones during Febraary 2020 so b the guadity of the waorey, The valuey yp obirtned

et liself withi the fmits, A oy of the watsr quedics report 1y gnvlnged s Annexire Mo, 24,

Mopared by Warthara] B — Marsmsiphesis — E;_r.gE:. Fage f:-E




SODHTTOATIEM TH THE . AFFROVTT RAHESG PLAN el L LA FROGRESRTVE RMINT O 0L PLANY (e
ALTA R YN A POET VT LT, TR A AN TEAR AN - Kldiala

o Ambient noise level i

Rince |he quarry is mechanized the generation af the misse ub jhis quarry is mainly by
Uinlime, Blastmg, operation o IR and movement of ooks,

Rubrpauent o W oaliginine  of Emviroremended Clecpvance  gigedi oRE IR OpEraiion
Theroufioy v per the laid doe pnldelines: Nofse Sively were maniloced botk v care and

buffer —gney dwring Febpuary 20280 10 ko the paiss lovels A fopy of the Noive Leved replost
it shilosad s Angexire No, M.

b Roil Onality :

Swhicauent fo oty obrafring of Envidoamamadl Oleddoade Guarsy pit i operalion

Fharepfier gy per 1he faid dows gridelines, Safl vampley were collected bath dn core gnd

beitfier 2oy dering Felrmey JU30 (o deow the soifl gieling & copy of e Spil quaiiiy saport

i mnelosed arAnnexcire Na, 23

# Homan scillements

Shev are rolatiy. Findreidual deellimps withis 200wy rading from i gyt durdory, which
ari feantorod

There 15 ng sy buman sellemest within the guarry arga, bul the near=sl b reftlansent
fwrhich 15 10 clusterd 13 3530 me& 700 m from (he quesey arca towvarcy Morth und Southeast
respectively. [he nearest villags ls Fagsroar which is-ar a-distagce of 1.0 xmg. There are
lertedle 24 willuges fwadag within 3.0 kms studyarea.

l5 2011, Uhismvananthapuram dismict Bad populubion of 33,01.427 of which male and “ermule
were 1381678 and 1564 417 respectively, There wad chanpe of 207 poment o the
popu bt conroamed g popalitnm e per 2000

Averuge literuey rate of Thirmvanaithapuram dismict in 2017 were 43 U2 compsrad to 8028
ol 2001, Tolel lents o Thirovanaschaporam. Bistriet were 2,785,408 of whish mala aac
female weire 1334837 und | 230,55 respectively. With regards fo Sex Rativ ln
Thiruvananthapuram, {1 stpod & YT per (000 mule corripured o 2001 wonsus fgure of
T, .

B |
|'.:|. kS il s lI -
Frepansd by Kaelkara] B — Mordnolbhaziz — Bangilord k ey Biusy 37




FAUDIEICATION [N THE AFPROVET RITSTHG PLAN [TRELIIRI FRaGiESSAE MINE CLOSURR FLAN) OF
ATSAND VEAMBAM PURT O LR TEHUVARANTEAPIRAM - ERTALA,

= Tablie oildins, PMlaces ol warship and monoments:

Thert urs miy any public bailding, plaves of worship and mohirmeri within (ke lsase aren

# Indicate any sunclonry is located i the vicinity of Teaschaold:

There are na sey socloades oested (o the vicinity of the legsehold srea. And there 2re no

An sanetuery, waidlife wilhm the bullTer wone of 200 oms:

82 Tmpuet Assessment Attach an  Fovironmental  Tmpact  Assessment
Statement describing the mpact of mining and beneficiation on environment un
the followinms;

{} liamd drcu indicating the arca likely to be dégraded duoe o quarpving, dumping,
reads, workshop, processing plani, tailing pond ! dam, township ete.

Chugrey fease grea is 206030 ha AMdore o lsey prfiee grea 3 exposed by Charpackife migra sa,

this erpea s werkgd Hragel by some opfiar parfy & guer) Operafion commencsa

srhsEgnsnt fo ehiain of Taeironmeaal (learomes,

Dhee 1o Ouarivine and gxploftarion of the Teildine siane materfal therg witl b ehong in ihe

s gl br il formoof miis apd dhompy  The detad of the lovid die as &t seesid, Plan /

concengieel pering (v shov s delaw i tatiular form

Loaid i Ha,

o | Plan /dease
Rexaoriplion 25 o dipde ]
periad . e .
[FEAL R -
Arve wridar Ouarrymg 2 2400 3 Eﬁ'?ﬂ} = e .‘:-‘\-p
= A 'y s
Raoady ot of e qygﬂ?}}' o I,-"
Green hell (within serfely hiveier; i O i lll'm i)
et
| Sefeity Meirrigr 750 mis . 2600 R
Alvgd fop Turre bae £ i b &334 Nt T
7 rx e PR T
Tireal 36630 3.6638

Nibgeowens 1o the Cosgeptual stags, s quarey will be sxved for variows activisier ar per g

mie clofies pfoo, oy o fner of closirs fhe aoiviriey such oy Wier pocd chid ofe the ETONLE

of i T e of pogt maine closuwre N plven belaw

I’TTpHrFﬁ-l:-:.r Farnimere| W "-'1|.-I;||||||r":-'ll-.:-xi.ﬁ.-- Fnoa nr. Pipo 58




RATTTHT T AN ThETTIT AT L RIS AT PLAS (ol JDIG PROGRESSIVT MTRITC LR LIEE FLARKY O8
ADANTVIZF NI PORT YT LTRL, THERLDGAMANMTTIAPL L EAM - KERA A

S Typeofectivitivs | Extenr | Pogtooning fond use of | Extent
Mo, i fla. Wearaded fond dn T
! Are wader | 3.0630 1. Aree wunder winer el hEEa)
(huiaris g Lo Aréa ramalied ar pi REErAT
2| ad A ey -EI- e ']I'h-JT'L- IE'P."nim.Ja' ey el
3 E;’rﬂ;m helt (eiifine | LRG0 Retained s (roen bell A
safeoy eyt
| Totul 3,6630 | Toral | ze63n |
NOTE: By ore ot of (he giory 10 grad.

A st wlan £ Pagt pifsine Toind wse plan 0 entfived av flaricNo., £2.

i Afr quakity:

Quareying activity contribuss o poduton of = dug o werking beavy earth moving &
Quarrying machineries. To know 1he hmpacts of quality of & the pérumeter such ad
Snzpended Pardculate Mattor (SPM), Sulpbur THaslde (802 axides of Mitrogen (020 and
Carban monoxice (CO) meniterine is betng wirried odl inough cobsultant heviog MoEF&
SMARNT asvrediisd aoeniiss,

Howeyver may b tae mopact, 1o vedpes the same, follywing measures gre gdoplsl,

Wler sprivkling will Be dove at regalar [oterval om hadu! soads, pit and 2te., o°avolc
the armssten of doslmie stmsiphere.

d. W dlritlirg will boadopted s 2void the dudt in the air atmospaere,

Adlthe belt gonvevers are poversd sich that ne is entered (g the atmosphiore

Tl
i

4. Repular mewimienenve o haal mads 1o avald the dust generalion,

A oy ot the Adir gualito report i anclored oy deaezude Mo, 22,

iti} Warter (uality:

tha grn:ﬂ:ncl water due to mimine aonvitics.

Falluwing mgludlive measurss will b pdopted to walomin the water guality:

™ oparod by fantaars] K — Nlotmmorphesis — Bam)vm Piries 35




SIOCAFIZATION TN THE APPACN L SINPSLL PLAN (INCLUDING PA0GRASSY R MINE LLGSUME PLAN 1F
AANI VIZAUHIART POAT BVT LATa. TEIRTIN AN ARTILATL AN —_I:'._EI'LA.L.R

L, Ciarkam] draims zre cuc all alenn the baoches prior m the rnonsoan moavart toe water e
the pit,

2 Mo ininz working will touch the around wiler

3, Whare aves the water flow is liksly to om with nalisy or wimsr bodies, the gheek dim will
be ook bl

4. Ketention wall / rubble walls will be consmacted to smrest sny wush ol suiface ronotf
Ieoom 10 qQuarsy @

A ey of the Water guality repart i3 enclozer gs Armgexire No. 23,

v} Moise levels |
Sinee The guarry 35 mechanized. the noise pollution 1w manly dee 1o the Quattying maakanery
and miwermen! of rocks and drilling asd blastmg metvibes, Theee will be umpset i

sugroanding Ares due o he st generition,

Tiv rechuee the fmpact on the nolse following roessores will he adopiad:

1. Proventive manitenanee of HEMM and |rocks
2 Controtled blasting will e carred ool w aveid aotse levels,
3. Mo employess areallowed o worg withiosl FPTV s where the noise lovels arsmore smd

Theyiml tie Hmis:

A oo afthe Noise monitaring veport is encliyed a8 Apuexare No, 24,

¥l Vibration levels (due 1o blasting)r

Nue o drilllngz and blasting. fellowing are the impacis viguallzed:

Thiere will he wlisturbance of Faumna, s ]
2, YWibranen due 1o hasiihg, L
3 Sotse peneraion our s per the Tisl =nelosed. S

o vorietive the ahove visualized impaces, Tollowlng arethe mewsarss will beadopoed

S entifTe methods will be adopted m while drithing and blasting,
Proper spaving ami hurden will b adopted,

LiL fads —

Courralled blasmmg will be carned gut o avold notse levels and wlse o contnal the
PEY.
4. NONTTL lechmmliogy will = adoptsc,
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MUDIFIEATION I% THE AEFRONED PATNTST PUAN (THCLI RN PG RERSIVE MINE CLOSURE FLAN) OF
AEA T WL LA PLEC L Lo THIN AN THARTRAR - KERAT A

i) Wiier Hepime :

here are fn peltenral water sotrses ¢ bodics within the dusry arei Apart i this the
wealer v 10 (his arew s menls storm and ground water. Enfive siomm waer Hows through
Tac minor warcourses aud Soms the adioining seasonal nalizh ‘| be dmlnage paftem e this
ared |5 parallel nosub paralle] il camre.

Watler resonreesy in (i anes ars Crpund waler aod minwart.  The asea teeeives Copis
amount of sabafall 3,000 — £000 mum srrually on un dyverage, Heoce the level of water mble
i ihe apen-walls is shallow. Based on the cbeorvations made in and wound the quatry acea i
wiet Toumd that the perersl preund level io this srca 1s 32 moabeve MEL, and the genzral
arounl waler lihie 35 8 m holow The general ground level To 29 moabove MST. Dirmg
rnopsoon the ground warer 5 will saise by 2= 2 mis The botoin mest wocking of the o0
5 21 m above MSE wihere guary operador will not fpueh the weneral cround water table,
The impact could fie in the form ar the thuemaron of the groms] wider loble, wiich =5
mzigm ficamoe,

During the monsaon there will be an impact 10 the fomm o surfaee runol . wask: off whare
the material will be rursporiad 1o the local water oodics Id awand these hetlowing proteclive
musgures will be boen up

o Construction ot ruhble walls all slong the toe of the dumpa,
Camsirocion of drams oll olome the e of the dumps

Tl

Bofore onsct-of monsoan, drams gre vt aloes we of the goarye faces @ diverl the
surface iy off. Gartand dra 15 provided df the gquarry 1 m repulate mensoon watsr
wed direel the same 1o the settlins ponds ¢ quamey ol ke ednain the quary wash ott
and to sviid the same peining ke adiaining saitles waksr Bodies weler bourses, L
alza heolps to mvert oventual collapsss wmd dirmageds w the gaakoe faces,

A Waler dromaes ¢ Ram water japeesting plan oo this eeot i3 enclosed pe Plate Noo 14,

vil]  Acid Mine drainage : Bat applicable.

vili}  Surfuce Subyidence : it ;-.LIFIrIiu:&"J'.‘I:.

ix) Historieal VMisnumiens:
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SETHFRCATITIN T8 TTH AT HLY MM G ELAN (EIOTTTITNG PROGRISRIVE MINE LLOSURE PLAW: OF
ALARTVIZHDA AR PORT PVT LT TIHRIV ARANTLAL AR - EERALA

X) Soein Tennomies

Lhere are rwenty Four vitlioges within the hoffer zone of 5,00 kms rwding. Tn whilch the thuee
villazes camely Magaroor, Sadayily, Vellalore and g6 o DBoe 70 this Gy aclivily, m
signifiount adverse chanzes are visnalized in the foudtionul way ol Life of the peaphe resiiling
in the villages wilbin the bulier zens: Futher people residimg n the pearky villages a
benefited by thie direel and mubrest emplovmant opoomumtes ereatsd by the Quarving
activities, Cmarrving acivity will eimirihowe dhwards sconomis gp-aitmenl by ey ol joo
drpusiunities l the region, lence there i9 an fnereiye i pepulation of the shea. Quanying
getivity ulas Tibosls the anell lapy [ndustiies, bssinees une nrackel estahlishments.

Facilittes ks power Hnlkuge, water supply, cormmurication faeifilies, consdruction of voads
and st=matory buildicgs, modiesl faoilicy; vogatioeal training provided by the lesiee wil
angment the socio-economic s of the wvillagers residing neasoy

Further gs 0 part of CRR [ollowing activities Zollowing fre the propased aud the same will be
coftloned:

Br. Desoription Amount in - Remarks |

ho INR

| Medical cheofups camps ks eve checkup, cancat | BT ET S vearhy
checkop  nearhy  willawes Magaroor,  Radsvila,

Warmchoor (Tach yesr dus village will 5o cammped Tor
speetial checlups and gereral chookup every viur
all the wlllazes) N

2| Thalrfkubion ol scheol bap. wabrells, kx! and mote Lot | woarly |
hooks tor podmary school ehildren al MNazaror,

Fadavils, Y amichoot village.

1. Comletbulion By marriapes o poor [/ nealdy peaple al 1,0, = yourly
| least 2 people @ s 23,0006 eruh -

4. | Cunishubion tor local calmral snd fesdvals SUUUUS- | prary

5, | Dastribution of miom throueh panchayat to the needy SELIHE- veatly

peonle Guring Cnarn S Baizan ¢ Chrisonas foshival
Tegst 30 fumilies gl s, 00 per Tl cagh Festival | _ |

.| Construction of washrooms ¢ toilets tor governiment | S0,0000 ey
Schonls  High  sthoals  Negargar,  Kadavils,

Vamichoor village. {every vear ons villags ‘will be

Laker) up - )
T | Barpyabion 7 repr o temples ncarby  (Sree oo | vearls
| Avirayvilly, Sree Durpecev, Porompally tomples) .
| ‘L'otal G, 30,000~ - |
I-
tch
iz by anthera] K — Motmuoonesis — Deng e B __ g 42




RCOTFICATION ™ THR APPRAVTIT KMTHTR FLAS (TSOEUESG PRAGRES I = MINE UTOEUIRS PLARN! 07
ADATE WIZAD IAM 20HT PYT LT, THIRUFANANTHARIR AR - KHRATA

A5 o purd GECER qelivifiey, manegement e conducied the jollowing porivities rowerids
o welfoye-

5L No Lyescription Ameonndin INE
/ Bitumien Roged Teried fiwi 7 30 ko E
2, Henese hirled mrcterial ivded s I50 Bevieficigries qf Covld - 19 750,000 |
Inckdovwn period G Ry TO00C pey Beaefleidries,
3 Chreten kit griven fo 375 .ETL-'.-':L:.f."u:ftLr'h'.? hiping 000 @ By 173 0nie- |
{00 per Denafictariey
' el Ortvkirie wetior -r.u'plr,-.j'.' Jir ddiage peapte durirg sommer 2,72 3
‘ VECINFE
i_ Erramnd Total &3 V7 80~

Toral aminmns .fjr.-e.n.'r towards CER i3 Eighty Five Lakl Ninety Seven Thowsard Five

Hundred Efghty amly. A copy af G aiove siid gopeiies _'i‘rgu":'ﬁﬂr.rﬁ'd s Fhiziries Creclomsd
ERrinen s Armerare Noo 26,

B3 Progrissive Reclumation Man:
8.3.1 DMined —omt Land:

Chiceey feuse area s L6630 ha More or lars gntire orea bz exposed by Charnnchie more s

ehis et waws woivked frmerly by wnme other party & grarry operadipn commenoey

sibsaguent (0 ebein of Ereironmeninl Clearaace.

Dl i Elaaarr o bl epnladtation pf the. Bulidine srake meterial flene will e chorre i il

grodmd prafile in the form af pits wnd dumps. The detadi of ohie fand tise a¥ or pressa, Plate

i on Fla.

. Pl ¥ fem.u-—l
Descripiion Ay o e __—M

Area uncley (hiareuing 22400 Al

| Hoads ipert of the gt p) 1
| Glrean balp (wishin sy bareier) G| LA
Safety barrier £ A0 mty Ft -
&'hg{__tj.".lr;‘.i.-!:frs.i.: S Tm&.‘.ﬁ.ﬁ:,‘r.‘JﬂJ I 3_2.'5 i -
Total 0630 | . JA630

Fregmagd hy Wastheia 1€ — Melanitaphisis — Basenionm, Moz 42




RAIDEEICATION TH THE APPROYTIR MINING PLAR NG L LNG FROGETSEMT MR LL ORI PLAM Lz
A A POIT FYT LT, 'I:I—'_'H.".".".-‘u.‘."«-:'.ﬂ..‘."«."l'l laPLRAN - KERALS

Suhregumial fo the Comeepina wars this guarry will Be vid o vaciows aellvities ag per tne

sine etositre plre e mpeet of clasure Ui golivitiss such ay watey povel dnd el e deleilly

of the dend wee of pase mine rlasure ds given Aedive

YA Frpe-pf @cliviries Expeart Pt miining land use of Foxtent
iy in Ha. degraded fuad i i
1o | dreg wiider | L0630 | 1. Areo under water poind FRFREY
(st ving ) Arer remuined Lpsl st 24094
2| moads Are piri ) e g‘:.‘t.‘.r'.'-'_l,' Hergined of ramds
3| fereen belr Aedthen GO | Rewalned as Grosw el (1,610
sofelhy borrers
I Tor! L0 Total A3 |
NOTE: RS ey part of U JHRTTY GEE.

A comespried plont / Pewt miniryr dend wee gian is grclaseq oy Plate No, 12,

.32 Topseil manapement:

Muore ar less entive Ares 19 ciposed by Duilding Steitg Matorial only ol places; topsoll 13
visializect which s sparzely disyribuled, The ermwunt of topseil cxists o lhe thickness 35 7l

N i fesrang), owevel during the eourde of gusmrying ol tie aeea, the topsml so casors
will b removed sepueutels and will be used for plantanon purpose. Dicdog the eotive B of
e quany Abaut 1300 mmes el wnsoll is Hkely w geaarato

Aoy part ol the wpEsil managimant, w know e préesent cualliy levels of the wpsal, three
il sarmples loentions were wentified 1.e one b cove zone and bwo in batfer zone pamaely pne
lpgation tz  moadest humnan sellfermenls ot 2 disance of d30 mfs wwerds 87 freee the guarmy
site and the other is v a distanee of 330 ms lowands WKW feom guarmy, Aveartingly. il was
samphe and ane esed, gty reparn of Wic soma 15 enciaved ay dmnecire No. 25

833 Tailings Dam Manasement : ol upplicalle.
834 Acid mine drainage, if any and it mifigative measures  © Mot applicalble.

835  Swurface subsidence mitipation measure through back filling the mine voids er hy
pther means pnd its manitoring mechanism:

Tt apmlieble s e

Prapa-al by Kanbaa) B Metzsiephosiz — Bangdlors {l =t i Fage 44




PAGTITTCA TN TH T APPROW R MISNG PLAad (el DA G PROGRESFEIVT MIMECLUERTRE FTARM] &y
ADAMIVITHTCIAM PRRT FYT 1T THIRL AN AMTIIAN AN - KERA 2

5.4  Disaster Management and Risk Assissmueni:

aasers mishe occur only dus @ oatura] galymities The sarth guake, excessive rmins and
Miseedimg et T teercome such eizks, belp ¢ ald weoule beosaughl rom emergency services
providers ke Police sation, Fire slobivn, Tospial, Adcbulanee sereices Tom the aithenaes
in the vicininr of the mine site, Their Geomlbol '_l::I:[:h:me riwmbers and communicstion famlities
are provided and displaved on the board of (he Tmine oflies 6s well ‘a5 nime. site.
Reécpirmsibility o caprdinuting resene activitss Is coqused (o Quurry — in - Charge at the
Carmy site maddibon I Guary — in Cherge 16 also looling sfter statutory dbBgabions uniler
Mincs Aet, 19510

83  Carcand Maintenanee during lemporary discontinnance:

Lesser proposss m wark continvonsty, Bl the concentue! siage as sich theme 500 Fnmporary
discontinuance of the mine. All requlred actions are Hmely luker and Uersfore, we do not
foregeen such diacmlinuation e ogewd, kowever, management 13 [ully eywipped up 1o
CVETROMIE any sueh svenidalily, However doe o unloceseen siuatmon, If mones happens o
dizcontinue terporarily dus o sirike; lockoul & my ocder pasaed by the zovernment, eour
uriel g1, Jessee ehall taka eare of mine by foocing the pitfuuarmy deoloving the security guards
For wteh amed i) of Ihe mine.

H. Finencial gssursmes

[T potal ares nnder ntilizatlon till the ond of the plar Perod

Timanoiu] wssuranoe GG Be 25,0004 e tegtos.

Laa30 e X s, 25,000/ per hector. Ks.  M575-

The financial mesursee being the sum ol Ba: Ninety Oue Lhousand Five Huordied Severly
Five auly, But as per the mule 62 of KMMCE 2015 e minimwn deandial gmount 15 Re.
Cine Lakh ouly,

ke soid Baak Caaranres for an amonn of By L0000 fhe syen of e Chee Takde Uiy fus

B subaiited cuiine Wi geecution of the leiies deed A copy of e e i enciosed of

Amuexure No. 27
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PAULLFLZA LGN [Y THE APDIOAETT MG LAN ML UG FROGREZIING NMINE DLEsLEL Pl OF
ATANT WIFIENIART B el LTD, TRIRC Ao TTTAR T ARG = KR LA

Howpver, ared foe the Fiemiiol Asswrance 1§ edlowated af pir e fase I8 of AN

b i I

o B

erimgielered el farglthod fiefow rabie

il the ang of the Engiite modifed Viniee PMlon seriod and she detoain ol il use

_ chraw gof' Lo {ov deqee (I Hay e e s Wit atea
ﬂ Tepowf Area pui o ' Adifiiomal - egre il i tititrend
~ - iens et steet  Regiiremiein Forai as fukly for
Dro Lol dexe of Ffan pllerifig pliEn - reetarpre ol | paleldarion
= e . rfeadiiared
i . 4 * C={A—B) D Fafe_ty, |
T wider | 22406 082300 30630 ENTEL
[E.'J:im'r.';r'iﬂf:r |
4 rgads Fart af quarei ared
3 (Frosn bl TR | 0tpos i T3 (00
4 hgfery parrier il 73000 00,3064 3o
RN
£ |drea far futurd wie 3230 i — =
undisturbad
Totul 36630 LEE30 6030 |

& P O P showing the below land tse 13 enciosed oy Plate N, 13

0

100

[} K

Lr\_l;\"!dv

THARAL K
ROP/GOA S T30 000 /A

FLAR

Prepupeld by Winiaer ] £

CENTIFICATES

PI.ATES

ANNEXTIRES,

e
M
W

ATl the recmired corfificaloy sre enclineil.

All the respred platss are encloged ang made
the refercnce o the texlwl raievant places

Al the reaaired weswrs are aod made the
reforcnice 1 the lesl bt relevant plices

SEDLOGIS)

IOTRIOY OFFIOE _
RFY. OF MIIRG, & REGLED :

T T Ll

Milasnueplinals — Bekgalone. - Pags 44
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Certificate of Incarporation
[Pursuant fo sub-seciion (2) of ssction 7 of e Campanias Act, 2043 and
rule Bof e Compdnies (Incarparation) Rules, 2014]
| Pty oartify fvat A0ASN VIZHINLAM FSAT FOIVATE LIMI T i3 ncomecatsd on this Twerry
Benyonith dzyal July Two Tacusand <ifgen unear tha Comparies Ao, 203 and (hat fre COTPanY 13
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ANMNEXURE NO.

MEMORANDUWN
AND
ARTICLES OF ASSQCIATION
OF

ADANI VIZHINJAWN PORT PRIVATE LIMITED
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THE CAMPAMIES ACT, 2513
COREANY LIMITED BY S HARES

VIERIORANTILIN OF ASS0CH TN
oF
AOAMI VIZHINIAK PORET PRIVATE LIMITED
Tre it 4T this Cormpiicss &2 *A0AN] W IDHELLAM PORT PRIVATE LIMITED™

Tra RapEtered OFTGE o e Tomipary Wil bz giiis i mo e Skl Guprel

[k als farwschthe Lrnipg s esisbished e

[#] THE GRJECTS TO BE PURSIED BY THE CORPANT Y 112 IRLdE SR 20 WRES

T cnnskrct Sehsiop, malnktis feod, fiqup e o olhergsse deds with TS, TN yner |EHiRG
B ladns, docks: sfiip Liedklig, ship reirs sn's I:||||r|'fr.- nl Emopain incid o els2efecs and o
e en Dur s oF inland snd ssa Dangpars inclaging eas, passingees and mil alilpters, gl
AQETIE TV UNESTWTEErs, 3. MEnegres, L uddims, Laape LeiEl s, 8Tty Rrnkens, i Tl
Lyabsiz Traght 2oddr acbons, siavednsEs. |.7..'..'=hn|m'r'1:-n igif .-..ﬁn,-:m =i Loy, sszembi s
Hi2iag. sonmtnesting, neparing  ae- -.'|LI||g g ranaging shizs aeagaeg wemntis o ol
v lerays and -ramynn mordla and iy ool i wl:-rIJ l‘l'-E hissimazs ant Incannlrol,
theaislog, ez, Duild, Ly, g2l gluﬂ- of fakeon: Igese ne lirmnsn, rr"ml' remouEl szl et
Impreve, San e bbsraie bl GRIMGEN, TOMES ant parl aprronchek; weakeiies o0
prodeciinn af poct o an it e pnareol U L o poct Aporoack 35 it all suen aonveael
aches diaind l=nerg pleses bt Eties Doning Sapzss g0 po oo, HETE TaaEs, ready
ratwnys, mdings Bridoes, wnnel and appreactes and wisoning, dcﬂprnlrlg ans nsrirg any
p_rl'n:ln af e poi'l or port sprmanhes, Fyhn hoases, lght =I'||p_¢ keacohs, plos anelz croihe
ppptiniee nspassany TR fi=osale maviatioe Al itn poris amd Lheoport an:;:r-:-a-:ﬁe*:-. ane iz
ponztrigh fad asiad el dig dacks, sy aid Bat = ing and warkshoog Lo ety Jub Epals
p oyecadelining o ¥2520E S0 boats maphimiy 00 apptances
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(0] MATTERS WHIDH SRS MEDESZdeY TCH FURTHERAKLLE OF IHE QBICOTS SHECITIED M
CaAUEENELA] are

el

i

-3 M d LU T R TS

o eara iUl iRipes ma sLali, gaversn, maneps LE T ool any ek iZATE
sharana trohe, Tee atabions, olechill workeTaps, Sho s, modways 2ol conveninnice which
Ty SR i sl = Dusine sz ml e i cinlridu e (0'oe sulslEas, assist oF toke puoi
= thr genstioctian Impresdmaent nalnkermne, il ey, Teinngemei L caming auk, control
U el & oo martain. coarhadl, sapnirn, Mkaut, <=fis impres, insuee:alli, 5all, shinge oo
f4 = b b HICE PUFEARER OF Crat 20 ot okhoraing el oot amd dispoce nff ang of fie
£hips and camiainar, Relldrand ep=lpl T Waisgls, renniGe i enil prosessing wesarss und
aireranis, helicsaiars 2l Kinds af offsrérs iy Clps, paddone stocage-foadog. sl
Vst e suih aRes frciities Ard Gthdr il 3nd panvsyances o Aany =r Iha
uiiras ar Iapiliurag o e aifianss or skoes ut (1R Ships glrcigfls neotlmas Pansnart and
COrsealices
fo attioed, Sulle  commrtumi, Py avElng, Sl UF f6d N achangs oo lease renl,
aorupy, alla w0, cealiten, apereia e, sl tepoe OIF oy Tl e lslar Ak ey e
pacessary ar camvenisnt 2y legsekoail o Teghnld Frds, movaied nn irimualiie fropeities,
fai eding sakdng jatty, eorREOLE, waTEhouse, sitres aziament ar oiher rights reochinenas,
~lant ok sl oekein-rade -l solmies annueranes Ingibier wilh ol omodan
rnbities 2Rd pa=llifan wocli 45 ftousing. acheols homsizals, water wopply, szaHaties,
tersirahlps S aprar far b ul sooperties ahizh gy weem ralealabiEd wo=salny i inding iy
toapvarce tha Comparny's aEpss aod)ieres! sfthe i considesmiiun of @ press s ar 2
et cligrges = sanh ol s2yices.
|7 pirpnire wnd lakarsrany Uusksss Srumsertiha g carring =, upet STy R e P R L
it any levd " 2r uliding shicy 158 Covmeng iy Zagire L duylirs 23 aloisEd o
P fterasred = e e whalooa aoy 0 1oaes 26l faniities 4720 it s Ol
e ki :Enr ro gy o the same oo be disgosene rznjove ook an el theretn
[o mcyquice, prerass, st et erscl and g itain londs, buildings. faciznes Saunsiie,
wearkesapn, mils, £ siprnna placls gquirmied i, iEnhirares  panks and jomls pdustinl
Lncss kAR of any Sind, wEsshnigss, SRR sETL wagLes tranch alses, oapels g
Thisal S 0T Shie BN 