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OCM/ENV/503/2021 Dated: 01.11.2021

To

The Joint Directo_r(s)

Ministry of Environment, Farest & Climate Change,
Eastern Regional Office,

Bhubaneswar

Sub.: Submission of Six-monthly compliance report to the conditions stipulated in the grant order of Environmental
Clearance (EC) pertaining to Ostapal Chromite Mines of M/s FACOR LTD.

Ref.: MoEF EC Letter No.: 1-11015/38/2006-1A II{M) dtd.06-12-2006

Dear Sir,

With reference to the captioned subject & cited reference, we are herewith submitting six monthly compliance
reports pertaining to Ostapal Chromite Mines of M/s FACOR Ltd for the period from Aprii’2021 to September'2021
for your kind perusal.

The Weekly, Monthly & quarterly Environmental monitoring data for the period April’2021 to September'2021
comprising AAQ, Water, Noise & Soil are enclosed herewith as Annexures.

This is for your Kind information & necessary action.

Thanking You

Yours faithfully,
for Ferro Alloys Corporation LTD
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VEDANTA LIMITED (Formerly known as Sesa Steriite Limited/Sesa Coa Limited)

Ferro Alloys corporation Limited, charge chrome Plant, b.P. Nagar, Randia - 756 135, Dist. Bhadrak,
Odisha, india. Phone : 06784 240320/240347 /240272, FaX : 04784 240626.

E-Mail : Facor.corporate@vedanta.co.in | website : www.facorgroup.in
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Name of the Project : OSTAPALCHROMITEMINES, M/S.FACORLTD.

Project Code : Mining (Non-Coal)
Clearance Letter No. With date : No.J-11015/38/2006-1A-11 (M) dt.06-12- 2006
Period of Compliance Report : April’2021 to September, 2021

Specific Condition:

Sl. Condition Compliance Status

No.

1. All the conditions stipulated by the All  the stipulated conditions are being effectively
State Pollution control Board, in their implemented.

Consent to establish should be
effectively implemented.

2. Necessary forestry clearance under This area is left as Safety Zone area for greenbelt around periphery
the Forest (Conservation) Act, 1980 of forest land of M.L. area and mining operations in this area will
for an area of 4.07 hectares forest not be done.
land shall be obtained before starting - ' :
mining operation in that area. Till
such time mining activities shall be
restricted to an area of 64.354 ha for
which in principle forestry clearance
has been obtained from the Ministry
on 03.10.2005

Plantation In Safety Zone

3. Topsoil should be stacked properly No topsoil has been generated during the period April’2021 to
with proper slope at earmarked site(s) | Sept’2021
with adequate measures and should
be used for reclamation and
rehabilitation of mined out area.

4, Over burden shall be stacked at The OB is being dumped at earmarked site only & as per the

earmarked dump site(s) only and
should not be kept active for long
period. The total height of the
dump(s) should not exceed 45m in
three stages of 15 m each, keeping
overall slope of the dumps below 28°.
The proponent shall carry out slope
stability study and submit report to
the Ministry.

The OB dumps should be scientifically
vegetated with suitable native species to
prevent erosion and surface run off. In
critical areas, use of geo textiles shall be
taken for stabilization of the dump.
Monitoring and management of
rehabilitated areas should continue until

the vegetation becomes self - sustaining.

approved Mining Plan. Technical study is also carried out by

CIMFR & all the recommendations are implemented. Overall

slope is about 27°.

The report has been enclosed as Annexure No.-1

The inactive benches are being vegetated by suitable native species
and massive grass plantation to prevent erosion & surface runoff. The
management of the rehabilitated areas of the dumps has been
continuing until the vegetation becomes self-sustaining.

Further, in the weaker zone/part of the dump is being covered with
Geo-textile to prevent erosion & to make it stable by planting the

native species scientifically as follows:




Compliance status should be submitted
to the Ministry of Environment &
Forests on six monthly basis.

Plantation in Dump

Trace Metals such as Ni,Co,As, and Hg
should be analyzed in dust fall and soil
samples for at least one year during

summer, monsoon and winter seasons.

If concentrations of these metals are
found below the standards, then with
prior approval of MOEF this specific
monitoring could be discontinued.

Collection and analysis of dust & soil samples is done, and the test
reports are enclosed in Annexure No.2.

Catch drains and siltation ponds of
appropriate size should be constructed
to arrest silt and sediment flows from
soil, OB and mineral dumps. The water
so collected should be utilized for
watering the mine area, roads,
plantation etc. The drains should be
regularly de -silted and maintained
properly.

Garland drain (size, gradient and
length) shall be constructed for both
mine pit & waste dump and sump
capacity should be designed keeping
50% safety margin over and above
peak sudden rainfall (based on 50
years data) and maximum discharge in
the area adjoining the mine site. Sump
capacity should also provide adequate
retention period to allow proper
settling of silt material.

Storm water return system should be
provided.

Storm water should not be allowed to
go to the effluent treatment plant
during high rainfall / super cyclone
period. A separate storm water sump
for this purpose should be created.

Catch drains around OB dumps and mineral stockyard have already
been constructed with siltation ponds at regular intervals to arrest
silt and sediments. Whenever required the silts and sediments are
being cleaned from catch drains and siltation ponds and
maintained regularly. Mine pumped out water is sufficient for dust
suppression and plantation purposes. Hence catch drain water is
dis-charging outside M.L. area through ETP process. Hence there is
no need for collection of water from catch drains from mine area,
roads, plantation etc.

Garland drains of width 2m, depth 1.5m and length 3424 m with
gradient have been constructed for maximum discharge of rainfall in
the adjoining areas.

There is no chance of flow of storm water into the effluent treatment
plant during high rain fall/super cyclone period became the plant is at
high reduced level (RL). Hence storm water return system is not
required.

Garland Drain with Check Dam




Dimensions of retaining wall at the toe

of OB dumps & benches within the mine
to check run -off and siltation should be
based on the rain fall data.

Retaining wall of width 1.5m and height 1.2m has already been
constructed all around the toe of dumps up to a length of 3424 m to
check the run -off and siltation.

Retaining Wall

Effluents containing of Cr *¢shall be
treated to meet the prescribed
standards before reuse/discharge.
Effluent Treatment plant should be
provided for treatment of mine water
discharge and wastewater generated
from the workshop and mineral
separation plant.

Run off from OB dumps and other
surface run off should be analyzed for Cr
*6and in case its concentration is found
higher than the permissible limit the
water should be treated before
reuse/discharge.

An Effluent Treatment Plant is operating for treatment of Mines
discharge water. The conc. of Cr *6in treated discharge water is

<0.05mg/I.
DX

ETP Outlet Cr*® conc. data

The tailing water (waste water of mineral separation plant) also is
being treated by adding FeSO4 before discharge into tailing pond.
The treated tailing pond water is being collected in an intake pond
and being re -used in beneficiation plant. Thus, zero discharge from
Beneficiation Plant is being maintained.

Almost all mining machineries and transporting vehicles are being
engaged on contract basis for transportation of OB and chrome ore.
The company has few nos. of vehicles. The major repairing of these
vehicles is being done at outside workshop and minor repairing is
being done in our garage. Hence, discharge of workshop effluent is
nil.

The total surface runoff water is being collected in settling pond
which are pumped to the ETP for treatment before final discharge.

Separate impervious concrete pits for
disposal of sludge shall be provided for
the safe disposal of sludge generated
from the mining operations.

The sludge generated from mining operations contains chrome ore.
It is being fed in Beneficiation Plant to separate the Chrome.




10. | The Project proponent shall ensure that | The effluents from tailing pond are not discharged outside. The
the quality of decanted effluents from supernatant water of the tailing pond is being collected in a sump
the tailing pond confirm to the adjacent to the tailing pond and re-circulated in Beneficiation
prescribed standards before discharge. | Plant.

11. | The Project proponent shall explore The Conc. of Cr *6in tailings is being reduced by adding FeSO4 solution
the possibility to reduce and disposed in the tailing pond.
concentration of Cr *°in the tailing Further, we are on the process of engaging BHU professor for
pond in consultation with an Expert adopting suitable technology to reduce the Cr+6, if any available.
Scientific Institution like NEERI.

12. | Plantation shall be raised in an area of Plantation has been done over inactive/dead benches of OB dumps,
33.02 Ha including green belt in an Roadside, around C.0O.B. Plant and other places in an area of 34.92
area of 6.56 Ha by planting native Ha. Plantation is being carried out in consultation with local Forest
species around ML area, OB dumps, Department.
and roads around worked out area
etc. in consultation with local
DFO/Agriculture Department . The
density of the trees should be around
2000 plant species per hectare.

Plantation in Benches of the Inactive/dead dump
Plantation along the haul road
13. | Regular monitoring of ground water Monitoring of ground water level & quality is being carried out third

level & quality should be carried out
by establishing a network of existing
wells and constructing new
piezometers during the mining
operation. The monitoring should be
carried out four times in a year— pre-
monsoon (April -May), monsoon
(August), post - monsoon (November)
and winter (January) and the data
thus collected may be sent regularly
to MOEF, Central Ground Water
Authority and Regional Director
Central Ground Water Board.

party accredited agency.
Further, DWLR with telemetry system fitted in Piezometer holes to
carried out the real time monitoring of Ground water level.

The Monitoring reports has been sent & the monitoring report for
the period from April’2021 to September’2021 is enclosed as:
Ground water level & Quality :Annexure No.-3 &4




14. | The project proponent shall carry The monitoring test reports of ground water quality in 9 wells have
out regular monitoring of ground been analyzed & concentration of Cr *6 are within the limit. Copy
water quality in all the 14 wells. The enclosed as Annexure No. - 5.
frequency of monitoring in 8 wells
where concentration of Cr*6is within
permissible limits, will be quarterly
while in the remaining 6 wells it
will be on monthly basis.

15. | Project Authorities should meet As a part of peripheral development nos. of borewell have been
water requirement of the peripheral constructed in nearby villages and also potable water is being
village(s), especially, if the village provided to nearby villages by water tankers.
wells go dry due to mine de - Reading of the abstraction structures, used for water supply to local
watering. commugity are enclosed for reference as Annexure No.:6

Water provided to nearby village by tankers
16. | Permission from the competent NOC has been obtained from Central Ground Water Authority,

authority should be obtained for drawl
of ground water for domestic use.

Ministry of Water Resources, New Delhi vide letter no.21 -
4/1456/0R/MIN/2017 -1735 dated 28.08.2018 for ground water
withdrawal.

Renewal of NOC is under process.




17. | Suitable rain water harvesting measures| Rainwater has been collected in different pits for suitable rain water
on long-term basis shall be planned harvesting measures.
and implemented in consultation with
Regional
Director, CGWB.

Rooftop Rain-Water Harvesting Garland drain

18. | Drills should be wet operated or Wet Drilling is being practiced.
operated with dust extractors.

19. | Blasting operation should be carried Blasting operation is being carried out in day time only. Controlled
out only during the daytime. blasting is being practiced by following Nonel & muffle blasting.
Controlled blasting should be Delay detonators are used for providing delay timings between rows
practiced. To mitigate measures for and within rows of holes. Numbers of rows in a blast are restricted
control of ground vibrations and to to less than three to get good fragmentation and to reduce fly rocks
arrest fly rocks and boulders should and ground vibration.
be implemented.

20. | The voids created at the end of The same will be implemented at the end of mining operation. It
mining shall be converted into water has already been prepared in Mining Plan & submitted to IBM,

Body with shallow depths not Bhubaneswar
exceeding 30m.The higher benches of

the excavated void/mine pit shall be

terraced and plantation done to

stabilize the slopes.

Peripheral fencing shall be done along

the excavated area.

21. | Vehicular emissions should be kept Vehicular emission of all machinery used in mining operations are
under control and regularly being monitored regularly and kept under control of rigorous
monitored. Measures shall be taken maintenance of all engines and changing of lubricants as per the
for maintenance of vehicles used in recommendation of the manufacturer. HEMMs have valid PUC
mining operations and in Certificate which is only allowed for operation inside the Mines. All
transportation of mineral. The the transporting vehicles are being covered with tarpaulin and over
vehicles should be covered with a loading are strictly avoided.
tarpaulin and shall not be overloaded.

22. | Consent to operate should be Consent to operate has been obtained from SPCB, Bhubaneswar.

obtained from SPCB before enhancing
Production capacity of the mine.

There is no proposal of enhancing the production capacity of the
mine.
CTO has been enclosed for as Annexure No.-7




23.

Sewage treatment Plant should be
installed for the colony. ETP should
also be provided for workshop and
wastewater generated from Mining
operations.

There is no colony inside the ML area. Almost all mining machineries
and transporting vehicles are being engaged on contract basis for
transportation of OB and chrome ore. The company has few Nos. Of
vehicles. However, major repairing of the vehicles is being done at
outside workshop and minor repairing is being done in our garage.
Hence, discharge of workshop effluent is nil. An ETP has already
been established for treatment of mines water.
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Effluent Treatment Plant

24.

A final mines closure plan along with
details of corpus fund should be
submitted to the Ministry of
Environment & Forests 5 years in
advance of final mine closure for
approval.

The same will be submitted in due time to MOEF for approval.




GENERAL CONDITIONS:

:II(')' Condition Compliance Status

1 No change in mining technology & scope| The Mining technology & scope of working has not been
working should be made without prior| changed.
approval of the MoEF.

2 No change in the calendar plan including | The calendar plan including excavation, quantum of mineral
excavation, quantum of mineral Chromitg Chromite and waste over burden has not been changed. The
and waste should be made. calendar plan including excavation, quantum of mineral

chromite and waste over burden has been generated during
the period (April 2020 to March, 2021) is given in Annexure
No. -8.

3 Conservation measures for protection As per the advice of Forest Department, we are maintaining
of flora & fauna in the Core & Buffer vehicles, watchman and infrastructural facility as measures to
Zone should be drawn up in protect Flora & Fauna in core & buffer zone.
consultation with local forest & wildlife
department.

4 Four ambient air quality -monitoring Ambient Air quality monitoring stations has already been
stations should be established in the established in consultation with SPCB.

Core zone as well as in the Buffer zone e .
for RPM, SPM, SO2& NO x monitoring.
Location of the stations should be
decided based on the meteorological
data, topographical features, and
environmentally and ecologically
sensitive targets in consultation with
the State Pollution Control Board.
Ambient Air Quality Monitoring System
5 Data on ambient Air Quality (RPM, SPM, | Test reports on Ambient Air Quality monitoring viz., PM 10, PMzss,

SO, &

NO x) should be regularly submitted to
the Ministry including its Regional
Office at Bhubaneswar and the State
Pollution Control Board / Central
Pollution Control Board once in six

months.

SOy, NOx & CO is being monitored & submitted regularly.
Monitoring report for the period April, 2021 to Sept, 2021 is
enclosed as follows:

Annexure No.-9 : Core Zone

Annexure No.-10 : Buffer Zone




Fugitive dust emissions from all the
sources should be controlled regularly.
Water spraying arrangement on haul
roads, loading & unloading and at
transfer points should be provided and
properly maintained.

Control of fugitive dust emissions is being carried out by water
spraying on haul roads, Ore handling yard, loading and
unloading points regularly. The test report of the same is
enclosed as Annexure No.-11.

Water sprinkling in haul road

Measures should be taken for control of
noise levels below 85 dB (A) in work
environment.

Workers engaged in operations of
HEMM, etc. should be provided with ear
plugs / muffs.

Control measures such as maintenance of all machines including
checking of silencers regularly, controlled blasting using delay
detonators, installing immovable machinery on foundations with
suitable rubber pad and closed rooms is being followed -up. The
workers engaged at noise generating areas are allowed to work on
rotation basis with providing earplugs/muffs.

Location wise noise level at work environment is enclosed as
Annexure No. -12.

Industrial wastewater (workshop &
wastewater from the Mine) should be
properly collected, treated so as to
conform to the standards prescribed
under GSR 422 (E) dated 19th May 1993
and 31st December 1993 or as amended
from time to time. Oil & grease trap
should be installed before discharge of
workshop effluents.

The Mines wastewater is being pumped out directly in to the
intake tank of the ETP for treatment of Cr*® and part of the treated
water is used for plantation, dust suppression and surplus treated
water is finally discharged to outside ML area. The analysis of this
water shows that all parameters are well within the prescribed
limit. The analysis report of Mines final discharge water after
treatment in E.T.P., for the period April, 2021 to Sept, 2021 is
enclosed as Annexure No.-13.

Almost all mining machineries and transporting vehicles are
being engaged on contract basis for transportation of OB and
chrome ore. The company has few nos. of vehicles. The major
repairing of these vehicles is being done outside mines and minor
repairing is being done in our garage. Hence, discharge of

workshop effluent is not envisaged.




Personnel working in dusty areas should
wear protective respiratory devices and
they should also be provided with
adequate training and information on
safety and health aspects.

Occupational health surveillance
program of the workers should be
undertaken periodically to observe any
contractions due to exposure to dust
and take corrective measures, if needed.

In addition to water spraying to suppress dust generation, workers
engaged in dusty areas such as drillers, dumper drivers, HEMM
Operators are being provided with nose masks as precautionary
measure. Training & information on safety, health hazards are
being given to all categories of deserved workers.

Occupational health surveillance program to all categories of
workers and employees are being conducted.

10

A separate Environment Management
Cell with suitable qualified personnel
should be set -up under the control of a
Senior Executive, who will report directly
to the Head of the Organization.

A separate Environment Management Cell with qualified personnel
and well-equipped Environment Engineering Laboratory is
functioning under the control of a Senior Executive.

Besides we are carrying out all Environmental monitoring &
analysis through a MoEF & NABL accredited laboratory M/S
VisionTek Consultancy Services Pvt. Ltd., Bhubaneswar & the
monitoring reports are enclosed as Annexures.

11

The Project authorities should inform to
the Regional Office located at
Bhubaneswar regarding date of financial
closures and final approval of the Project
by the concerned authorities and the
date of start of land development work.

The final approval of the Project is 06.12.2006. It is a mining
industry. Hence, land development work is a continuous process.

12

The funds earmarked for environmental
protection measures should be kept in
separate account and should not be
diverted for other purpose. Year wise
expenditure should be reported to the
Ministry and its Regional Office located
at Bhubaneswar.

Separate funds provision is made to carryout environmental
protection measures. Details of expenses during the year 2021-22
is given in Annexure No. -14
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Annexure No.-1

CSIR-CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH,
BARWA ROAD, DHANBAD

REPORT ON

SCIENTIFIC STUDY FOR OPTIMAL DESIGN AND
STABILITY ANALYSIS OF PIT AND OVERBURDEN DUMP AT
OSTAPAL CHROMITE MINE, VEDANTA (FACOR MINES) LTD

SPONSORED BY:
M/s VEDANTA (FACOR MINES) LTD

JUNE 2021

REPORT ON SCIENTIFIC STUDY FOR STABILITY ANALYSIS AND DESIGN OF PIT AND DUMP OF
OSTAPAL CHROMITE MINE, VEDANTA (FACORMINES) LTD PAGE |1



Annexure No.-1


@CSIR— CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH, DHANBAD

CSIR-CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH,
BARWA ROAD, DHANBAD
(Council of Scientific and Industrial Research)

Project Title : Scientific Study for Optimal Design and Stability Analysis of
Pit and Overburden Dump at Ostapal Chromite Mine,
Vedanta (FACOR Mines) Limited.

Project Number : CNP/5033/2020-21
Project Leader :  Ajit Kumar

Project Co-ordinator :Jitendra Kumar Singh
Project Collaborators: : Sanjay Kumar Roy

Kartik Varwade
Rakesh Kumar Singh
Manish Kumar
Prince Kumar
Swapan Mahato

June 2021

Note:

1. The report is meant only for internal use of the sponsor and it should not be published in full
or part by the sponsor or any of its staff members. It should not be communicated or
circulated to outside parties except concerned Government department. CIMFR reserves the
right to publish the results in a general way for the benefit of industry without disclosing the
name of the sponsor.

2. Recommendations stipulated in the report should be implemented under the supervision of a
competent agency and strictly be followed.

Project Leader
(Ajit Kumar)
Chief Scientist
Slope Stabilisation and Landslide Management

Project Coordinator
(Jitendra Kumar Singh)
Chief Scientist & HORG
Slope Stabilisation and Landslide Management

CSIR-CIMFR Authorised Signatories

(P K Mishra) (RV K Singh)
Sr. Principal Scientist & HOS Chief Scientist & Coordinator
Project Planning and Monitoring Project Planning and Industry Interface
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SCIENTIFIC STUDY FOR OPTIMAL DESIGN AND STABILITY
ANALYSIS OF PIT AND OVERBURDEN DUMP AT OSTAPAL
CHROMITE MINE, VEDANTA (FACOR MINES) LTD

INTRODUCTION

M/s Vedanta (FACOR Mines) Ltd entrusted the work for carrying of Slope Stability
Studies of Pit Slope and Dump Slope of Ostapal Chromite Mine located in Odisha to CSIR-
Central Institute of Mining and Fuel Research (CSIR-CIMFR), Dhanbad. Objective of study
was to carry out the slope design of pit for ultimate planned pit depth, and dump design for
ensuring safety of pit and dump. A combined analysis of pit and dump as composite slope
was also to be done as the external OB dump was close to pit. Pit slope dewatering or
depressurization scheme along with other recommendations were to be suggested for

ensuring safety of men and machineries with reference to slope stability of pit and dump.

CSIR-CIMFR took up the work of scientific study and carried out field investigation,
geomechanical testing of pit and dump materials, and slope stability analysis. The outcome of
scientific study along with pit and dump slope design along with appropriate
recommendations for ensuring safety and stability of Pit and OB dump have been presented

in this report.

LOCATION & COMMUNICATION

Ostapal Chromite Mine, in Sukinda ultramafic complex, is located in Kaliapani
village of Jajpur district of Odisha. Mining lease was granted in the year 1985 and
subsequently mining was started using opencast method with HEMM deployment and is
continuing till date. The mine is connected with the nearest rail head at Jajpur-Keonjhar Road
Railway Station on Howrah—Bhubaneswar—Chennai line of SE railway by an all weather road
of 100 km via Duburi and Tomka. The leasehold area is linked with Daitari-Paradeep Express
Highway. State capital at Bhubaneswar and district head quarter at Jajpur is located at road

distances of 150 km and 53 km respectively from leasehold area of Ostapal Mine.
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A location map of Jajpur district of Odisha in which Ostapal Chromite Mine of M/s
Vedanta Ltd is located is given in Fig. 1 and 2.

similipal
NationallPark

Kerajodi

Kantapal

Fig 2: Location Map of Ostapal Chromite Mine (Close View)
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PHYSIOGRAPHY & DRAINAGE

The Sukinda valley area comprises of hilly and undulating terrain. The northern part of the
Sukinda Valley is marked by Daitari hill range which rises sharply from about 140 m above
mean sea level to more than 600 mRL. There are peaks exceeding 800 mRL in Daitari hill
range. At places hills are marked by very steep escarpments. The southern part of the valley
is bounded by Mahagiri hill range, which is also very steep and rises to more than 300 mRL.
In Mahagiri hill range also there are a few bare rocky cliffs. The hills are densely forested.
The south-west and slopes from north to south.

The entire lease area of Ostapal is flat terrain having a gentle slope of about 2° from North to
South. The highest ground elevation in this area is lying in the Northern Part of the lease area
at an altitude of 158 mRL and the lowest relief in this area is 135 mRL in the southern part.
The principal drainage channel of the Sukinda valley is DamsalNala which flows from east to
west. Several seasonal and perennial channels flow down from the Daitari hill range and the
Mahagiri hill range to join the DamsalNala. A few of the drainage channels emerging from
Mahagiri hill range flow north and north-west to join DamsalNala. DamsalNala gradually
bends towards the south-west and on emerging from the Sukinda valley turns south to join
the Brahmani River.

CLIMATE & RAINFALL

The climate of the region in tropical humid with mild cold The study area lies in tropical
region where climate is characterized by very hot summers and cool winters. Summer is
typically from March to June when daily average maximum temperature ranges from a
maximum of 43°C during daytime to a minimum of 16°C at night. Winter is from November
to February when daily average maximum temperature during day goes up to 30°C and
minimum temperature at night becomes as low as 10°C. The Southwest monsoon lasts from
mid-June to mid-September and the area gets more than 75% of the annual rainfall during
this period. The average annual rainfall for the past 10 years (2010-2019) was recorded as
1678 mm. The maximum rainfall 2312 mm was recorded during the year 2019 and minimum
1093mm in 2010.
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GEOLOGY & OREBODY

The chromite deposit of Ostapal Chromite Mine forms a part of famous chromite bearing
Sukinda ultramafic complex. The Sukinda ultramafics belong to the metamorphosed rocks of
Pre-Cambrian age. Sukinda ultramafics form a major intrusive into the older rocks and occur
as intrusive. The intrusive has width of 2-5 km and extends for about 20 km in ENE-WNW
direction from Kansa in the east to Maruabil and beyond in the west. The ultramafic body
consists essentially of magnesium-rich dunite devoid of chromite bands and subordinate
amount of pyroxenite devoid of chromite mineralization. The pyroxenite is relatively fresh
but the dunite—peridotite members are highly serpentinised and intensely laterised. The
granite is exposed at several places. However, generalized Stratigraphy of Sukinda ultramafic

complex is shown in Table 1 as follows:

Table 1: Generalised Stratigraphy of Sukinda Ultramafic Complex

Recent to Pleistocene Soil, Alluvium, Laterities

----------- Unconformity-------------------------

Dolerite, Granite, Gabbro-diorite

Precambrian Ultramafics Pyroxenite, Dunite-peridotite with

chrome ore

Meta-sediments and | Gritty quartzite Meta-Volcanics

meta-volcanics

Base not seen

Small exposures of diorite rocks are found in Kathpal and Bhimtanagar. Besides, several
dolerite dykes have intruded into the ultramafics, quartzites as well as the granites. This
happens to be the last stage of igneous activity in this Precambrian terrain. Soil, alluvium and
laterite of recent origin are overlying the ultramafics unconformably.

Structurally, the lower sequence of the Iron ore super group has been folded into a broad
syndrome plunging at a low angle of 15° to 20° based on the direction derived from the cross
beddings. The Sukinda syndrome is established as asymmetrically syncline with apex of the
fold centering around Kansa village. As a result, the ore bodies of the region represent a horse
shoe shaped structure. The whole group of rocks was affected by two boundary faluts running

with the northern and southern margins of the ultramafic body. Rocks of the area have
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undergone tectonic deformation resulting in the development of asymmetrical syncline and
realignment of Chrome ore bodies dictated by pressure.

The Serpentinised dunite-peridotite members have been subjected to intense chemical
weathering resulting in the formation of nickel rich limonite cover with relics of serpentinite
and talc schist. The primary Chrome ore bodies confined to these serpentinite—limonite
horizons have also undergone weathering and given rise to friable Chrome ore. The laterised
ultramafics have been silicified giving rise to distinct cherty horizons. It has been found that
weathered and altered zone extends down to a depth of 70m in some places while in other
places it has extended down to a depth of 200m from surface. However, some bore hole data
reveals that below 70m depth is the possibility of meeting hard formation continuously
downward. Due to weathering some alteration has taken place in the original rock resulting in
formation of brown serpentinite, green pyroxenite, yellowish brown to reddish brown
nickeliferous limonite and dark brown to grayish brown dolerite. There has been large scale
ferrugination of the rocks and Chrome ore bodies and silicification of the rocks in the region.
As a result ultramafics are highly limonised. In certain places talc-serpentine schist have been

converted into sticky clay. Granite rocks are also exposed in many areas in this region.

METHOD OF MINING

The opencast mining of chromite ore is being carried out by removing the overburden, side
burden / intermediate burden by making suitable benches in all direction of the quarry. Waste
materials are removed from the quarry directly by shovel/dumper/dozer combination to the
dump yard. Similarly, ores are removed from the quarry. Hard portion of the quarry which
cannot be directly excavated by the machines requires drilling and blasting with large
diameter holes. Blasted fragments are removed by the machine to the waste dump yard.
Shovels are utilized with bucket capacity of 1.5 m® with digging height capability up to 10m.
110mm diameter drilling machine is used for drilling of shot holes. Plaster shooting/pop
shooting is done for secondary blasting. Tire mounted front end loader is used for re-handling
purposes. Other machineries which are utilised in the mine are compressor, diesel and electric

pumps, explosive van, etc.

The bench height are typically kept with 7-8m height, 10-12m width and overall slope of 26°
to 30°. Drains and barriers are constructed all along the longitudinal direction of one side of

the bench edge for smooth flow of water to next lower bench and safe running of vehicles on
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the quarry benches. The process continues till reaching pit bottom. Benches are connected
with each other with short ramps of 1 in 10 gradient. Main ramps/ haul roads are kept with 1
in 14 gradient. Sufficient side drains and cross drains are also provided to keep the road dry
in all seasons including rainy season. It is advisable to continue this opencast method of

mining along with design and recommendations provided in this report.

SLOPE STABILITY

The importance of safe, professionally designed and scientifically engineered slopes
of the mine and dumps are well known. The benefit of an open pit operation largely depends
on the use of the steepest possible slopes for pit and dumps, which should not fail during the
intended life. So, the design engineer is faced with the two opposite requirements, stability
and steepness, in designing the deep open pit slopes or high and steep overburden dumps.
Steepening the slopes of a mine, thereby reducing the amount of material to be excavated,
can save a vast sum of money. Similarly steepening and heightening of overburden dumps
with adequate precautionary measures permits high quantity of OB material to be
accommodated in less land area for dumping. At the same time excessive steepening may
result into slope failure leading to loss of production, extra stripping costs to remove failed
material, reforming of benches, rerouting of haul roads and production delays. Directorate of
Mines Safety may even close the mine or dumping operation on dump in case unsafe
conditions are created. Therefore, it is necessary that a balance between economics and safety

should be achieved.

The slope stability department of CSIR-CIMFR is rendering its services for optimum
and safe slope designs of mines and dumps for different mining companies all over India.
During last about 30 years, CIMFR has completed hundreds of slope design and safety

monitoring projects in coal and non-coal sectors for pits and dumps.

The stability of the slope primarily depends on the slope geometry and strength
properties of the slope materials. Ground water and surface water flow conditions also plays a
critical role on the stability of dump and pit slopes. The orientation and other properties of
discontinuity planes in rock mass with respect to slope face determines the types of failure
possible within that slope. Generally, plane, wedge, circular and toppling types of failure
occur in rock slopes as shown in figure 3, 4 and 5, while in soil slopes and weathered / highly

fractured rock slopes circular failure is the main type of failure. After identifying

REPORT ON SCIENTIFIC STUDY FOR STABILITY ANALYSIS AND DESIGN OF PIT AND DUMP OF
OSTAPAL CHROMITE MINE, VEDANTA (FACOR MINES) LTD PAGE |8




F
=% CSIR- CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH, DHANBAD"‘@‘F

kinematically possible failure modes, detailed slope stability analysis is carried out by limit
equilibrium method for optimum slope design.

A -
o\ J .

9

IEig. 4: edge Failure

o b

BT o ?
P = -._,.‘,M;:._ 2&

ig‘.‘5: Circular failure

REPORT ON SCIENTIFIC STUDY FOR STABILITY ANALYSIS AND DESIGN OF PIT AND DUMP OF
OSTAPAL CHROMITE MINE, VEDANTA (FACOR MINES) LTD PAGE |9




@CSIR— CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH, DHANBA

GEO-TECHNICAL PROPERTIES OF PIT AND DUMP

Engineering properties of materials of Pit and OB dump will influence the analysis for
slope stability. The average value of relevant strength properties, which were determined in
the soil and rock mechanics laboratory of CIMFR and subsequently used for slope stability
analyses of the Pit and Dump of Ostapal Chromite Mine of M/s Vedanta Ltd are summarized
in Table 2. The properties were determined on the samples collected from the existing
benches of pit and OB dump. Properties along with sound engineering judgement was used in
the process of analysing and evaluating the stability of pit and OB dump under different

geometrical configurations.

Table 2. Geo-Mechanical Properties of Material

Sr. | Lithology Cohesion Friction angle Density
No. (kPa) (degree) (KN/md)
1. Laterite 125 32 18.2
2. Medium Hard Serpentinite 190 31 19.6
3. | Orebody 150 325 20.4
4, Quartz/ Hard Rock 290 33 23.7
5. | OB Dump Material 85 28.0 16.0

SLOPE STABILITY ANALYSIS

The limit equilibrium method is widely accepted and commonly used design tool in
slope engineering. The failure analysis was done by GALENA software, which is based on
limit equilibrium method. In this method, it is assumed that sliding occurs when a limit
equilibrium condition is reached, i.e., when the resisting forces balance the driving forces.
These methods are the most widely accepted and commonly used design methods and they
permit a quantification of slope performance with the variations in all the parameters
involved in the slope design. The basic idea behind the limit equilibrium approach is to find a
state of stress along the failure surface so that the free body, within the slip surface and the
free ground surface, is in static equilibrium. This state of stress is known as the mobilized
stress, which may not be necessarily the actual state along this surface. This state of stress is
then compared with the available strength, i.e., the stress necessary to cause failure along the

slip surface.
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Limit equilibrium analysis considers the slope performance only at the equilibrium
condition between the resisting and disturbing forces for sliding. To represent the slope
performance other than the equilibrium condition, it is necessary to have an index and the
widely used index used to be factor of safety. Factor of safety is calculated as the ratio of
shear strength to the available shear stress required for equilibrium, integrated through the
whole slide. It is assumed to be constant throughout the potentially sliding mass. Due to
scatter of test results and the uncertainty of these input parameters, a cut-off value of 1.3
safety factor is recommended for pit slope stability analysis on the basis of the long term
stability (Hoek and Bray, 1981), however we have kept a safety factor of more than 1.5
keeping in view the DGMS circular no. 03 of 2020, dated 16-01-2020.

Water table within the slope mass and the implementation of different remedial
drainage measures and water management measures have been taken into consideration in the
process of slope design. It is one of the principles of the open pit design that some localized
instability may occur, which will influence a relatively small area especially during monsoon.
This is consistent with the mining environment. It should be acknowledged that some clean-

up may be required within the pit or dump, particularly after the monsoon season.

The slope stability analyses of planned, and ultimate pit and dump slopes have been
done on representative cross sections provided by the mine management using GALENA
software. Surface plan of the mine showing pit and dumps and locations of sections is given
in Fig. 6 and 7. The existing transverse sections have been shown in fig. 8 to 13 and
longitudinal section along LL’ is shown in Fig. 14. Locations of these sections have been
shown on plan in fig. 7. Transverse sections along Sect-4 and Sect-5 are deeper planned
sections hence stability analysis for factor of safety of hangwall and footwall slopes have
been done along Section 4 and 5. Stability analysis has also been performed for longitudinal
section along LL’. Results of slope stability analysis and design of slopes have been

presented in Fig. 15 to 22.
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Fig. 11: Ostapal mine Sect-5 (Overall View)
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Fig. 15: Slope stability analysis of Footwal Pit along Section Sect-4
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Fig. 16: Slope stability analysis of Hangwall Pit along Section Sect-4
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Fig. 17: Slope stability analysis of Planned Footwal Pit along Section Sect-5
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Fig. 18: Slope stability analysis and Design of Ultimate Longitudinal Section along LL’
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Fig. 19: Design of Ultimate Hangwall Pit along Section Sect-5
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Fig. 20: Design of Ultimate Footwal Pit along Section Sect-5
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Fig. 21: Stability analysis of planned Hangwall Pit along Section Sect-5
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Fig 22: Slope stability analysis of Longitudinal Section LL” West Side
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SLOPE STABILITY ANALYSIS OF OVERBURDEN DUMP
Existing OB dump plan of North and South OB Dump has been given in Fig. xxx and

xxx and the sections of north and south dump at different locations have been shown in Fig.
xxX. Magnified Views of some of these existing and planned sections of dump have been
provided in Fig. 25 to 29. Stability analysis of different sections of dumps have been given in
Fig. 30 to 34. Maximum dump height existing is 80-85m. Analysis of dump slope stability for

dump design was performed for maximum planned height of 90m and the result is shown in

Fig. 30 to 34.
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Fig. 23: Plan of North and South Dumps of Ostapal Chromite Pit
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Fig. 24: Sections of North and South OB Dumps
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Fig. 25: Longitudinal Section of North OB Dump along Section AA’
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Fig. 26: Western Part of Section AA” of North Dump
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Fig. 27: Eastern_Part of North Dump along Section AA’
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Fig. 28: Planned Section along BB’
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Fig. 29: Ostapal Dump_Section along EE’
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Fig 30: Slope stability analysis of South OB Dump (Left Part) along Section-4

PAGE |30

REPORT ON SCIENTIFIC STUDY FOR STABILITY ANALYSIS AND DESIGN OF PIT AND DUMP OF
OSTAPAL CHROMITE MINE, VEDANTA (FACOR MINES) LTD




%

@CSIR— CENTRAL INSTITUTE OF MINING AND FUEL RESEARCH, DHANBAD'

yoieasay [and 3 Buuly Jo aymusul [eRUSD L

JW6'LHON ™ dWNA MH ¥ L03S VLSOWLYAAISHI NNYTVOONQ 8l

LHOIY dINNG ¥ LO3S VLSO Jo sishleue Ayjiqess adojs :6id

LHOIN dWNG Lid MH ¥ LO3S VLSO Jalold

ovgussn NI TVO
0585 008S 0SS 0045 0595 0095 0555 00SS 0SvS
LIS Asages 40 Joped [eaquD T - . T ; T ; : : g; -
Synsay
Jenosny 8oeuns
paynduwig dousig powisi
sishjeuy Apgers sjdanpy ———. |
L S | _ ;. X
| = /
| . #
) - 340/
| | /
| - — ooze
| |
[ | 3JLINILNIJY3S )
|
,ﬂ ,l — 052z
i
{ | JLINIINIdY3S
| we :id o 1yBiay youag —{ ooge
m saibep 1z Vedubdung p abuy adois BKR. e a ~
I3 80 HLNOS
|| wyg :dwnq Jo 1yB1aH 11e9A0
[ | o _
m | 1HOIA dWNA ¥ 103S VLSO 40 SISATYNY ALITIBYLS - osee
1 =
| |
v _
1
—{ oo¥e
1 1 1

Fig. 31: Slope stability analysis of South OB Dump (Right Part) along Section-4
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Fig. 32: Slope stability analysis of North OB Dump along Section-5
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Fig. 33:: Slope stability analysis of OB Dump on Footwall Slope of Section-4
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Fig. 34: Stability Analysis and Design of 90m high North Dump of Ostapal Chromite Mine
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Fig. 35: Stability analysis of Pit and Dump combined slope along Sect-4 Fotwall
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Fig. 36: Stability analysis of Pit and Dump combined slope along Sect-5 Fotwall
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Fig. 37: Stability analysis of Pit and Dump combined slope along Sect-4 Hangwall
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Fig. 38: Stability analysis of Pit and Dump combined slope along Sect-5 Hangwall
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COMBINED ANALYSIS OF PIT AND DUMP

Combined pit and dump sections were analysed for stability along footwall slope and

hangwall slopewith North OB dump and South OB dump. Analysis results along sections
Sect-4 and Sect-5 have been shown in Fig. 35 to 38.

The analysed factor of safety of the proposed ultimate Pit, Dump, and Combined Pit and

Dump along different sections have been summarized in Table 3.

Table 3: Slope Stability Analyses of Ultimate Pit Slopes, Dump Slopes and Combined Slopes

SI No. Description FOS Figure
1 Stability Analysis of Planned Footwall Pit along Section Sect-4 2.35 Fig. 15
2 Stability Analysis of Planned Hangwall Pit along Section Sect-4 2.01 Fig. 16
3 Stability Analysis of Planned Footwall Pit along Section Sect-5 243 Fig. 17
4 Stability Analysis and Design of Ultimate Pit Slope along LL’ 1.59 Fig. 18
5 Stability Analysis and Design of Ultimate H/WI Pit Slope along Sect-5 1.61 Fig. 19
6 Stability Analysis and Design of Ultimate F/W Pit Slope along Sect-5 2.25 Fig. 20
7 Stability Analysis of Planned Hangwall Pit along Section Sect-5 1.95 Fig. 21
8 Stability Analysis of Planned Pit Slope along section LL’ west 1.74 Fig. 22
9 Stability Analysis of Existing South Dump Slope (left) along Sect-5 2.63 Fig. 30
10 Stability Analysis of Existing South Dump Slope (right) along Sect-5 3.11 Fig. 31
11 Stability Analysis of North OB Dump along Sect-5 1.83 Fig. 32
12 Stability Analysis of North OB Dump along Sect-4 2.01 Fig. 33
13 Stability Analysis and Design of 90m high North OB Dump 1.78 Fig. 34
14 Stability Analysis of combined pit and dump along Sect-4 Footwall 2.16 Fig. 35
15 Stability Analysis of combined pit and dump along Sect-5 Footwall 2.22 Fig. 36
16 Stability Analysis of combined pit and dump along Sect-4 Hangwall 2.01 Fig. 37
17 Stability Analysis of combined pit and dump along Sect-5 Hangwall 1.96 Fig. 38

The analysis shows that the large-scale failure is unlikely for planned pit and dump

but small-scale failure cannot be completely ruled out. The main philosophy in slope design

is to avoid large-scale failure. Localised bench failure does not cause great concern as it can

be arrested on the lower benches, which can be cleaned. So, machinery access on the benches

must be maintained.
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It may be noted that a few small-scale failures may subsequently cause a big failure. If
about three benches are made steeper at any level in any part of the pit then it may initiate
failure. Although the overall slope angle may be quite low but the steeper slope angle of three
benches may increase the stress at the toe of relatively steeper part of the slope, which may
cause failure. Two or three such small failures may cause a big failure. So, benching should
be done properly from top to bottom.

Attention must be paid to avoid entry of rainwater in the slopes by providing suitable
drainage in and around the mine and dump. The rainwater should not be left to flow in/ along
the slopes in an uncontrolled manner. It should be taken up well before the onset of monsoon

for existing and the final slopes both.

Table 4: Design of North Dump of Ostapal Chromite Mine

Dump Parameters

Maximum Terrace | Minimum Exposed Angle of repose (deg.)
Height (m) Terrace Width (m) for each terrace
10m between
15 different terraces 37

Salient Designed Parameters are summarized as:

e Maximum height of dump: 90m

e Maximum height of each terrace: 156m

e Fourth terrace: Height 15m

e Minimum Terrace Wdth: 10m between consecutive terraces.
e Bench slope angle of one lift: 37 degree

e Overall Slope of 90m high OB dump: < 28 degree
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Table 5: Design of Ultimate Pit Slope of Ostapal Chromite Mine upto +5 mRL

Salient Designed Parameters are summarized as:

e Maximum Bench Height: 8m

e Minimum Exposed Bench Width: 8m

e Bench Slope Angle: not more than 70 degree

e Overall designed pit slope height (from surface to +5 mRL):
Maximum 136m on Hangwall side,
Maximum 149m on Footwal side.

e Overall Pit Slope Angle Recommended:
Hangwall Slope: < 36 degree
Footwall Slope : <24 degree
East and West Sides: 36 degree

If the pit and dump slopes are not kept in drained condition then the factor of safety
would reduce substantially. However, it may be recalled that the most likely condition of the
slope was already adjudged to be drained condition through implementing drainage, water
management and slope depressurization measures as recommended. Under drained condition,
dump slopes are likely to be stable with available shear strength of the dump material. In
order to avoid undrained condition, attention must be paid to avoid entry of rain / surface
water in the slope or dump mass by providing suitable drainage in and around the dump,

failing which the dump slope may become unstable.

Drainage and water management

The rainwater of the adjacent catchments area should not be allowed to enter in to pit in an
uncontrolled way. It causes erosion and deep gullies in the weak formations, which in turn
may result in failure in due course of time. So, the rainwater of the catchments area should be
directed away from the pit or dump. Effective garland drain should be provided around pit

and dump.
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The influence of water is alarming; hence every attempt should be made to divert the water
away from the pit and proper drainage pattern should be effectively maintained. A proper

gradient helps for quick run-off of water.

The upper surface of the pit and dump should be properly graded to divert the run-off of
rainwater away from the pit and dump. The proper leveling and grading of benches (for about
2 to 3 degrees) should be done for quick run-off of rainwater. During rains, one person should
check the flow path of the rainwater to make the existing drainage system more effective.
Rainwater of the dump need to be taken down the dump in a controlled manner through
effective toe drain on each lift of dump. Such toe drain may be made up of RCC or any
impervious material such as geomembrane to channelize the water. HDPE/ PVC pipe may
also be used to bring pit and dump water from one level to lower level. Adequate precautions
should be taken to avoid clogging of the pipe by sediments of dump material. Drains / water

channels should be cleaned periodically to keep them effective.

Management of Water through Horizontal Drain Holes For Ostapal
Chromite Pit

Based on analysis of physical observations of water seepage conditions at Ostapal Chromite
Mine, hydrological report of the mine, and additional inputs provided by mine management
on seepage locations, CSIR-CIMFR recommends the slope water management plan as for
slope depressurization as follows. It is advisable to implement the recommendations at the
earliest to improve the condition of slope stability at the mine. Water seepage and wet slope
wall problems existing at Ostapal Chromite mine can be seen from through figures 39,40 and
41.
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Fig. 39: Water seepage from slope wall

Fig 40: Water seepage from several places of slope wall
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Fig 41: Moist slope wall due to presence of water in slope.

Slope depressurization through horizontal drains will also provide opportunity of further
steepening of the slope from existing slope angle. Slope depressurization through a system of
horizontal drains as suggested will improve the slope stability significantly.

Five water seepage locations (S/1, S/2, S/3, S/4 and S/5) were identified at Ostapal Chromite
Mine whose locations (Easting, Northing and RL) have been shown in fig. 42 and Table 6.
Horizontal drainage holes are recommended for depressurization of slope walls and for
pushing back the phreatic surface away from slope walls of pit. This will improve the
stability of slope and the steepening of slope will be feasible due to increase in shear strength
of slope walls. Position and orientation of the horizontal holes are shown in Fig. 44, 45 and
46 and Table 7. Schematic sectional view of horizontal drainage holes (4 inch diameter hole
with about 3 inch slotted or perforated PVC casing) is shown in Fig. 43. Drainage holes

should be kept inclined upward at 5 degree from horizontal.
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TABLE 6: LOCATIONS OF 5 MAJOR SEEPAGE POINTS OF OSTAPAL CHROMITE MINE

SEEPAGE LOCATION
POINT

X Y RL (m)

S/ 2695 3020 115

Si2 2676 2984 115

S/3 2675 2836 106

Si4 2731 3000 97

S/5 3160 2837 97

.II__|__|__

=
I
T
-
-
-
£
-

TABLE 7: COLLAR POSITION, FAR-END COORDINATES, AND LENGTHS FOR
RECOMMENDED 15 NUMBER OF HORIZONTAL DRAIN HOLES (5 Degree Inclined).

DRAIN HOLE COLLAR POSITION OF FAR-END OF LENGTH
IDENTIFICATION DRAINS HORIZONTAL DRAIN OF
X Y RL X Y Inclination HOLE

(Degree) (M)

DH/1 2699 3023 115 2656 3069 5 60

DH/2 2695 3020 115 2646 3055 5 60

DH/3 2691 3016 115 2639 3039 5 55

DH/4 2678 2989 115 2634 3022 5 55

DH/5 2676 2984 115 2628 3008 5 55
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DH/6 2674 2980 115 2625 2990 5 50
DH/7 2675 2841 106 2621 2857 5 60
DH/8 2675 2836 106 2616 2835 5 60
DH/9 2675 2831 106 2617 2815 5 60
DH/10 2735 3003 97 2661 3077 5 105
DH/11 2731 3000 97 2645 3050 5 100
DH/12 2727 2997 97 2638 3031 5 95
DH/13 3159 2842 97 3245 2875 5 95
DH/14 3163 2837 97 3255 2845 5 95
DH/15 3160 2832 97 3250 2822 5 95

Fig. 43: Schematic Diagram for Sectional View of Horizontal Drain Hole (4 inch Dia, inclined at 5 degree)
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Fig. 44: Horizontal Drain Holes - 3 in numbers near each major seepage Locations S/1, S/2 and S/4.
Identification Numbers are shown as DH/1 to DH/6, and DH/10 to DH/12. Set of three holes at each seepage
zone will be separated horizontally by 5 to 10m.
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Fig. 45: Horizontal Drain Holes DH/7, DH/8 and DH/9 near Seepage Zone S/3
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Fig. 46: Horizontal Drain Holes (DH/13, DH/14 and DH/15) near Seepage Zone S/5

Water collected from Horizontal drain holes from a particular zone should be collected and
channelized in cemented toe drains so as not to allow percolation of this water into pit slope
surface. This channelized water and any additional rain water need to be guided to pit bottom
in a controlled way through use of hume pipes/ HDPE pipe (for road crossing) and cemented
toe drains on lower levels. Water needs to be guided to pit bottom in such a way that it does
not create damage to slope surface. All necessary precautions need to be taken to prevent
clogging of hume pipes/ HDPE pipes.

Vibrating wire piezometer should be installed in vertical borehole to monitor the drop in
phreatic surface due to depressurization taking place from horizontal drain holes. To start
with, one piezometer should be installed near seepage points S/1, S/2 and S/4 towards crest
of pit. Another piezometer should be installed towards crest of pit near seepage location S/5.
A third piezometer may be installed near seepage zone S/3. Periodical monitoring of
piezometers and flow of water through different drain holes will be useful in management of

water for Ostapal Chromite mine.
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Slope Monitoring

The main objective of slope monitoring study is to detect any instability well in
advance so that any damage to men and machineries can be avoided. If the failure is
unavoidable then it can be brought down in a predictable manner. The instability detected in
the early stage can be stabilized by applying a suitable remedial measure. If the instability is

detected at a later stage then it will be very difficult to check the instability.

The early identification of movement zones allows steps to be taken to minimize the
impact of mining on stability by the implementation of corrective measures and at the same
time provides for optimum minerall extraction. The system contrasts strongly with more
common 'passive’ systems that frequently only record the occurrence of an event for
subsequent post-mortem examination. The active monitoring system permits early and
confident decision making by management both for safety purposes and for optimum

excavation sequencing.

All geotechnical investigations aimed at collecting input design parameters, however
complete, involve an inherent risk of inaccuracy. Hence, any attempt of slope stability
analyses and evaluation need to be supported by a sound slope monitoring programme in

order to ensure the safe and smooth mining operations.

The continuous mining operation, blasting and changes in groundwater conditions
continuously disturb the existing stress condition in the field. The whole system tries to come
into equilibrium by stress redistribution and adjustment, which results into movement of the
slope. Hence, it is advisable to monitor the slopes regularly to detect any movement.
DGMS(Tech.) Circular No. 2 of 2020 dated 09.01.2020, mine manager should have a
structured team of trained competent persons for slope monitoring headed by a slope
monitoring officer with clearly defined duties and responsibilities.

The slope monitoring method allows failures to be predicted for ensuring safe
working conditions. Slope monitoring can be used to confirm failure mechanisms. The
review of monitoring results, visual inspection and regular briefing of field people help to

detect the onset of failure.
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The first sign of instability is a tension crack. So, it is important to carry out regular
inspection to detect the development of tension cracks on the crest of the slope as well as on
benches and to carry out prompt remedial measure. They may develop as a function of high
stresses in the slopes. The opening of cracks will tell whether any deep - seated failure can
occur or not. Tension cracks should be filled and sealed to prevent the entry of water, which

may cause failure.

Monitoring Systems

The slope monitoring techniques vary widely ranging from simple visual observations
of signs of potential instability such as slope bulging, surface fretting and the formation of
tension cracks to the use of somewhat complex instrumentation. The scale of the mining
operation, transport system and the nature and location of the potential slope failure decides

the application of a particular technique.

Survey based methods can be used for absolute monitoring, that is determining the
movement of a point or points relative to some datum believed to be outside the zone of

potential deformation. These include:

(a) Total station — Precise level-based monitoring,
(b) Tension crack monitors.

Other monitoring methods which are used for more critical slopes are:

(c) Robotic Total station Based Monitoring using Fixed Prisms.
(d) 3D- Terrestrial Laser Scanning for Slope Monitoring in periodical or
continuous monitoring mode.

(e) Slope stability radar for continuous monitoring.

Whichever is the technique used for slope monitoring, the objective is to predict
future slope instability by appropriate interpretation of Displacement - Time data and

analyses of failure mechanism.

The slope monitoring based on standard surveying techniques have found wide

acceptance because of the ability to remotely monitor a wall following the establishment of
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targets. Use of Total Station techniques along with angular measurements have become most
popular because of the perceived advantage of only having to monitor from one location.

The latest methods are emerging to monitor pit slopes in open pit mines. These

methods are based on various technologies such as:

Automated total station networks (robotics);
Terrestrial Laser Scanning for Slope Monitoring
Slope Stability Radar (SSR);

The large open-pit mines have begun using one or more of these new methods to
monitor pit slopes. For example, a network of automated total stations and reflective prisms
installed at Codelco's Chuquicamata copper mine in northern Chile assists in monitoring pit
slopes continuously. The network provides reliable quantitative information, allowing mine
engineers to monitor and reasonably predict the behavior of rock masses and geologic

structures on pit slopes.

Slope stability radar technology provides complete slope face coverage from a remote
location without need of reflective prisms. This mobile system can easily be moved into a pit
to provide high-precision monitoring of a slope face up to 850m away. Customized software
processes the radar data to display slope movement and acceleration on a high-resolution
CCD camera image. The unit can provide continuous coverage in all weather conditions,
including dust and fog, and can be monitored via radio link and the Internet from remote
locations.

A slope stability monitoring system based on Terrestrial Laser Scanning technology
has been researched and developed at the Colorado School of Mines. Kennecott Energy and
3D-P are funding this program to determine applicability and potential use of inexpensive 3-
D Lidar scanners for monitoring high walls in surface coal mines. CSIR-CIMFR is also
having one of the most advanced Terrestrial Laser Scanner for slope monitoring, 3D mine
surface modeling, and other applications. Terrestrial Laser Scanner (TLS) can be used for
slope monitoring in both methods — Periodical Monitoring, and Continuous Monitoring.
Current progress indicates that 3-D TLS used with customized software may provide a highly
cost-effective means of monitoring with centimeter accuracy in applications that include pit

slopes, highwall, waste dumps and stockpiles.
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THE SUGGESTED SLOPE MONITORING SCHEME FOR PIT AND DUMP OF
OSTAPAL CHROMITE MINE

Continuous slope monitoring of pits and dumps of Ostapal Chromite Pit and Dump
should be done with the application of pit slope stability monitoring RADAR of any type.
Additionally, total station based monitoring should be done by installing monitoring stations
all around the crest and benches of pit and dump. The monitoring stations should be located
at about 30 m interval. In the zones of mines or dumps which are assessed by mine
management as less susceptible zone from instability point of view through visual inspection
of instability signs, the spacing between monitoring pillars may be kept as 40m. Monitoring
pillars should be installed all along the topmost bench of pit and dump. Similarly, monitoring
stations should be installed on alternate benches of pit and dump. Base station should be
located at stable ground in opposite side of the monitoring stations. All the monitoring
stations should be visible from the base stations. One or more base stations could be erected
to cover all the area. The base station and monitoring stations should be so located that inter-
visibility should be there. The gap between the stations can be increased or decreased for
clear visibility. It is a general guideline, which may be changed to meet the local
requirement. As per DGMS(Tech.) Circular No. 2 of 2020 dated 09-01-2020, mine manager
should have a structured team of trained competent persons for slope monitoring headed by a

slope monitoring officer with clearly defined duties and responsibilities.

The monitoring should be done periodically at least once in a month using total
station and the results of monitoring should be recorded in a bound-paged register or in a
tamper proof electronic form. These data should be regularly analysed to predict the slope

movement or instability well in advance.

In addition to above two methods, visual observations of dump and pit for prominent
sign of instability should be done by geotechnical person of the mine on monthly basis and
the observations related to slope stability should be recorded in a bound register for periodical

analysis.
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Warning level / withdrawal of slope movement is site-specific and can be decided
based on analysis of actual monitoring data over a long period only. However, if mine
management observes average rate of slope movement of more than 1 mm/ day over a period
of at least three months in majority of pillars of a zone of pit or dump, then the mine
management should increase the monitoring frequency to weekly and consult
scientific/expert agencies expert in the slope stability and slope monitoring for remedial

measures or failure predictions and guidance.

Conclusions and Recommendations

e An assessment of the proposed dump and pit plans and sections, engineering geology,
strength properties and the related geotechnical controls indicated in the report the
following ultimate dump and pit slopes are recommended for Ostapal Chromite Mine.

PIT SLOPE PARAMETERS

Salient Designed Parameters are summarized as:

e Maximum Bench Height: 8m

e Minimum Exposed Bench Width: 8m

e Bench Slope Angle: not more than 70 degree

e Overall designed pit slope height (from surface to +5 mRL):
Maximum 136m on Hangwall side,
Maximum 149m on Footwal side.

e Overall Pit Slope Angle Recommended:
Hangwall Slope: <36 degree
Footwall Slope : <24 degree
East and West Sides: 36 degree
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Dump Parameters

Maximum Terrace | Minimum Exposed Angle of repose (deg.)
Height (m) Terrace Width (m) for each terrace
10m between
15 different terraces 37

Salient Designed Parameters are summarized as:

e Maximum height of dump: 90m

e Maximum height of each terrace: 156m

e Minimum Terrace Width: 10m between consecutive terraces.
e Bench slope angle of one lift: 37 degree

e Overall Slope of 90m high OB dump: < 28 degree

The mine should have an effective garland drain/ bund, all around, to collect/ divert run-
off rain-water of the catchment area before it reaches the mine slopes. It is essential that
these drains should be kept clear of silt and debris. Effective water management is
essential to maximise the stability and safety of pit as well as dump. Water should not be
allowed to stagnate on pit and dump surface. They should be diverted or brought down in

a controlled manner without damaging the slope surface.

Recommendations on water management and slope depressurization through horizontal

drain holes as mentioned should be implemented for safety of slope.

e The mapping of weak zones, faults and bedding planes of pit part should be a regular

process by the departmental geologist. The generated data may be used as an input
parameter to reanalyze the stability as per requirement.

Mine management should make a structured team of trained competent persons for slope
monitoring headed by a slope monitoring officer with clearly defined duties and
responsibilities as per DGMS (Tech.) Circular No. 2 of 2020 dated 09.01.2020.  The
slope monitoring should be done in a continuous mode using some type of RADAR for
ensuring safety of pit and dumps. Additionally, Total Station based monitoring should also
be done periodically at least once in a month and the results of monitoring should be

recorded in a bound-paged register or in a tamper proof electronic form. These monitoring
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data should be regularly analyzed to predict the pit and dump slope movement or
instability well in advance. In case of need, help/advice may be sought from expert

agencies in the field of slope stability and slope monitoring.

The open cracks, whenever develop, in the partially consolidated new dump mass should
be consolidated with the help of dozer/ compactor followed by proper leveling of the
benches so that entry of water in cracks is minimised. It will help to consolidate the

dumped material and will minimise infiltration of water inside slopes.

During the rainy season, an officer should be deputed for regular visual observation
around the mine and dump to see the effectiveness of drains. If any blockage is observed,
immediately steps should be taken to make it effective. If any deep tension crack is de-

tected in the pit/dump, the entry of water inside the crack should be checked.

Recommendations stipulated in the report should be implemented in total.
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Annexure No.-1

Analysis of Dust Fall

<> Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better Environment)

Laboratory Services
Certified for : 150 9001:2015, ISO 14001:2015, ISO 45001:2018 (OH&S), ISO/IEC 17025:2017 RS
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade Mmil-l lri.b
® Infrastructure Enginering o Surface & Sub-Surface Investigation ® Agricultural Development ® Mine Planning & Design Mllurll‘le
© Water Resource Management © Quality Control & Project Management o Information Technology © Mineral/Sub-Soil Exploration &
® Environmental & Social Study ® Renewable Energy @ Public Health Engineering © Waste Management Services Microbielogy Lab

Ref : Envlab/21/R-5107 Date : 06.10.2021

DUST FALL ANALYSIS REPORT- SEPTEMBER- 2021

1. Name of Client : M/s FERRO ALLOYS CORPORATION LIMITED , BHADRAK
2. Name of the Project : OSTAPAL CHROMITE MINES , KALIAPANI, JAJPUR
3. Sampling Location : DFI- Near Roof Top of Office Building
4. Date of Sampling : 14.09.2021
5. Sample Collected by : VCSPL Representative in presence of Client’s Representative
Unit Analysis Result
SL.No. Parameters (mg of deposit per square DF1
meter per day)

1 Mercury as Hg mg/m’d ND

2 Nickel as Ni mg/m°d ND

3 Cobalt as CO mg/m°d ND

4 Arsenic as As mg/m°d ND

Reviewed By Approved By




Annexure No.-2

Analysis of Soil Sample

<> Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better Environment) Laboratory Services
Certified for : 150 9001:2015, 150 14001:2015, 150 45001:2018 (OH&S), ISOAEC 17025:2017 F"“;’.:'w":'.;"'l'
Accredited by : NABET-A Grade, MOEF & CC/CPCE & SPCB-A Grade Maberial Lab
® [nfrastructure Engincring ®Surface & Sub-Surface Investigation ® Agricultural Development & Mine Planning & Design !I:nl‘[.uh
® Water Resource Management ® (Quality Control & Project Management o Information Technobogy # Mineral'Sub-5oil Exploration &
® Envirenmental & Social Study ® Renewable Energy ® Public Health Engineering * Waste Management Services Micrebiolegy Lab

Ref : Envlab/21/R-5103 Date : 06.10.2021

SOIL QUALITY ANALYSIS REPORT- SEPTEMBER- 2021

L. MName of Client : M/s FERRO ALLOYS CORPORATION LIMITED , BHADRAK
2. Name of the Project : OSTAPAL CHROMITE MINES , KALIAPANL JAJPUR
3. Sampling Location  : 81 : East Side Quarry
S2: West Side Quarry
S3 : North Side Quarry
S4 : South Side Quarry
4. Date of Sampling : 14.09.2021

S. Date of Analysis : 15.09.2021 TO 17.09.2021
6. Sample Collected by : VCSPL Representative in presence of Client’s Representative
Analysis Result
5L Nao. Name of the Parameters Ulmit Testing Method 51 52 53 4
n EPA 3050, T000B ~
1 Mercury as Hg mg/kg Rev 02, 1996 ND ND ND ND
. . EPA 3050B, T000B .
2 kel ¢ ok a
2 Nickel as Ni mg/kg Rev 02. 1996 ND ND ND ND
n EPA 3050B, T000B -
3 Cobalt as CO gk . 199 ND ND ND ND
. A EPA 3050B, 70008 .
4 Arsenic as As mg'kg Rev 02, 1996 ND ND ND ND

BDL Valuc : Mi <50 mg/kg, Co= 10 mg/kg, As < 10 mg/kg, Hg <10 mg'kg




Annexure No.-3

GROUND WATER LEVEL MEASUREMENT

<> Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better Environment) R arlory Strvicas
Certified for : 150 9001:2015, 1SO 14001:2015, 1SO 45001:2018 (OH&S), ISO/IEC 17025:2017 ""‘F"'.:"‘l’:;""
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade Material Lab
® Infrastructure Enginering @ Surface & Sub-Surface Investigation ® Agricultural Development ® Mine Planning & Design ke
® Water Resource Management © Quality Control & Project Management o Information Technology © Mineral'Sub-Soil Exploration
® Environmental & Social Study ® Renewable Energy @ Public Health Engincering ® Waste Management Services

Ref : Envlab/21/R-5105 Date : 06.10.2021

GROUND WATER LEVEL REPORT- SEPTEMBER-2021

L Name of Client : M/s FERRO ALLOYS CORPORATION LIMITED , BHADRAK
2. Name of the Project  : OSTAPAL CHROMITE MINES , KALIAPANIL, JAJPUR
3 Date of Sampling : 14.09.2021
4. Sample Collected by : VCSPL Representative in presence of Client’s Representative
SL. Locations Unit DOS Analysis Result
No.
1 Bore well Near Workshop of Mines mt/bgl 14.09.2021 10.2
2 Bore well Near Main Gate of OCM mt/bgl 14.09.2021 10.6
3 Open Well Near Ostia Village mt/bgl 14.09.2021 3.6
B Open Well Near Ostapal Village mt/bgl 14.09.2021 52

Tube well inside Shiva Temple of the

5 ; y il mt/bgl 14.09.2021 10.6
Village Gurujanga 8
6 Tl:lbe \ve{l ou?snde Shiva Temple of the mt/bgl 14.09.2021 12
Village Gurujanga
7 Eastern side of the Quarry (PZ-1) mt/bgl 14.09.2021 42
8 Southern side of the Quarry (PZ-2) mt/bgl 14.09.2021 44
9 Watstern side of the Quarry (PZ-3) mt/bgl 14.09.2021 42
Reviewed By Approved By
-
-
¢ Mond, B
- P
A N ";' l‘“’(
450 (4 »



Annexure No.-4

GROUND WATER QUALITY

Visiontek Consultancy Services Pvt. Ltd.

(Comumitted For Betier Eu:imnmenr)

Labsirainry Services

Certified for ; IS0 90002005, IS0 14000 : 2015, IS0 45000:; 2008 (DHES]), 1ISOMEC 170252007 Coreirimimred Ly
Aceredited by : NABET-A Grade, MOEF & CCOCPCE & SPUCB-A Grade
& Infrascrecipre Enginering @ Sprisce & Sub-Sorface Imvestigation & Apricaleral Developmeni & Mine Manning & Desgn
# Water Rsourer Maragrmont & Quality Canirol & Project Managrome #Infurmation Techaalagn # Wlineral Sub-Sail Fapluration
® Envirmmmental & Social Study ® Renewahle Energy ®Pablic Health Engineering & Wty hanagrmeat Sorvices
Hef : Envlab/21/R-50%0 Dade @ (. 102021

GROUND WATER OQOUALITY ANALYSIS REPORT- SEPTEMBER- 20021

1. Mame of Cleent : Mis FERRCY ALLCHYS CORPMIEATION LIMITED . BHADRAK
2. Mame of the Project - DSTAPAL CHROMITE MINES . KALIAPANL JAJPUR
3. Sampling Location  : Gwd: Open Well Near Ostapal Village

WS: Tube Well imside the Shiva Temple of Village Guruganga
Wiz Tube Well oulside Shiva Temple of Village Gunrjanga

4. Method of Sampling : APHA 106D B
5. Date of Sampling : 14092021
. Drate of Analysis 15092021 TO 21092021
7. Sample Collected by : VCEPL Representalive m presence ol Client’s Eepresentative
Stamdard . pur Annlysis Hesali
=1 15 - PRS- 281 T
.,'\ - Parameter Testing Method [T hmended an 018 & NIE
e W LWS WG
Accrpialin Formisihn
L immii 1wt
E { Civaracteristics
W mual Cemparisen ¥eibad i . ) .
| Celour APHA T3 EA W4T - JIME, Hazen 4 i ¥ 5 -
. Thredkald Ddaur Tosl - = - [ - " .
I [ Odous APHA T B 0 72050 B - : - A Agresabi
Flawar Threshald Tol F . i L ki " cresible
} Ttz APHA 2" Ed W 7 - 20600 - ¥ A Agresable
e wephriumetrac Mcibod .
4 Turbidity AFFLA 15°° Ed 77 2130 B WL 1 5 &5 63 2
i Il Mloicr e - - .
] pH Vol APELA. 7Y™ £ M T - 450068" B - EERE Ribax '] 54 Az
Total Hardness EDT. 0 b . B
O | e caron AL 7- 10 mg/l 20 Einy 1z a2 o
o _ By AAS Mcthad N 5 ;
7| frem jas Fe) APHA 23 EADNT: MILE mg/l Lo L r— o f.1s .
. ) Sorgeniumcise Mcibod -
% | Chiloride {as Cl p APELA T3 £l 1T - SS00CT B mg;1 25 1880 42 5 a8
R lisdamectric Victhusd . .
9 Besidual, free Chlorine APHLA 775 Ed 2007 - S5000CL B mg'l 0z | K N NIF
Dresirable Characierisics
- iranimetric Mlcihod
10 | Dissalved Solids APLA T3 Ea 37 TS0 C mg | - - - iz o
. EDT A Tilrimeiric Methad B N
§] Calcim {as Ca |} APHA 270 Ed 7 - ASMOCa B mgl = il 44 12 2B
12 | Magnesium fas Mg) e e . 500Ma B mg/1 = ™ 0 s 1.E
13 | Capper fas Cap E"H':':’! :é’:‘.'lu_:‘g.“. W E mg/1 ans 15 nns <0005 s
14 | Manganesc (s M) B e S mag/l i 03 005 =05 <05
15 | Sulphate jas S04) T e a3 E mgl 200 an a6 ad an
- By UV -Serwes Maethad e =
15 Nitraie fas Nik) .-11IP'I-I.1. 1350 EA W 7 4500 MO, E mg/l = Helanaizan b X RED
Thstillatian Tellumed b
17 | Flueride (&= F) E hatamciric bleibol mg'l La (K3 Dz 0oLs ool
APELA 23 E4 0 7: 4500F
Phenalic C e Thluralarm Extraction by
15 “”:;' “I“Imr'""‘ Calerimric Methand mg1 el wmz 0001 <D 000
(o CoHAMH) APELA 33 EAW17: 5530 B0
N - NS Methad - ) _ T ] -
19 | Meroury (e Hgl APELA 1V B4 D T: A1 B mg'l LT Rita 00401 il DL
— A5 Methad N _ J— ] ;
B0 | Cadmium jas Cd) APELA 3350 ES 3H 7 3111 B mg | i Rsbarstien LN o, Lt
21| Sebenium (= Sc) .-TP'I-::? :;’“I--_ 2 7: SO0 G | mgl M Iiu.-h::hu L e i
— T e — ki — —h




Annexure No.-4

Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better Environment) TS,
Certified for : 1SO 9001:2015, 1SO 14001:2015, ISO 45001:2018 (OH&S), ISO/EC 17025:2017 Earsaman Lty

Fi
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade Matera Lt

Soil Lab

® Infrastructure Enginering o Surface & Sub-Surface Investigation @ Agricultural Development ® Mine Planning & Design Miseral Lab
©® Water Resource Management © Quality Control & Project Management o Information Technology ® Mineral/Sub-Seil Exploration &
® Environmental & Social Study ® Renewable Energy ®Public Health Engincering ® Waste Manag Services \_Microbislezy Lab
APHA 23" Ed.2017: 3114 B Relaxation
Distillation fallowed by Neo
23 | Cyanide (as CN) Spectophotometric Method mg/l 0.05 04 <0.05 <0.05 <0.05
APHA 23% Ed 2017 4500 CN C.D s
v i By AAS Method ; Ne _ - B
24 Lead (as Pb) APHA 23*° E42017 3111 B mg/l 0.01 Bis : 20.01 20.01 0.01
. By AAS Method
2 > / 2 2 2
25 | Zinc (as Zn) APHA 23%° B4 2017: 3111 B mg/l H 15 21 28 32
Anionic Detergents Anionic Surfactants s MBAS ; i
26 | '(as MBAS) APHA 23RD E42017: 5840 C mg/l 02 - ND ND ND
-~ . Diphenyl Carbuzide Method
27 | Chromium (as Cr™®! APHA 33% Ed2017. 35000 B mg/l = = 0012 0011 0.010

- — tSan Cravhoetic N - §
28 | Mineral Oil :ﬁ::t?uxi?;gﬁ":‘;; ;M mg/l 0s B E ND ND ND

Titration Method

> L alini /| » 2 N

29 | Alkalinity APHA 23" Ed.2017:2320 B mg/l 200 600 82 28 20
=% X AAS Method ; § " I

30 | Aluminium as{ Al) APHA 23% E42017: 3111 D mg/l 0.03 0.2 20.01 <0.01 0.01

Curcumin Method v < X

31 | Boron (as B) APHA 23%° E42017: 4500B.B mg/l a3 24 24 2 2
i -4 MEN M MPN/ Shall ot be =

32 | Total Coliform as TC ,‘\‘;;:A :;"”":d 2017- 921 b 100ml detectable in any - <18 <18 <1.8

vl i, 100m sample
CL -~ Colourless, /0 ~ Unobjectionable, ND ~ Not detected.

BDL (Below detection limit) Values :(Cu<0.05 mg/l . Mn<0.005 mg/l, CH/0H<0.001 mg/l. Hg<0.005mg/l, Cd<0.00! mg Se<0.001 mg/l, As<0.001 mg/l,Pb<0.01 mg/l, Zn<0.05 mg1,
Cr“<0.05 mg/L, AF0.001 mgT, B<0.0! mgl, NO;<0.01 mgT)
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Visiontek Consultancy Services Pvt. Ltd.

(Commirtted For Better Environment)
Certified for : 1SO 9001:2015, 1ISO 14001:2015, ISO 45001:2018 (OH&S), ISO/IEC 17025:2017
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade

r

® Infrastructere Engimering @ Surface & Seb-Surface - Agr Devek ® Mine Planming & Design
® Water Resource Management ® Quality Contrel & Preject Management @ lnformsation Technology ® MinerabSeb-Soil Exploration
® Envireamental & Secial Stody ® Renewable Emergy @ Public Health Engioeering ® Waste M Services

Ref : Enviah21/R-5100 Date : 06.10.2021

GROUND WATER QUALITY ANALYSIS REPORT-SEPTEMBER- 2021

SM/s FERRO ALLOYS CORPORATION LIMITED . BHADRAK
:OSTAPAL CHROMITE MINES | KALIAPANIL, JAJPUR
: GWT7: Eastern Side of the Quarry (PZ-1)

GWS8: Southemn Side of the Quarry (PZ-2)

GW9: Western Side of the Quarry (PZ-3)

:APHA 1060 B

: 14.09.2021

: 15.09.2021 TO 21.09.2021

1. Name of Cliem
2. Name of the Project
3. Sampling Location

4. Method of Sampling
5. Date of Sampling
6. Date of Analysis

7. Sample Collected by : VCSPL Representative in presence of Client's Representative
Stasdard = per Analysis Result
s 1S - 105002012
§ = Parameter Testing Method Unit Amcaded an 2615 & 213
- GW7 GWS GWo9
Fermmaibic Pormnaibic
Lisee Lismit
Essential Characteristics
1 Colour ‘A:’HA ‘,:.':'u ,:T.,f‘?“,‘:‘n c Haren = 15 <5 <5 =5
2 Odour I:"_,\ 23*0 g4 20 ;l;:::”" B Agrevuble Agrocabile Agrocable Agrecable | Agreeable
Fliver Thrcahodd Teat
3 Taste APHA 23°° £E43017 . 3160 C Agrecable Agrecable Agrecable Agreeable | Agreeable
4 Turbidity m‘@'ﬁ;ﬂ 30 B NTU 3 = 6.9 74 7.8
s | pr value [ = 6sxs Ne Relaration 7.31 7.46 7.42
Total Hardness EDTA Titrimctric Mecthod 3
5 (as CaCO5) APHA 237 542017 : 2330 C mg'l s Ll 118 114 80
7 | trom (as Fe) - I o mg/l 19 No Relsuation 031 021 0.16
s | Chloride (as C1) A r 2T soocrR: mgz1 258 1000 40 38 34
Resadual, free Tedumetric Method :
9 Chlorine APHA 23*7 E4 2017 . 4500CL B mg'l a2 s ND ND ND
Desirable Characteristics
10 | Dissolved Solids P o SO mzl so0 2008 210 188 142
23 2017 - 25
11 | Calcium (as Ca ) R T e it mgl ™= 200 a4 £ 32
12 Magnesium (as Mg) f\;;‘:\h:?:: E42017: 3So0Ms B mg/l 30 100 212 108 98
13 Copper (as Cu) :}I&Z""ﬁ}ﬁﬂl' WP S mg'l nes 1S <0.05 <0.05 <0.05
14 | Manganese (as Mn) | F o N e ccoMaB mg/l o 03 <0.05 <0.05 <0.05
15 | Sulphate (as SO,) ey T e s SO mg/l 200 a0 3.6 4.2 36
16 | Nitrate (as NOy) e e L mgl = No Relazation 1.62 0.81 0.77
Distillation fallowed by
17 Fluoride (as F) Spe W mgl 10 15 0012 0014 0.013
APHA 23* E4.2017. 4500F C
Phenolic Compounds < - ey )
18 = Method mg1 [ o002 <0.001 <0.001 <0.001
(a= C,H.OH) APHA 23*° E4.2017. SS30 B.D
19 Mercury (as Hg) APTIA 2 Bl AT P A2 mg'l . RS N <0.001 <0.001 =0.001
20 | Cadmsum (as Ca) e v mg/l 0.003 No Relsvation <0.001 <0.001 <0.001
21 | Selenium (== Se) i e SRR mgl 0el No Relavution <0.01 <0.01 <0.01




Annexure No.-4

Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better Environment)
Certified for : 1S0 9001:2015, 1SO 14001:2015, 1SO 45001:2018 (OH&S), ISO/IEC 17025:2017

<>

Laboratory Services
Enviroament Lab

Food Lab
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade Mm ‘It"b
® Infrastructure Enginering o Surface & Sub-Surface Investigation ® Agricultural Development ©® Mine Planning & Design Mineral Lab
® Water Resource Management ® Quality Control & Project Management @ Information Technology ® Mineral/Sub-Soil Exploration &
©® Environmental & Social Study ® Renewable Energy ® Public Health Engineering ® Waste M. Services Microbielegy Lab
22 Arsenic (as As) Z};}?:.g;"'”“ggon: 31148 mg/l 0.01 No Relaxation <0.01 <0.01 <0.01
Distillation followed by
23 Cyanide (as CN) Spectophotometric Method mg/l 0.05 No Relaxation <0.05 <0.05 <0.05
APHA 23"° Ed2017: 4500 CN €.D
24 | Lead (as Pb) g R mg/l 0.01 No Relaxation <0.01 <0.01 <0.01
i By AAS Method n
25 | Zinc (as Zn) Ai’HA B"‘D“Ed.ZOW: 31118 mg/1 5 15 31 4.1 44
Anionic Detergents Anionic Surfactants as MBAS .
26 (as MBAS) APHA 23RD Ed,2017: 5540 C mg/l 0.2 - ND ND ND
27 | Chromium (as Cr'® | Nibhenyl Carbaside Method mg/l = & 0.018 0.021 0.016
28 | Mineral Ol A mg/l 05 No Relaxation ND ND ND
S Titration Method "
29 | Alkalinity APHA 23%° E42017:2320 B mg/l 200 600 50 42 26
30 | Aluminiumas(Al) [ AN MRS 73D mg/l 003 02 <0.01 <0.01 <0.01
Curcumin Method p
31 | Boron (as B) APHA 23* E47017: 45008, B mg/l 0.5 2.4 <0.1 <0.1 <0.1
P— Shall not be
T e | MPN Method /| detectable in
32 | Total Coliformas TC | ,pus 5380 £y0017: 92216 100ml any 100ml - <1.8 <1.8 <1.8
sample

CL - Colourless, U/O — Unobjectionable, ND — Not d. d.

BDL (Below detection limit) Values (Cu<0.05 mg/l , Mn<0.005 mg/l, C.H;OH<0.001 mg/l, Hg<0.00Smw1, Cd<0.001 mg/l Se<0.001 mg/l, As<0.001 mg/LPb<0.01 mg/l, Zn<0.03 mg/l,

Cr <005 mg/l, AK0.001 mg/l, B<0.01 mg/l, NOs<0.01 mg/)

R

eviewed By

O

o
- 0
! Monds s
"” Y
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<> Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better Environment) Laberstery Service
Certified for : 1S0 9001:2015, 1SO 14001:2015, 1SO 45001:2018 (OH&S), ISO/TEC 17025:2017 ""‘,’:'l‘:;""
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade qur ‘lbn
® Infrastructure Enginering o Surface & Sub-Surface Investigation ® Agricultural Development ©® Mine Planning & Design urm‘ Lab
© Water Resource Management © Quality Control & Project Management @ Information Technology © Mineral/Sub-Seil Exploration &
® Environmental & Social Study @ Renewable Energy ® Public Health Engineering ® Waste Management Services \_icrobiology Lab

Ref : Envlab/21/R-5108 Date : 06.10.2021

MEASUREMENT OF GROUND WATER QUALITY ANALYSIS REPORT
SEPTEMBER- 2021

Name of Client : M/s FERRO ALLOYS CORPORATION LIMITED , BHADRAK

2. Name of the Project : OSTAPAL CHROMITE MINES , KALIAPANI, JAJPUR
3. Sampling Location : GW1: Bore well Near Workshop of the Mines

GW2: Bore well Near Main Gate

GW3: Open Well Near Ostia Village

GW4: Open Well Near Ostapal Village

GWS5: Tube Well Inside Shiv Temple of Gurujanga Village

4. Method of Sampling : APHA 1060 B
5. Date of Sampling  : 15.09.2021
6. Date of Analysis : 16.09.2021
7. Sample Collected by : VCSPL Representative in presence of Client’s Representative
Standard as per Analysis Result
Sk 1S -10500:2012
N Parameter Testing Method Unit | Amended on 2015 & 2018 i
A GWI1 GW2 GW3 GW4 GWS
Acceptable | Permissible
Limit Limit
Hexavalent DA Mot
1 (’h. 3 Gt APHA 23* E42017: mg/l - - <0.01 <0.01 <0.01 <0.01 <0.01
romium as Cr 3500 Cr B
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Visiontek Consultancy Services Pvt. Ltd.

D:ﬁ (Committed For Better Environment)

Laborutory Serviges
Certified for : 150 9001:2015, 1SO 14001:2015, I1SO 45001:2018 (OH&S), ISO/IEC 17025:2017 "",'f:,‘:;'”
Accredited by : NABET-A Grade, MOEF & CC/CPCB & SPCB-A Grade Materisl Lsh
® Infrastructure Enginering ®Surface & Sub-Surface Investigation ® Agricultural Development ® Mine Planning & Design \1:::;‘:.5
© Water Resource Management © Quality Control & Project Management o Information Technology ® Mineral/Sub-Soil Exploration &
® Environmental & Social Study @ Renewable Energy ®Public Health Engincering ® Waste Management Services \_Micrebiology Lab

Ref : Envlab/21/R-5109 Date : 06.10.2021

MEASUREMENT OF GROUND WATER QUALITY ANALYSIS REPORT
SEPTEMBER- 2021

Name of Client : M/s FERRO ALLOYS CORPORATION LIMITED , BHADRAK

2. Name of the Project : OSTAPAL CHROMITE MINES , KALIAPANI, JAJPUR
3. Sampling Location : GW6 : Tube Well Outside Shiv Temple of Gurujanga Village
GW?7: Eastern Side of the Quarry (PZ-1)

GWS8: Southern Side of the Quarry (PZ-2)

GW9: Western Side of the Quarry (PZ-3)

4. Method of Sampling  : APHA 1060 B
5. Date of Sampling : 14.09.2021
6. Date of Analysis : 15.09.2021 TO 18.09.2021
7. Sample Collected by ~ : VCSPL Representative in presence of Client’s Representative
Standard as per Analysis Result
Sl g : 1S -10500:2012
No. Parameter Testing Method Unit | Amendedon2015&2018 . A L
o GW6 | GW7 GW8 GW9
Acceptable | Permissible
. Limit Limit
i || Sematent APHA 23 E42017 mg/l a0 | <001 <0.01 <001
Chromium as Cr** = T g/ - - . I

330CrB
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GROUND WATER ABSTRACTION DATA FROM ABSTRACTION STRUCTURE
FOR THE YEAR 2021-22
OSTAPAL CHROMITE MINES,M/s FACORL TD
Bore Well -1 Bore well -2
(Near Main Gate) (Near Mechanical Workshop)
TOTAL
Month Initial Final ‘A.Total Initial Final .B.Total Withdrawal
Reading | Reading withdrawal Reading | Reading withdrawal | (A+B)in KL
(In KL) (In KL)
April'21 | 78488 80269 1781 85868 86990 1122 2903
May'21 80269 82301 2032 86990 87949 959 2991
June'21 | 82301 84302 2001 87949 88891 942 2943
July21 84302 86389 2087 88891 89861 970 3057
Aug'21 86389 86737 348 89861 90141 280 628
0 808.455 808.455 0 459.55 459.55 1268.005
Sub-total August | 1156.455 739.55 1896.005
Sept'21 | 808.455 | 1959.236 | 1150.781 459.55 1192.154 732.604 1883.385
TOTAL | 10208.24 5465.154 15673.39
Avg. withdrawal per day is 86 KL
Drinking Water Supply to Nearby Villages
Ostapal Chromite Mines
. No. of trips supply Total trip
Month :\‘l)o(.):tfat;::svs;::;\g to Gurujanga & Supply to
Ostia Villages nearby Total Supply
villages (in KL)
April'2021 23 31 54 540
May'2021 74 86 160 1600
June'2021 60 86 146 1460
July'2021 54 81 135 1350
Aug'2021 38 91 129 1290
Sept'2021 46 71 117 1170
Total 295 446 741 7410
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CONSENT ORDER Page | of 12

,_ ﬁ,ﬁ"‘ BY REGD. POST WITH AD
STATE POLLUTION CONTROL BOARD, ODISHA

A/118, Milakantha Nagar, Unit-Vlll, Bhubanaswar-751012
Phone-2561909, Fax: 2562822, 2560955

CONSENT ORDER
No. 53%0 / IND-I-CON- 1163 pt, 27°0% - 20\

CONSENT ORDER NO. 366

Sub: Consent for discharge of sewage and trade effluent under section 25/26 of Water
(PCP) Act, 1974 and for existing / new operation of the plant under section 21 of
Air (PCP) Act, 1981.

Ref. Your online application No. 3216555 dated 28-11-2020 and Online reply dated
30.12.2020

Consent to operate is hereby granted under section 25/26 of Water (Prevention & Control of
Pollution) Act, 1974 and under section 21 of Air (Prevention & Control of Pollution) Act, 1881 and rules
framed thereunder to

Name of the Industry: OSTAPAL CHROMITE MINES OF M/S. FACOR LTD.
Name of the Occupier & Designation: SRI SAUVICK MAZUMDAR, DIRECTOR
Address: AT: GURUJANG, PO: KALIAPANI, DIST: JAJPUR

This consent order is valid for the period up to 31.03.2022 from the date of issue of this order.

This consent order supersedes the earlier consent order issued vide letter No. 2430 dated
5.02.2016.

Details of Products Manufactured

sl. No Product Quantity
01. |Chrome ore(ROM) 0.2 MTPA J

Details of Mineral Handing Plants/Units

‘ 01, Jﬂpnratinn of COB Plant of capacity Iﬂ.1 MTPA (chrome ore cnnmntmﬂ

This consent order is valid for the specified outlets, discharge quantity and quality, specified
chimney/stack, emission quantity and quality of emissions as specified below. This consent is granted
subject to the general and special conditions stipulated therein.



CONSENT ORDER

Annexure No.-7

Page 2 0of 12

Discharge permitted through the following outlet subject to the standard 2

Outlet | Description | Point of | Quantity Pre-scribed Standard
No. of outiet discharge |of .
discharge | pH | TSS | BOD COD Oil & Cr+6 | Total Chromium
KL/hr {mgh) |(mg/l) (mgh) |Grease| (mgf) (mgi)
(mg/l)
01. Septic tank | Soak pit |-~ 5 (200 100 - - -
(Domestic
effluent) .0
02. Mine On land / | 5205.09 | 5.5 100 - - 10 0.05 20
drainage inland KLD(Max.| to
water / surface |) 9.0
surface water
run off/ body
other
wastewater |

B. Emission permitted through the following stack subject to the prescribed standard

Chimney | Description | Stack Quantity | Prescribed
Stack of Stack height |of Standard
No. (m) emission
—] ]
\\\
i e N

Disposal of solid waste permitted in the following manner
Sl Type of Quantity Quantity |Quantity ' Quantity Description of
No. Solid generated |to be to be disposed disposal site.

waste (TPD) reused on |reused off

site(TPD) |off (TPD)
site(TPD)
o1. Top As per - - — As per
soil / |approved approved
overbur | mining mining plan
den plan
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EXCAVATION PLAN FY 2021-22
OSTAPAL CHROMITE MINES

Particulars Approved quantity Per Annum Achieved FY 2021-22
(Till Sept’2021
Over burden (Lac Cub Mt) 4.78 1.600
ROM Production 2.00 1.007
(Lac metric tonne)
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AMBIENT AIR QUALITY MONITORING REPORT OF CORE ZONE

Visiontek Consultancy Services Pvt. Litd.

-
(Committed For Berter Envirenmeni) (P
Certiffed far : 150 HM 2015, 1500 14000:2015, 150 45001 : 3018 (H&SL ISINEC 1TO25:2007 e
Acoradived by : NABET-A Grsde, MOEF & CC/CPCR & SPCR-A Grade “:&Tﬂ“
w Infrasruciure Enginering o SairTace & Sub-Surfsee Devesthgaion wAgriubaral Devedogment u Nline Flaneing & Deudga Wimeral Lak
& Watrr Brumros Yamagemesi # ety Central & Freject Management # Informoatian T g w &ii wh-Seail - &
= Envirvamenial & Social Soady w Henenable K u Pablic Healih Esgineering = Winie Vanagemen Servios )
Ref : Enviab/Z1/R-53095 Diate - 06 102021

1. Mame of Client
L Mame of the Project
3. Momitoring Instruments : RDS (APM 460 BL), FPS (APM 5500 Envirotech, OO Momtor, VOO Sampler

a4 Sample Collected by

: Mis FERRO ALLOYS CORPORATION LIMITED . BHADRAK
SOSTAPAL CHROMITE MINES . KALIAPANL JAJFUR

: WCSPL Representative in presenoe of Client”s Represendative

Oy LT A
Benforing - o =) Im.ﬂlI erll
o ASQME-1: Near Dispensary
03.09.2021 08 42 5 108 14.1 1.18 L] 2002 BOL BOL BOL BOL BOL
07.059.2021 518 311 G2 106 102 4.6 156 [0} [0} BOL BOL BOL
10.08.2021 M08 42 5 112 14.2 108 a8 212 [0} [0} BOL BOL BOL
14.08.2021 44 & 268 g1 121 058 <d 181 BoL anL BOL BOL BOL
17.059.2021 e8] 401 106 1149 .56 4.1 216 aoL aoL BOL BOL BOL
21.05.2021 Bi5.2 35.7 108 11.4 0.52 4.5 21.8 B0 B abL abL abL
2405, 3021 L2 331 9.3 .2 0.91 4.4 19 [=]5]8 AL abL abL abL
28.09.2021 45 2 2895 102 11.1 0.5 4.1 19> BOL BOL BOL BOL BOL
Bonth|
I: 59.4 35.7 10.2 12.0 0.99 4.54 20.2 BOL BOL BOL BOL BOL
o 100 g0 &0 £ 4 168 400 1 o o1 20 o6
Ll L | |Tn:'| u::r:rh u:ir'rh uu“rr-ﬁ rr:'uﬂ'l -343:-'1 u:.“rr'-'l ||2:'| |r:.=-t- n:.tﬂl |r‘:Ir|'| -:n:.l*:-'l
— AACYMS-3- Near Weighbridge
03,05, 2021 422 253 8.1 B 1.11 q.4 168 B0 B0 abL abL abL
07052021 31z 187 a8 B2 0.6 4.1 1E.5 AL AL abL abL abL
10.09.2021 44 & 268 B2 B.1 0.52 4.2 15.8 aoL aoL BOL BOL BOL
14.09.2021 268 161 %] 74 0.91 4.1 15.9 BOL BOL BOL BOL BOL
17.08.2021 318 203 B2 Th 089 a8 14.5 [0} [0} BOL BOL BOL
21.08.2021 346 208 ] TR 082 q.2 148 anL anL BOL BOL BOL
24.059.2021 £ 231 g2 g1 0.78 4.1 152 aoL =[a]8 BOL BOL BOL
28,05, 2021 288 173 9 BE 0.81 4.} 1585 B0 BOL abL abL abL
Micnthly 34.9 20.9 B3 74 0.0 4.26 15.7 BOL BOL BOL BOL BDL
Average
M M [=1] [ ] [ ] L] Ly 0 5 - - F=1 (£
I ] ':::“: Tl ALrain a8 bl
g e | s | o | Tt | e | || | mmme e | | s
riad f.-:‘u-- L] £ 3 By

FPage Mo | of 2

Phot Moo= 5-22 & 23, Chandaka DIndlusirial Estate,

Fatin, Bhubaneswar, Khurda, Oulisha-T51024, Doadia  Tel: 0674-3511721
E-mail: visionteki@vesplorg, visiontekinigmil.com
Vimil us wl: woww.ovesolors




Annexure No.-9

Visiontek Consultancy Services Pvt. Ltd.

w
(Conmitted For Better Environnreni) atberators Scrvices
Certiffed four @ IS0} HNIL-DOLS, ES0h D401 20005, 1500 45001 : D01 E ((FHES), ISONTEC IT25:2007 "‘m"‘
Acoredived by : MABET-A Grade, MOEF & CC/OPCE & SPOB-A Grade Slmioriad Lok
w Indrascture Engiscring » Sarface & Sub-Sunface Dnvestigation w agricultaral Do » Miter Plansiimg & Deuga M
w Watrr Brasros Ylamapenest # Quakity Central & Freject Managrmen) ® Infermmatian Trchnalagy # Mincral S eh-Sail Faploratom &
= Eplronmental £ Sodal Soady ® Henerable Fisrg = Pahlic Healih Engineering W te Managersen Servhon )

Refl - Envinhb/I1/R-50% Date - 102021

AMBIENT AR QUALITY (COVRE ZOMNE) MONMITORING REPORT- SEPFTEMBER-2021

1 .Mame of Client AMs FERRO ALLOYS OORPORATION LIMITED . BHADRARK
2_ Mame of the Project DDSTAPAL CHROMITE MINES , KALIAPANL JAJPUR
3. Monitoring Instruments @ BDS (APM 460 BL). FPS (APM 550) Envirotech, OO0 Monitor, VOO Sampler
4. Sample Collected by : WCEPL Representative in presence of Client”s Represemtative
moomodeg | mrty | iemrely | wamed | et | eewm | swid | wet | seret | ewmt | swed | i) | e
o AAQMSE-3: At the Middle of the Open Cast Quarry
03.05. 2021 588 5.3 102 111 1.08 5.1 20.2 BOL BOL Bl BDL BEDL
OF.05. 2021 4. 5.8 11 1xr.8 Q.84 5.2 15,6 BOL BOL Bl BDL BEDL
10052021 E1.2 1X6 0.5 4.9 159.2 BOL BOL Bl BDL BEDL
14.05.2021 40.8 1x.1 .95 4.8 158.9 BOL BOL Bl BDL BEDL
1705, 2021 ELE 10U .55 3.6 18.8 BOL BDL B BEDL BDL
21.05. 2021 EO.8 11.2 Q.52 4.1 19.1 BOL BOAL Bl BDL BEDL
24.05. 2021 55.2 11.4 Q.54 5.2 20.1 BOL B Bl BDL BEDL
28.05. 2021 51.9 10.2 Q.58 4.4 159.4 BOL BOL Bl BDL BEDL
Month
l: 4.4 11.8 .94 4.79 19.4 BOL BOL BOiL BOL BDL
MAAL) St ard e = a 1060 A [l o o =] [T
LT L= oo (=] M Cabia Hap b L1 Ja
Sdenfudos | g’y | T prgtm'y pwre’) | gy | grety pare'y | gy | jegieny | jmgiety |
— AAOMS-4: At the Middle of the COB Plant
03.05. 2021 BG4 14.2 1.08 5.5 20.8 BOL BOL Bl BDL BEDL
OF.05. 2021 E1.2 1316 1.0z 5.1 21.2 BOL BOL Bl BDL BEDL
1005, 2021 &2 118 Q.54 4.9 21.6 BOL BOL Bl BDL BEDL
14.05.2021 546 13.2 0.78 4.4 21.4 BOL BOL Bl BDL BEDL
1705, 2021 GG B 1x.2 0.8 3.5 225 BOL BDL B BEDL BEDL
21.05. 2021 ET.4 1.4 .81 5.2 232 BOL BOL Bl BDL BEDL
24.05. 2021 E5.8 1x.1 .77 4.8 2318 BOL BOL Bl BDL BEDL
28.05. 2021 G159 1x.1 Q.72 4.4 21.4 BOL Bl Bl BDL BEDL
Manthihy 54.0 13.0 D.86 4.88 2.3 BOL BN BN BOL BOL
AHHTEE
MAAD Scendard oD - - b £ = o o m -
[ s ) e
LI [r— e e e | rem | s | e [ ms | el | ssssees
[rp— v tce - -

Plot Mar- %1-21 & 23, Chandaka Industrial Estate, Patia, Bhubaneswar, Khurda, (ddisha-TE10Z24, Doalia  Tel: 0674-3511721
E-muail: visiontekisvosplorg. visientekinm gmoil. com
Visil us wl: www.ovesplorg



Annexure No.-10

AMBIENT AIR QUALITY MONITORING REPORT OF BUFFER ZONE

Visiontek Consultancy Services Pvt. Ltd.

(Cammitted For Better Environnen)
Certiffed for ¢ 150 90012015, 1500 14001:2015, 150 45001: 2008 (OH&S), ISOEC 1T025:2017

Foad
dceredived by : NABET-A Grade, MOEF & CC/CPCR & SPCB-A Grade Bmterinl Lok
® lifrastsaciure Ergioring whaarface & SubSurfaee Davestigation W agriularal Do w Minse Plansiig & Desiga Wiimeral Lak
& Waler Rrumree Mo spement #Juality Central & Freject Wanagemeni # Infermotian T bign LT 15 uh-5ail F- &
® Epviren menilil & Social Soaids ® Heiernable Fisigs ® Pabilic Health Eagineering ® Wisle Vi nagemein Serion Micraisnlegy Lab
Ref : Envinb/2 LR-50%T7 Dinte : s 10C20E]

SEFTEMBER-2021

1. Mame of Client : Mis FERRO ALLOYS CORPORATION LIMITED . BHADRAK
2. Mame of the Project SODSTAPAL CHROMITE MINES | KALIAPANL JAJPUR
3. Monitoring Instruments @ RDS (APM 460 BL), FPS {APM 550) Envirotech, OO0 Monitor, VOC Sampler

4. Sample Collected by : WCSPL Bepresentative in presence of Client's Representative
Py | [ | 504 | NO., | ) o4 | HH, | kg | Bap P NI ™
BGHGONR | pagim®) | Gagtmn’) | i | gt | gmarm') | pugim') | gupim’) | wim') | ooty | st | ing/m®) | (ngsm'y
= AAQMS-1: Near Village Ostia
o2zl | esn= | 38 [ 81 | 138 [ o5t [ 61 [ eor [ eoi [ eoe [ eoe | EoL [ EBOL
AAOMS-Z: Near Village Kaposi
roezozy | sz= | 32 ] 84 [ 134 [ pose [ eor [ Bor [ B | e | eme | eoL [ EOL
AAQME-3: Neas Village Kaliapand Tt I
17pepozy | snz | 408 [ 88 | a3 [ 1 | 64 [ 208 [ e | eBoe [ eme | BoL [ BOL
5-d: Mear Villago
el | 545 | 32 | 7s | 112 | nas 5.1 BOL | ®o. | eoe | em | EoL | EOL

Reviewed By

Pht Moo= M-22 & 23, Chandaka Industrial Estate, Patia, Bhubaneswar, Khurda, (hdisha-TS1024, Inalia  Tel: 674-3511721
E-mmail: visiontekves plorg. visiontekingmil. com
Visil us at: www.ovesplorg



Annexure No.-11

FUGITIVE EMISSION ANALYSIS REPORT

(Committed For Better Environment) Lelacatas Seriice
Certified for : 150 9001:2015, ISO 14001:2015, 1SO 45001:2018 (OH&S). ISOMTEC 17025:2017
Accredited by : NABET-A Grade, MOEF & CCXOPCE & SPCB-A Grade

% Visiontek Consultancy Services Pvt. Ltd.

® Infrastracture Engiscring ® Surface & Sub-Sort: -A D ® Mine Plansing & Design

® Water Rewsrer Mamagement ® Qualty Contral & Praject Management ® Infermmation Technalagy ® Minersl Seb-Sail Faplorstion

® Enviroamental & Social Svedy ® Renewable Encrgy @ Pablic Health Eagincering ® Waste M. Services
Ref : Enviah21/R-5106 Date : 96.10.2021

FUGITIVE EMISSION ANALYSIS REPORT-SEPTEMBER- 2021

| Name of Client :M/s FERRO ALLOYS CORPORATION LIMITED . BHADRAK
2. Name of the Project  : OSTAPAL CHROMITE MINES | KALIAPANL JAJPUR
3. Sampling Location : F1- Near Mines Ore Plot Area

F2- Near COB Plant Arca
F3- Near Mines Loading & Unloading Point

4. Mecthod of Sampling : IS 5182(P-5) 1975 RA 2014

LT Date of Sampling : 14.09.2021

6. Datce of Analysis : 15.09.2021

Y & Sample Collected by : VCSPL Representative in presence of Client’s Representative
SL. Analysis Result

Test Parameters Test Method Unit F1 I 3

4 IS 5182 (P-4)1999
| [ A — RA 2014 p g/’ 126 224 181

el Gravimetric Mcthod

Reviewed By Approved By

O

R
Flot No.- M.22 & 23, Chandaka Industrial Estate, Patia, Bhubaneswar, Khurda, Odisha-751024, India  Tel: 0674-3511721
E-mail: visiontek@ vesplorg, visiontekina gmail.com
Visit ux at: www.ovesplorg




Annexure No.-12

NOISE LEVEL SURVEY REPORT

65] Visiontek Consultancy Services Pvt. Ltd.

(Commirtted For Better Environment)
Certified for : 150 9001:2015, 1SO 14001:2015, 1SO 45001:2018 (OH&S), ISOMTEC 17025:2017
Accredited by : NABET-A Grade, MOEF & CC/CPCE & SPCB-A Grade
[ [ ® Mine Plansing & Desigs

® Infrasructure Engiscriog ® Sarface & Sub-Surf, -
® Waler Rewouree Masmagement ® Quality Control & Project Management @ Information Technalagy ® Minersl Sub-Sail Fiplocation
® Eavirvamental & Social Soady ® Henewable Encrgy ® Pablic Health Eagineering ® Waste Mansgeosent Services

Ref : Enviab2 VR-S104 Date : 06.10.2021

NOISE QUALITY ANALYSIS REPORT-SEPTEMBER-2021

:M/s FERRO ALLOYS CORPORATION LIMITED |, BHADRAK

Nanmwe of Cliemst
tOSTAPAL CHROMITE MINES . KALIAPANL JAJPUR

o=

Name of the Project
3. Date of Sampling : 14.09.2021
4. Sampie Collected by : VCSPL Representative in presence of Chient's Representative
Location BN Result im dB (A) - -
D Location Day Time Night Time
) (6.00 am to 10.00pm) {10.00pm to 6.00 am)

N1 Open Cast Quarry Amibieny 71 62

N2 COB Plant 64 58

N3 Mines Loading & Unloading 69.6 638

AMBIENT NOISE LEVEL STANDARD

Limit in dB (A)
Category ArcaZone Day Teme Night Tame
{6.00 am to 10.00pm) (10.00pm to 600 am)
Industrial Area 75 70
Residential Area 55 45
Commercial Area 65 55
Silence Zone 50 40

Plot No.- M-22 & 23, Chandaks Industrial Estate, Patia, Bhubaneswar, Khurda, Odisha-751024, India Tel: 0674-3511721

E-mail: visiontek/@ vesplorg, visiontekinia gmail.com
Vixit us ot: woww.vesplorg



Annexure No.-13

Visiontek Consultancy Services Pvt. Ltd.

(Committed For Better E n:"lmnmnl)
Certified for : 150 90012015, ISO 14001:2015, 1SO 45001: 2018 (OH&S), ISOVTEC 17025:2017
Accredited by : NABET-A Grade, MOEF & CC/OPCE & SPCB-A Grade
® Infravructure Engiscring ® Surface & Sub-Surface lavestipgaion ® Agricultarsl Develoguent ® Mine Plansing & Design
@ Water Rewmarce Masapement ® Quality Coniral & Project Management @ Information Technolagy ® Mineral Seb-Seil Fxpleration
® Eavironmental & Social Sveds ® Henewable Encrgy ® Pablic Health Eagineering ® Waste Mansgement Servioes
Ref : Enviah21/R-5101 Date - 06.10.2021

EFFLUENT WATER DISCHARGE ANALYSIS REPORT-SEPTEMBER- 21

1. Name of Cliemt MUs FERRO ALLOYS CORPORATION LIMITED . BHADRAK
2. Name of the Project COSTAPAL CHROMITE MINES . KALIAPANL JAJPUR
3. Sampling Location : EWI: ETP Outside Discharge Point
4. Mecthod of Sampling : APHA 1060 B
5. Date of Sampling : 14.09.2021
6. Date of Analysis : 15.09.2021 TO 21.09.2021
7. Sample Collected by : VCSPL Represcntative in presence of Chent's Representative
= Stamdards (In bad Amubras Bewlts
N Parsmeters I estumpy Metheds L Serface water) —-——-——..“_.
= V] Comparatcn Mcibod
1| S APHA 2120 B: 23* Edson 2017 —— Linloms Sy &
% Threbold Oueur Sctbod =
o R APELA 2150 B: 23 Edsion 2017 = O . Pungeat Smail
—— B Mcicr =
3. | pHm25X APEHA 4500 H B 23" E&tions. 2017 = e, 31
Gevirnctrie Micthaod
% | Vel Swdgivalell Solighs APHA 2540 D. 23% Edition. 2017 =t - 18
= Ty AAS Moibod B
S | Comp=mO APHA 3111 B 23 Edition. 2017 =t > <0.05
Datillation Sellowo by Spocropbotomce
6 | Flsside s F Mchiod APHA 4500 F C.D; 23+ Exditon = 3 0.21
2017
- Todo 3
¥~ | Femll Mkl Tl ,\Alﬁ;‘mn 7. 4500CL B et ! ND
Hy AAS Moibod y
s Bosdncas APELA 3111 B. 27 Edition. 2017 =yt 4 0.52
= Ty AAS Mcibod s
9 | Mamgmoc = Mn APEIA 3111 B. 23 Editiss 2017 e - 03
= Hy UV-Sceoen Methed =
10 | Nimas 2N APELA 4500 NO,” B 23 Editions, 2017 s - ¥
Dotillation Falkreod by Spociropbotmmctne
11 Phoool: Compoursds so CA80H Mcfiod gt 1 <0001

APHA SSI0-B. D. 23 Editiss. 2017
= = iy AAS Mcoibod - z
52° | Belialion st fle APELA 3500 Se C: 23 Edicss, 2017 wp ass <001
By AAS Motbod

it D——— APHA 3111 B. 23 Edition 2017 =yl . e
Deotillation Fulkrwod by Specinophetimcine

14 | Cysmide mON Mchod  APHA 4500 -CN-CE; 23 -t 0z “D.0%
Edtices. 2017
Ty AAS Mothod =

13° | Lenl =i Ty APEIA 3111 B: 27 Edition_ 3017 by e 0
By AAS Meothod =

15" |. Micecany s Wig APEIA 3132 B: 27 Edition_ 2017 =yl ase <0.001
By AAS Mothod

e Boorrmtralie: APEHLA 3111 B: 23 Edition. 2017 =yt 3 <0.05
By AAS Mcoibod 3 Z

18| AniCad APELA 3113 B: 23 Edition. 2017 et a2 003

§ By AAS Mctbhod ¥

39 | Tomel Chimaietins mh s APELA 3111 B: 23 Editisn. 2017 e A a3

< By AAS Mcibod T

B | Yt e X APELA 3111 8: 23 Edition. 2017 et > e

= . Ty AAS Moihod -

21 Hexavalent Chooensam as Cr APHA 1500 Cr B: 23 Eddices. 2017 mpt at 0001

- By AAS Mcthod -

2 | Vamadiim e v i S S 3 v R by = as 0001
By ErTe——

% y Thersmoerctcr .

23 | Yonposere o PR x sheve the recenems 38

water teomperatur
21 | Dissobved Oxymen Sodificd Wimk ks Mol e = [

Plot No.- M.22 & 23, Chandaka Industrial Estate, Patia, Bhubaneswar, Khurda, Odisha-751024, India Tel: 06743511721
E-mail: visiontek@ vesplorg. visiontekin(@ gmail.com
Visit us at: www.vesplorg
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Annexure No.-13

Visiontek Consultancy Services Pvt. Ltd.

(Commirtted For Better Enrlronmcnl)
Certified for : 150 9001:2015, 1SO 14001:2015, 1S0 45001:2018 (OH&S). ISOMEC 17025:2017
Accredited by : NAII'T--\ Grade, MOEF & (‘C’(‘P(’ﬁ & SPCB-A Grade

® lnfrasructure Engiscring @ Surfsce & Sub-Surface b ® Agricubie ® Mine Plansing & Design
Q“ﬂnlu-m\lm ® Quubty ('odml‘h‘pl\hmp-m @ Infecmatian l’ctinh‘v ® Minerad Seb-Sail Exploraton
® Eavirvamental & Social Svady ® Renewable Energy ® Pablic Health Eagineering ® Wiste Management Servioes
APHA 4500 O. C; 23" E&tions, 2017
25 Biochermscad Osypen Domand s Oxypen Mcthod g » 3.8
— |Bsob 15 3005 { Part 43 12003 -~ 2
Chomcal Oxypen Doarnd = Open Reflux Mcthod g
* | cop APHA S220 B. 23* Editaos. 2017 mpt iad 18
¥ 3 ~ Geavirnctrie Meothod (Solvent Extmction) ,
37| OR& Clocan: APHA £520 B 23 Editios. 2017 -~ » 4.6
2 } By TKN Mcihed : 3
29’ | Assmanical Tiuagense M8 APEIA_4500-NH, C: 23nd Edion 2017 mpl - 12
: ; : By TEN Mcihed =
.. Tatal Kyckinll Novagen sa N APEIA 4S00-N__C: 23nd Editices. 2017 =yl o ol
By Mcthyions Bluc Mcthad . =
3 | Suighide e & APEIA 4500.5 D. 23nd Editicas. 2017 s ¥ A.001
2 Froc Amsnonia ax NH, Bﬁt-kﬂﬂun gl " 4.1
33 P bt Saee of Suspended e Mecthod Shall pass B50 R0
Sodads A.H{A 2540 D 23 E&tica, 2017 n sticros IS Save "
p ataean WY vervivaed of 96% Survival of
M | Biowoay Teu ;S‘::‘:‘;.?:‘::(;' - fisk sfier 9% bours Fish afier 96 Hes
pET) G in HOAG efMuent in 1006 Efflucss

Plot No.-

M-22 & 23, Chandaka Indostrial Estate, Patia, Bhubaneswar, Khurda, Odisha-751024, India

E-mail: visiontek@ vesplLorg, visiontekin(@ gmail.com

Visit us at: www.vesplorg

Tel: 0674-3511721



Annexure No.-14

Expenses for Environmental Protection Measures FY 2021-22(Till 30.09.2021)

Ostapal Chromite Mines

S
No ITEM Expenses in Rs
1 Afforestation FY 2021-22
2997 nos planted (Inside 2897 nos. & Outside 100nos.)
a) | Seedling @65 each 194805
b) | Fertilizer/Insectiside/Cowdung @ 25 /plant 74925
c) | Digging of Pits/Planting (Labor cost) @ 35 104895
d) Post pléntion car.e @ 12p/ ' 359640
(Watering,Weeding,basin making)
e) | Supervising 180000
Sub-total 914265
2 | Water Management & Treatment
a) ETP Op.eration &Mainterlrance 291271
(Including costs of chemical )
Man power for ETP operation & maintenance
b) | cost 1120540
c) | Power Consumption 385480
d) | ETP sludge Disposal 79254
e) | Water Sample Analysis 35580
f) | Water Tax 186600
g) | Impact Assessment Study Ground water 755200
Sub-total 2853925
3 | Dust Suppression & Air, Noise & Soil Monitoring
a) | Water sprinkling by water tanker 1379 trips 413700
b) | Air Monitoring Charges 675670
c) | Noise level measurement 1062
d) | Soil sample analysis 10384
Sub-total 1100816
G.TOTAL 4869006






