
    

                 Steel Limited 
 

Regd. Office: JSW Centre 
Bandra Kurla Complex, 
Bandra (East), Mumbai – 400 051 
CIN :  L27102MH1994PLC152925 
Phone :  +91 22 4286 1000 
Fax :  +91 22 4286 3000 
Website :  www.jsw.in 

 

 

 

 
 

No. JSW/S/CO/2023/300       Date: 30/05/2023 

 

To, 

The Deputy Director General of Forests (C), 

Ministry of Environment, Forest and Climate Change, 

Regional Office (Eastern Zone),  

A/3, Chandersekharpur, Bhubaneswar – 751023 

 

Sub: - Submission of Six-monthly EC compliance report for the Nuagaon Iron Ore Mine of 

M/s JSW Steel Ltd for the period Oct 2022 to March 2023.  

 

Ref:  2. Environment Clearance Letter dated 05.08.2021 for Mines issued by MOEF&CC, GOI. 

 

Dear Sir, 

We are submitting herewith six-monthly EC compliance report of Nuagaon Iron Ore Mine, 

M/s JSW Steel Ltd. for the period Oct 2022 to March 2023 as per EIA notification 2006. The same 

is also attached in Soft copy to your good office on e-mail to roez.bsr-mef@nic.in; for your ready 

reference. 

 

We trust that the measures taken towards environmental safeguards comply with the 

stipulated conditions. We look forward to your guidance which shall certainly help us in our 

endeavor for improving upon our environmental management practices. 

 

Seeking your co-operation as always. 

 

Thanking you, 

 

Yours Faithfully  

For JSW Steel Ltd 

 

 

 

 

 

MrutyunjayaMahapatra 

 (Authorized Signatory)  

 

Encl: As above 
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Copy to: 

1. Zonal Office Kolkata, Central Pollution Control Board, South end Conclave, Block 502, 5th and 

6th Floors, 1582 Razidanga Main Road, Kolkata, West Bengal 700107. 

2. The Member Secretary, State Pollution Control Board, A/118, Nilakantha Nagar, Bhubaneswar, 

Odisha-751012. 

3. The Regional Officer, State Pollution Control Board, Baniapat, DD College Road, Keonjhar, 

Odisha-758001. 
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ENVIRONMENT CLEARANCE COMPLIANCE STATUS –NUAGAON MINE 

Compliance report of Environmental Clearance for Nuagaon Iron Ore Mine, JSW Steel Ltd. 

Reference letter from MoEF&CC, New Delhi- F. No. J-11015/1156/2007-IA.II (M) dated 05.08.2021. 

Capacity- 7.99 MTPA Iron Ore (ROM)  

Sl. No. Environment Clearance Conditions Self - Declaration Compliance Remarks 
A. Specific Conditions   
1 The new lessee, after obtaining Letter of Intent 

(LoI), shall obtain approval under the FCA-1980 
following due procedure, for non-forestry use of 
forest land falling in such mining lease for 
continuing mining operation beyond two years 
during which it has deemed to have acquired rights 
to undertake mining operation. In case, approval 
under the FCA-1980 is not obtained within the 
stipulated time of two years of commencement of 
lease by the new lessee, the mining operations shall 
be stopped till such approval has been obtained. 

Being complied LOI was issued to Nuagaon Iron Ore Mines of M/S JSW Steel 
Ltd vide letter no. 2291/S&M IV(Misc) SM-66/2016 dated 
2nd March 2020 by Department of steel & Mines, Government 
of Odisha. 
The present mining operation is restricted within vested 
Forest area as per FC vide letter no F. No. 8-17/2001-FC, Dtd. 
21/22.04.2004 over 476.205 ha. 
State Government (Steel & Mines Department) has given 
vested order in favour of M/s. JSW Steel Limited vide No. 
4167/SM, dated 29.05.2020 FOR 2 years  
Further It got vested for 50 years vide letter no. 1303/ SM – 
MC1-MRL-0002-2020 dated 15.02.2022. 
 
FC transfer of 371.192 Ha has been taken from Govt of 
Odisha Forest, Environment & Climate Change department 
vide letter no. FE-DIV-FLD-0120-2021-7489/FE&CC dated 
21.04.2022. 
LOI, Vesting Order copies and FC transfer letter has been 
attached as Annexure I 

2 While obtaining approval under the provisions of 
FCA-1980 as per clause (b) above, the new lessee 
shall pay the Net Present Value (NPV) for the total 
forest area located within the mining lease, along 
with any other amount due as per guidelines issued 
by Government of India from time to time. 
However, on the date of issuance of LoI, the state 
government shall realize a lump sum amount at the 
rate of Rs 7.50 lakh per ha (for the total forest area 
within the mining lease) from the new LoI holder. 
This amount shall be deposited into the account of 
CAMPA, which will be adjusted against actual 
compensatory levies payable on the forest land, at 
the time of approval as per clause (b) above. 

Complied Advance NPV of Rs. 487131000 has already been deposited 
into the account of CAMPA with lump sum amount at the rate 
of Rs 7.50 lakh per ha (for the total forest area within the 
mining lease). Details has been attached as ANNEXURE 1 
 
 
 

3 The budget of Rs. 1452.43 Lakhs to address the 
concerns raised by the public including in the public 
hearing to be completed within 3 years from the 
date of start of mining operations. PP shall comply 
all action plans made for public hearing concerns 
and make regular maintenance and record the 
progressive activity outcomes. 

Being complied Out of the total proposed budget of Rs. 1452.43 Lakhs, 
Nuagaon Iron Ore Mines of M/S JSW Steel ltd has done the 
expenditure of Rs 826 Lakhs., till 31.03.2023. 
Details for the same is attached as Annexure II 

4 The Project Proponent shall undertake the adequate 
plantation in peripheral zone as well as gap 
plantation with the seeding of 6-8 ft height with at 
least 90% survival rate to control the dust at source 
and should be completed within 3 years from the 
date of commencement of mining operations. 
Causalities of the previous year should be replaced 
other than the saplings proposed to be planted every 
year. 

Being complied Gap Plantation has been carried out in safety zone, however 
80% survival rate are being maintained, as well as causalities 
of the previous year are being replaced other than the saplings 
proposed to be planted every year. 
2500 saplings were planted in FY 2021-22, and 6000 saplings 
were planted in FY 22-23 near MLP 96 – 101, MLP 32-35, 
MLP 26-28.  
500 saplings were replaced against the casualties of the FY 
2021-22 saplings. 
Photos for the same is attached as Annexure III 

5 PP shall construct garland drains with protective 
bunds around excavated area, to avoid entrance of 
surface run off into pit and mixing with ground 
water. Furthermore, PP shall make garland 
drains/storm water drains along with 
siltation/settling tanks  

Complied Garland drains with protective bunds around excavated area 
has been constructed to avoid entrance of surface runoff into 
pit and mixing with ground water.  
Garland Drains have also been connected with settling pond 
in order to conserve the storm water. 
Around 4 Km Garland drains has been constructed and Photos 
for the same is attached as Annexure IV 

6 Appropriate mitigative measures should be taken to 
prevent pollution of the Karo River and the 
SunaNadi in consultation with the State Pollution 
Control Board. 

Complied Check Dam along with series of 3 Settling Ponds of 
dimension 2m x 2m x 3m has been provided to prevent the 
pollution of Karo river, however there is no mining operation 
near Karo river. 
Mines lease is around 500m from Suna Nadi, no mining 
operations are being carried out near suna nadi. 
Photos of check dam is attached as Annexure V 

7 The conservation plan in consultation with the 
Forest Department shall be implemented and 
compliance of the same shall be submitted to IRO 
of MOEF&CC before 1st July of every year. 

Being Complied Site Specific Wildlife Conservation plan got approved vide 
letter no: 1WL-C-FC-386/08. Dated 28.01.2009 by 
PCCF(Wildlife) and Chief Wild Life Warden. 
Approval Letter along with Implementation certificate has 
been attached as Annexure VI 



8 Project proponent shall furnish a certificate from 
DFO regarding satisfactory compliance of site 
specific wildlife conservation plan prepared by 
earlier lessee.  

Being complied Implementation certificate vide file no. 3877/ 6F-Mining-
33/2020 dated 05.07.2021 issued by DFO, Keonjhar has been 
attached as Annexure VI 

9 No mining activities will be allowed in the part of 
forest land involved in the lease area i.e. 163.618 
Ha (639.823 Ha- 476.205 Ha) for which the forest 
clearance is not available. 

Agreed Upon No mining activities are being carried out in the part of forest 
land involved in the lease area i.e. 163.618 Ha (639.823 Ha- 
476.205 Ha) for which the forest clearance is not available. 

B. Recommendation of CSIR-NEERI Report on “Carrying Capacity Study for Environmentally Sustainable Iron and Manganese Ore 

Mining Activity in Keonjhar, Sundargarh and Mayurbhanj districts of Odisha State 
1 Project Proponent and Department of Steel & 

wines, Govt. of Odisha shall ensure the 
implementation of recommendations of carrying 
capacity study report conducted by CSIR-NEERI 
w.r.t. mining proposal of iron Ore and/or 
manganese in the State of Odisha. 

Complied Recommendation of NEERI such as quantification of air 
emission load, mobile water sprinkler at haul road, dry fog 
type dust suppression system material handling plants 
(crusher and screen) to minimize air pollution has been 
implemented. Monitoring of ambient air and fugitive 
emission data has been implemented and report for the same 
is attached as Annexure VII. Ambient air quality is being 
monitored at buffer zone. CO is being measured as a 
parameter of ambient air quality. PUC check is being 
conducted for the vehicles. Noise level monitoring is being 
carried out. Flow rate measurement of perennial nala is being 
done.  Oil and grease trap has been provided at the vehicle 
washing bay. Environmental sustainability report has also 
been attached with the NEERI report. 2 nos. of Mechanised 
wheel washing has been installed near exit and entry gate. 
Photos for the same is attached as ANNEXURE VIII 

2 Department of Steel & Mines, Govt. of Odisha 
should prepare 5 years’ regional plan for annual 

iron ore requirement from the state, which in turn 
shall be met from different mines/zones (e.g.  Joda, 
Koira.)  in the state. Accordingly, sustainable 
annual production (SAP) for each zone/mine may 
be followed adopting necessary environmental 
protection measures. 

Agreed to comply Department of Steel & Mines, Govt. of Odisha has prepared 
5 years’ regional plan for annual iron ore requirement from 

the state, which are being met from different mines/zones (e.g.  
Joda, Koira.)  in the state. Accordingly, sustainable annual 
production (SAP) for each zone/mine are being followed. 
Report for the same is attached as ANNEXURE IX 

3 Project Proponent shall construct the cement 
concrete road from mine entrance and exit to the 
main road with proper drainage system and green 
belt development along the roads and also 
construction of road with minimum 300 m inside 
the mine. This should be done within one year for 
existing mines and new mine should have since 
beginning. The Department of Steel & Mines, Govt. 
of Odisha should ensure the compliance and should 
not issue the Mining Permits, if mine lease holder 
has not constructed proper cement concrete road as 
suggested. This Environmental Clearance for the 
expansion project shall be operated only after the 
compliance of the above mentioned specific 
condition. 

Complied Cement concrete road from mine entrance and exit to the main 
road with proper drainage system and green belt development 
along the roads has been constructed. Along with this 300m 
of CC road has been provided from MDH weighbridge to 
Guali gate. 

4 The Committee observed that as per the 
recommendations of NEERI report the PP needs to 
do regular vacuum cleaning of all mineral carrying 
roads aiming at “zero dust re-suspension” within 3 

months. This Environmental Clearance for the 
expansion project shall be operated only after the 
compliance of the above mentioned specific 
condition. 

Complied One vacuum sweeping machine has been provided. Fixed 
water sprinkler of 5.6 Km has been provided in the haul road. 
Water sprinkling is being carried out along the haul road by 
two number of truck mounted tanker of reported capacity 50 
Kl and 16 KL. 
Photos for the same is attached as Annexure VIII 

5 Project Proponent shall monitor the environmental 
quality parameters as per EC and CTE/CTO 
conditions, and implementation of suggested 
measures for control of road dust and air pollution. 
Odisha State Pollution Control Board has to ensure 
the compliance of CTE/CTO. Regional office of the 
MoEF&CC, Bhubaneswar shall monitor the 
compliance of the EC conditions.  Regional office 
of the Indian Bureau of Mines (IBM) shall monitor 
the compliance of mining plan   and progressive 
mine closure plan.  Any violation by mine lease 
holder may invite actions per the provisions of 
applicable Acts. 

Complied Environmental quality parameter such as ambient air quality, 
Fugitive emission, Noise level, Surface water quality, Ground 
water quality etc are being monitored by ECOMEN.  
Compliances are being monitored by IBM and MoEF&CC 
through various site visits and inspections. 
Report for the same has been attached as Annexure VII 

6 Project Proponent shall ensure the compliance of 
Suggested Ore Transport Mode (SOTM) with 
association of the State Government of Odisha.  All 
existing mines should ensure adoption of SOTM 
within next 5 years. New mines or mines seeking 
expansion should incorporate provision of SOTM 
in the beginning itself, and should have system in 
place within next 5 years. 

Being Complied Ore transportation through dumper truck are being carried 
out. 25 percent ore are being transported to railway siding 
(located at a distance of 10 km to 25 km approx.), 50 percent 
for shipping (located at a distance 300 km approx.) and to the 
end user (25% located at a distance of 200 km. approx.) by 
dumper.EC was accorded in the year 2021 and period of 5 
year yet to be completed.  



In order to comply SOTM condition JSW has plan to lay 300 
Km of slurry pipeline. Till now we have laid 60 km of slurry 
pipeline out of 300 Km from Nuagaon to Paradeep 

7 The State Govt. of Odisha shall ensure dust free 
roads in mining areas wherever the road 
transportation of mineral is involved. The road 
shoulders shall be paved with fence besides 
compliance with IRC guidelines. All the roads 
should have proper drainage system and apart from 
paving of entire carriage width the remaining right 
of way should have native plantation (dust 
capturing species). Further, regular maintenance 
should also be ensured by the Govt. of Odisha. 
Progress on development of dust free roads, 
implementation of SOTM, increased use  of 
existing rail network, development of additional 
railway network/conveyor belt/ pipelines etc. shall 
be submitted periodically to Regional office of the 
MoEF&CC. 

Being Complied Paved road has been provided for transportation of ore 
through the NH. Natural Plantation along the road has been 
carried out. 
1 road sweeping along with dedicated 18 KL water tanker has 
been deployed for controlling the dust on the transportation 
road. 
SOTM will be implemented once EC for expansion gets 
approved. Till now we have laid 60 km of slurry pipeline out 
of 300 Km from Nuagaon to Paradeep. 
 
 

8 Project Proponent shall develop the parking plazas 
for trucks with proper basic amenities/ facilities 
inside the mine. This should be done within one 
year for existing mines and new mines should have 
since beginning. This Environmental Clearance for 
the expansion project shall be operated only after 
the compliance of the above mentioned specific 
condition. 

Complied Parking plaza of capacity of 200 trucks has been developed at 
the site along with facilities such as toilet and rest area. 
Pavement of the parking plaza has also been done. 
Photos for the same is attached as Annexure VIII 

9 Department of Steel & Mines shall ensure the 
construction of NH 215 as minimum 4 lane road 
with proper drainage system and plantation and 
subsequent regular maintenance of the road as per 
IRC guidelines.  Construction of other mineral 
carrying roads with proper width and drainage 
system along with road side plantation to be carried 
out. This shall be completed within 2 Years. 

Complied 4 lane road on NH 215 with proper drainage system and 
plantation has been constructed by State government and 
subsequent regular maintenance are being carried out. 

10 Regular vacuum cleaning of all mineral carrying 
roads aiming at “Zero Dust Re- suspension” shall 

be adopted by PWD / NHAI/ Mine Lease Holders 
within a time Period of 3 months for existing roads. 
This Environmental Clearance for the expansion 
project shall be operated only after the compliance 
of the above mentioned specific condition. 

Complied One vacuum sweeping machine has been provided.  
2 nos. Wheel washing has been provided at entry and exit gate 
of Guali and Katasahi. Fixed water sprinkler of 5.6 Km has 
been provided in part of the haul road. Water sprinkling is 
being carried out along the haul road by two number of truck 
mounted tanker of capacity 50Kl and 16 KL. 
 

11 In case the total requirement of iron ore exceeds the 
suggested limit for that year, permission for annual 
production by an individual mine may be decided 
depending on approved EC capacity (for total actual 
dispatch) and actual production rate of individual 
mine during last year or any other criteria set by the 
State Govt., i.e. Dept. of Steel & Mines. Department 
of Steel and Mines in consultation with Indian 
Bureau of Mines-RO should prepare in advance 
mine-wise annual production scenario so that 
demand for iron ore can be anticipated, and actual 
production/dispatch does not exceed the suggested 
annual production. 

Agreed Upon Detail of production:  for 2020-21 is  Iron 4.214 MT, and for 
2021-22 Iron 6.264 MT. EC accorded for 7.99 MTPA(ROM) 
of iron ore  along  with 2.MTPA beneficiation plant 

12 R&D studies towards utilization of low-grade iron 
ore should be conducted through research/academic 
institutes   like   IMMT, Bhubaneswar, NML, 
Jamshedpur, and concerned metallurgical 
departments in IITs, NITs   etc., targeting full 
utilization of low-grade iron ore (Fe content up to 
45% by 2020 and up to 40% by 2025). In fact, life 
cycle assessment of whole process including 
environmental considerations should be done for 
techno-economic and environmental viability. 
R&D studies on utilization of mine wastewater 
having high concentration of Fe content for 
different commercial applications   in   industries 
such as cosmetics, pharmaceutical, paint industry 
should also be explored. Responsibility: IBM, Dept. 
of Steel & Mines, Individual Mine Lease Holders. 

Complied Report on washing and de-sliming of iron ore fines of 
Nuagaon mines prepared by IMMT Bhubaneswar has been 
carried out and is attached as Annexure X. 

13 The mining activity in Joda-Koira sector is expected 
to continue for another 100 years, therefore, it will 
be desirable to develop proper rail network in the 
region. Rail transport shall not only be pollution 
free mode but also will be much economical option 
for iron ore transport. The rail network and/or 
conveyor belt system up to public railway siding 

Being Complied Ore transportation through dumper truck are being carried 
out. 25 percent ore are being transported to railway siding 
(located at a distance of 10 km to 25 km approx.), 50 percent 
for shipping (located at a distance 300 km approx.) and to the 
end user (25% located at a distance of 200 km. approx.) by 
dumper.EC was accorded in the year 2021. 



needs to be created. The total length of the conveyor 
belt system/ rail network to be developed from 
mines to nearest railway sidings by 11 mines in Joda 
region is estimated to be about 64 km.  Similarly, in 
Koira region, total length of rail network/ conveyor 
system for 8 mines (under SOTM 1 & 2) is 
estimated to be around 95 km.  Further, it is 
suggested to develop a rail network connecting 
Banspani (Joda region) and Roxy   railway sidings 
in Koira region.  Responsibility:  Dept.  of Steel & 
Mines, Govt.  of Odisha and Concerned Mines 
along with Indian Railways.  Time Period:  
Maximum 7 years (by 2025). The Department of 
Steel & Mines, Govt.  of Odisha should follow-up 
with the concerned Departments and railways so 
that proposed proper rail network is in place by 
2025. 

14 State Govt. of Odisha shall make all efforts to 
ensure exhausting all the iron & manganese ore 
resources in the existing working mines and from 
disturbed mining leases/zones in Joda and Koira 
region. The criteria suggested shall be applicable 
while suggesting appropriate lease area and 
sustainable mining rate. Responsibility: Dept. of 
Steel & Mines, Govt. of Odisha. 

Agreed upon We ensure to exhaust all the Iron ore resources in the site. 

15 Mining Operations/Process Related: Project 
Proponent shall implement the following mitigation 
measures: (i) Appropriate mining process and 
machinery (viz. right capacity, fuel efficient) should 
be selected to carry out various mining operations 
that generate minimal dust/air pollution, noise, 
wastewater and solid waste. e.g. drills should either 
be operated with dust extractors or equipped with 
water injection system. (ii) After commencement of 
mining operation, a study should be conducted to 
assess and quantify emission load generation (in 
terms of air pollution, noise, waste water and solid 
waste) from each of   the   mining activity (including 
transportation) on annual basis. Efforts should be 
made to further eliminate/ minimize generation of 
air pollution/dust, noise, wastewater, solid waste 
generation in successive years through use of better 
technology.  This shall be ensured by the respective 
mine lease holders. (iii) Various 
machineries/equipment selected (viz. dumpers, 
excavators, crushers, screen plants etc.) and 
transport means should have optimum fuel/power 
consumption, and their fuel/power consumption 
should be recorded on monthly basis.  Further, 
inspection and maintenance of all the machineries/ 
equipment/ transport vehicles should be followed as 
per manufacturer’s instructions/ recommended time 

schedule and record should be maintained by the 
respective mine lease holders. 
(iv) Digital processing of the entire lease area using 
remote sensing technique should be carried out 
regularly once in 3 years for monitoring land use 
pattern and mining activity taken place.  Further, the 
extent of pit area excavated should also be 
demarcated based on remote sensing analysis. This 
should be done by ORSAC (Odisha Space 
Applications Centre, Bhubaneswar) or an agency of 
national repute or if done by a private agency, the 
report shall be vetted/ authenticated by ORSAC, 
Bhubaneswar. Expenses towards the same shall be 
borne by the respective mine lease holders. 
Responsibility: Individual Mine Lease Holders. 
 

Complied Drilling is equipped with wet drilling along with dust 
extractor.  Dust load calculation has been carried out and 
report is attached with NEERI compliance report as 
ANNEXURE XI. Inspection and maintenance of all the 
machineries/ equipment/ transport vehicles are being 
followed as per manufacturer’s instructions/ recommended 
time schedule and records are being maintained. Dept. PUC 
check for vehicles are being carried out annually.  
Land use land cover map based on drone image certified by 
ORSAC is attached as ANNEXURE XII. 
 
 

16 Air Environment Related: Project Proponent shall 
implement the following mitigation measures: (i) 
Fugitive dust emissions from all the sources should 
be controlled regularly on daily basis. Water 
spraying arrangement on haul roads, loading and 
unloading and at other transfer points should be 
provided and properly maintained. Further, it will 
be desirable to use water fogging system to 
minimize water consumption. It should be ensured 
that the ambient air quality parameters conform to 

Complied Fugitive emission monitoring is being carried out at 6 
different locations i.e. Screen Plant, waste dump, mines face 
bench, Crusher plant, loading point and Mines haulage road. 
Fixed water spraying arrangement of around 2.4 Km has been 
provided, water tanker two no to suppress dust at the haul road 
has also been provided.   
Ambient air quality monitoring are being carried out at four 
different locations for PM10, PM2.5, SO2, NO2 and CO..  
Three online ambient air quality monitoring station has been 
installed for monitoring of PM10, PM2.5, SO2, NO2 and CO.  



the norms prescribed by the CPCB in this regard.  
(ii)  The core zone of mining activity should be 
monitored on daily basis. Minimum four ambient 
air quality monitoring stations should be established 
in the core zone for SPM, PM10, PM2.5, SO2, NOx 
and CO monitoring.  Location of air quality 
monitoring stations should be decided based on the 
meteorological data, topographical features and 
environmentally and ecologically sensitive targets 
and frequency of monitoring should be undertaken 
in consultation with the State Pollution Control 
Board (based on Emission Load Assessment 
Study).  The number of monitoring locations may 
be more for larger capacity mines and working in 
larger area. Out of four stations, one should be 
online monitoring station in the mines having more 
than 3 MTPA EC Capacity. (iii)  Monitoring in 
buffer zone should be carried out by SPCB or 
through NABET accredited agency.  In addition, air 
quality parameters (SPM, PM10, PM2. 5, 5O2, 
NOx and CO) shall be regularly monitored at 
locations of nearest human habitation including 
schools and other public amenities located nearest 
to source of the dust generation as applicable. 
(iv) Emissions from vehicles as well as heavy 
machinery should be kept under control and 
regularly monitored.  Measures should be taken for 
regular maintenance of vehicles used in mining 
operations and in transportation of mineral. (v) The 
vehicles shall be covered with a tarpaulin and 
should not be overloaded. Further, possibility of 
closed container trucks should be explored for 
direct to destination movement of iron ore. Air 
quality monitoring at one location should also be 
carried out along the transport route within the mine 
(periodically, near truck entry and exit gate), 
Responsibility: Individual Mine Lease Holders and 
SPCB 

PP furnished manual monitoring data of four locations. 
Report for the same is attached as ANNEXURE VII   
 
Monitoring at buffer zone in four location  i.e Koira Basti, 
Bhanjpali village, Kashira Basti and Segasagi village for 
PM10, PM2.5, SO2, NO2 and CO are being carried out. PUC 
check are being carried out and transportation is being done 
through covered trucks, along with this overloading are being 
rectified by automated weighbridges. 
Photos of covered trucks is attached as ANNEXURE XIII. 

17 Noise and Vibration Related: Project Proponent 
shall implement the following mitigation measures: 
(i) Blasting operation should be carried out only 
during daytime. Controlled blasting such as Nonel, 
should be practiced. The mitigation measures for 
control of ground vibrations and to arrest fly rocks 
and boulders should be implemented. (ii) 
Appropriate measures should be taken for control of 
noise levels below 85 DB in the work environment. 
Workers engaged in operations of HEMM, etc. 
should be provided with ear plugs/muffs. (iii) Noise 
levels should be monitored regularly (on weekly 
basis) near the major sources of noise generation 
within the core zone. Further, date, time and 
distance of measurement should also be indicated 
with the noise levels in the report. The data should 
be used to map the noise generation from different 
activities and efforts should be made to maintain the 
noise levels with the acceptable limits of CPCB 
(CPCB, 2000) (iv) Similarly, vibration at various 
sensitive locations should be monitored at least 
once in month, and mapped for any significant 
changes due to successive mining operations. 
Responsibility: Individual Mine Lease Holders. 

Complied Blasting operation are being carried out on day time only and     
controlled blasting is being practiced by using nonel. 
However, blasting study are being carried out monthly.  
Blasting report along with mapping of the significant changes 
or variation in ppv graph is attached as ANNEXURE XIV   
Ambient Noise level monitoring are being carried out at 4 
different locations in core zone as well as 4 locations in buffer 
zone. Along with this Source noise monitoring are carried out 
at 15 different locations.  
and Noise monitoring report along with mapping of the 
significant changes is attached as ANNEXURE XV 
 

18 Water/Wastewater Related: Project Proponent 
shall implement the following mitigation measures: 
(i) In general, the mining operations should be 
restricted to above ground water table and it should 
not intersect groundwater table. However, if enough 
resources are estimated below the ground water 
table, the same may be explored after conducting 
detailed geological studies by GSI and hydro- 
geological studies by CGWB or NIH or institute of 
national repute, and ensuring that no damage to the 
land stability/ water aquifer system shall happen.  
The details/ outcome of such study may be 
reflected/incorporated in the EIA/EMP report of the 
mine appropriately. (ii) Natural watercourse and/or 
water resources should not be obstructed due to any 
mining operations. Regular monitoring of the flow 

Complied The ground water table has not been intersected.  There is no 
Obstruction to natural water course. Monitoring of Surface 
water flow rate and quality of upstream and downstream of 
Topadihi nala, Karo nala, Teheri nalaand Kakara pani nala is 
being done.  Ground water level and quality monitoring data 
are also being carried out. ETP of 15 KL with oil and grease 
trap system and STP of 30 KL has been installed at workshop 
area and Operator colony respectively.  
 
Garland drain of 4 Km has been constructed all along the haul 
road and 400m along the Katesahi OB dump. Retaining wall 
of 500m has been provided around the OB dump. Along with 
this dry stone wall of 800 m has been constructed around the 
S.G dumps. Series of settling ponds has been constructed for 
runoff management.  



rate of the springs and perennial nallas should be 
carried out and records should be maintained. 
Further, regular monitoring of water quality of 
nallas and river passing thorough the mine lease 
area (upstream and downstream locations) should 
be carried out on monthly basis.  (iii)  Regular 
monitoring of ground water level and its quality 
should be carried out within the mine lease area by 
establishing a network of existing wells and 
constructing new piezometers during the mining 
operation. The monitoring should be carried out on 
monthly basis.  (iv) In order to optimize water 
requirement, suitable conservation measures to 
augment ground water resources in the area should 
be undertaken in consultation with Central Ground 
Water Board (CGWB). (v) Suitable rainwater 
harvesting measures on long term basis should be 
planned and implemented in consultation with 
CGWB, to recharge the ground water source. 
Further, CGWB can prepare a comprehensive plan 
for the whole region.  (vi)  Appropriate mitigation 
measures (viz. ETP, STP, garland drains, retaining 
walls, collection of runoff etc.) should be taken to 
prevent pollution of nearby river/other water 
bodies. Water quality monitoring study should be 
conducted by State Pollution Control Board to 
ensure quality of surface and ground water sources 
on regular basis. The study can be conducted 
through NABL/ NABET approved water testing 
laboratory.  However, the report should be vetted by 
SPCB. (vii) Industrial wastewater (workshop and 
wastewater from the mine) should be properly 
collected, treated in ETP so as to conform to the 
discharge standards applicable. (viii) Oil and grease 
trap should be installed before discharge of 
workshop effluents. Further, sewage treatment 
plant should be installed for the employees/colony, 
wherever applicable. (ix) Mine lease holder should 
ensure that no silt originating due to mining activity 
is transported in the surface water course or any 
other water body. Appropriate measures for 
prevention and control of soil erosion and 
management of   silt   should   be undertaken. 
Quantity of silt/soil generated should be measured 
on regular basis for its better utilization. (x) Erosion 
from dumps site should be protected by providing 
geo-textile matting or other suitable material, and   
thick   plantation   of   native trees and shrubs should 
be carried out at the dump slopes.  Further, dumps 
should be protected by retaining walls.  (xi) 
Trenches/ garland drain should be constructed at the 
foot of dumps to arrest silt from being carried to 
water bodies.  Adequate number of check dams 
should be constructed across seasonal/perennial 
nallas (if any) flowing through the mine lease areas 
and silt be arrested.  De-silting at regular intervals 
should be carried out and quantity should be 
recorded for its better utilization, after proper soil 
quality analysis. (xii) The water so collected in the 
reservoir within the mine should be utilized for the 
sprinkling on hauls roads, green belt development 
etc. (xiii) There should be zero waste water 
discharge from the mine. Based on actual water 
withdrawal and consumption/ utilization in 
different activities, water balance diagram should 
be prepared on monthly basis, and efforts should be 
made to optimize consumption of water per ton of 
ore production in successive years. Responsibility: 
Individual Mine Lease Holders, SPCB and CGWB. 

Around 11 settling ponds of different dimensions has been 
constructed within the mine lease area. 
Rain water harvesting structure of dimension 50m x 20m x 
6m has been constructed near Kanusahi area. 
Photos of garland drain, settling pond ANNEXURE IV and 
rain water harvesting structure is attached as ANNEXURE 
XVI. 
Coir mat of around 1000 sqm has been installed in some part 
of SG dump. OB dump at katasahi is in active stage, once it 
gets stabilized proper stabilization will be done. 
 

19 Land/Soil/Overburden Related:  Project 
Proponent shall implement   the following 
mitigation measures: (i) The top soil should 
temporarily be stored at earmarked site(s) only and 
it should not be kept unutilized for long (not more 
than 3 years or as per provisions mentioned in the 
mine plan/ scheme).  The topsoil should be used for 
land reclamation and plantation appropriately. (ii) 
Fodder plots should be developed in the non-

Complied There is no Top soil dump within the mine lease area, once it 
generated it will be stored at earmarked location. 
There is no use of grazing land. 
Over burden, low grade ore stacked in the earmarked area.  
Slope stability study has been conducted through NIT 
Rourkela. 
Height of the OB dump is 63m , slope is 230 and width is 98m. 
 



mineralised area in lieu of use of grazing land, if 
any.  (iii)  Over burden/ low grade ore should be 
stacked at earmarked dump site (s) only and should 
not be kept active for long period.  The dump height 
should be decided on case to case basis, depending 
on the size of mine and quantity of waste material 
generated. However, slope stability study should be 
conducted for larger heights, as per IBM approved 
mine plan and DGMS guidelines. The OB dump 
should be scientifically vegetated with suitable 
native species to prevent erosion and surface run 
off. In critical areas, use of geo textiles should be 
undertaken for stabilization of the dump.  
Monitoring and management of rehabilitated areas 
should continue until the vegetation becomes self-
sustaining.  Proper   records should be maintained 
regarding species, their growth, area coverage etc. 
(iv) Catch drains and siltation ponds of appropriate 
size should be constructed to arrest silt and 
sediment flows from mine operation, soil, OB and 
mineral dumps.  The water so collected can be 
utilized for watering the mine area, roads, green belt 
development etc.  The drains should be regularly 
de-silted, particularly after monsoon and should be 
maintained properly. Appropriate documents 
should be maintained. Garland drain of appropriate 
size, gradient and length should be constructed for 
mine pit, soil.  OB and mineral dumps and sump 
capacity should be designed with appropriate safety 
margin based on long term rainfall data. Sump 
capacity should be provided for adequate retention 
period   to   allow   proper settling of silt material. 
Sedimentation pits should be constructed at the 
corners of the garland drains and de-silted at regular 
intervals.  (v)  Backfilling should be done as per 
approved mining plan/scheme. There should be no 
OB dumps outside the mine lease area. The 
backfilled area should be afforested, aiming to 
restore the normal ground level. Monitoring and 
management of rehabilitated areas should continue 
till the vegetation is established and becomes self-
generating. (vi) Hazardous waste such as, waste oil, 
lubricants, resin, and coal tar etc. should be 
disposed off as per provisions of Hazardous Waste 
Management Rules, 2016, as amended from time to 
time. Responsibility: Individual Mine Lease 
Holders. 

Garland drain of 4 Km has been constructed all along the haul 
road and 400m along the Ktesahi OB dump. Retaining wall of 
500m has been provided around the OB dump. Along with 
this dry masonary wall of 400 m has been constructed around 
the S.G dump of ex-lessee. Series of settling ponds has been 
constructed for runoff management. 
Around 11 settling ponds of different dimensions has been 
constructed within the mine lease area. 
Rain water harvesting structure of dimension 50m x 20m x 
6m has been constructed near Kanusahi area. 
 
Backfilling has not been carried out. 
 
Hazardous waste authorization was granted vide 
authorization number IND-IV-HW-1348/5322 dated 31-03-
2022 for waste oil, lubricants, etc. which are being disposed 
of through authorized recycler. 
Renewal application has been applied vide application no. 
4562912 dated 26.12.2022. 
Form III, IV, HWA and manifesto has been attached as 
ANNEXURE XVII. 
 

20 Ecology/Biodiversity (Flora-Fauna) Related:  
Project Proponent shall implement the following 
mitigation measures: (i) All precautionary measures 
should be taken during mining operation for 
conservation and protection of endangered fauna 
namely elephant, sloth bear etc. spotted in the study 
area. Action plan for conservation of flora and fauna 
should be prepared and implemented in 
consultation with the State Forest and   Wildlife   
Department   within   the   mine lease area, whereas 
outside the mine lease area, the same should be 
maintained by State Forest Department. (ii)  
Afforestation is to be done by using local and mixed 
species saplings within and outside the mining lease 
area. The reclamation and afforestation is to be done 
in such a manner like exploring the growth of fruit 
bearing trees which will attract the fauna and thus 
maintaining the biodiversity of the area.  As 
afforestation done so far is very less, forest   
department   needs to identify adequate land and do 
afforestation by involving local people in a time 
bound manner. (iii) Green belt development carried 
out by mines should be monitored regularly in every 
season and parameters like area under 
vegetation/plantation, type of plantation, type of 
tree species /grass species/scrubs etc., distance 
between the plants and survival rate should be 
recorded. (iv) Green belt is an important sink of air 
pollutants including noise. Development of green 
cover in mining area will not only help reducing air 
and noise pollution but also will improve the 

Complied Site Specific Wildlife Conservation plan got approved vide 
letter no: 1WL-C-FC-386/08. Dated 28.01.2009 by 
PCCF(Wildlife) and Chief Wild Life Warden. 
Afforestation has been carried out by using local and mixed 
species saplings. Fruit bearing plants has been planted within 
the mine lease area. 
Greenbelt development has been carried out. Gap Plantation 
has been carried out in safety zone, however 80% survival rate 
are being maintained, as well as causalities of the previous 
year are being replaced other than the saplings proposed to be 
planted every year. 
2500 saplings were planted in FY 2021-22, and 6000 saplings 
were planted in FY 22-23.  
500 saplings were replaced against the casualties of the FY 
2021-22 saplings. 
 
 

https://odocmms.nic.in/OCMMS/hazardeousWasteAuthApp/showNewFormat/4562912


ecological conditions and prevent soil erosion to a 
greater extent. Further, selection of tree species for 
green belt should constitute dust removal/dust 
capturing plants since plants can act as efficient 
biological filters removing significant amounts of 
particulate pollution.  Thus, the identified native 
trees in the mine area may be encouraged for 
plantation.  Tree species having small leaf area, 
dense hair on leaf surface (rough surface), deep 
channels on leaves should be included for 
plantation. (v) Vetiver plantation on inactive dumps 
may be encouraged as the grass species has high 
strength of anchoring besides medicinal value. (vi) 
Details of compensatory afforestation done should 
be recorded and documented by respective forest 
divisions, and State Forest Department should 
present mine-wise annual status, along with 
expenditure details. Responsibility: Individual 
Mine Lease Holders and State Forest & Wildlife 
Department. 

21 Socio-Economic Related: Project Proponent shall 
implement the following mitigation measures: (i) 
Public interaction should be done on regular basis 
and social welfare activities should be done to meet 
the requirements of the local communities. Further, 
basic amenities and infrastructure facilities like 
education, medical, roads, safe drinking water, 
sanitation, employment, skill development, training 
institute etc. should be developed to alleviate the 
quality of life of the people of the region. (ii) Land 
outees and land losers/affected people, if any, 
should be compensated and rehabilitated as per the 
national/state policy on Resettlement and 
Rehabilitation. (iii) The socio-economic 
development in the region should be focused and 
aligned with the guidelines/initiatives of Govt.  of 
India/ NITI Aayog around prosperity, equality, 
justice, cleanliness, transparency, employment, 
respect to women, hope etc. This can be achieved 
by providing adequate and quality facilities for 
education, medical and developing skills in the 
people of the region. District administration in 
association with mine lease holders should plan for 
“Samagra Vikas” of these blocks well as other 

blocks of the district. While planning for different 
schemes in the region, the activities should be 
prioritized as per Pradhan Mantri Khanij Kshetra 
Kalyan Yojna (PMKKKY), notified by Ministry of 
Mines, Govt.  of India, vide letter no.   16/7/2017-
M.VI (Part), dated September 16, 2015.  
Responsibility:  District  Administration  and 
Individual Mine Lease Holders. 

Being complied Public interactions are being carried out on regular basis and 
social welfare activities are being done to meet the 
requirements of the local communities 
Activities like education, medical, roads, safe drinking water, 
sanitation, employment, skill development, training institute 
etc. has been developed to alleviate the quality of life of the 
people. 
Details of social development activities along with photos has 
been attached as ANNEXURE XVIII. 

22 Road Transport Related: Project Proponent shall 
implement the following mitigation measures: (i) 
All the mine lease holders should follow the 
suggested ore transport mode (SOTM), based on its 
EC capacity within next 5 years. (ii) The mine lease 
holders should ensure construction of cement road 
of appropriate width from and to the entry and exit 
gate of the mine.  Further, maintenance of all the 
roads should be carried out as per the requirement 
to ensure dust free road transport. (iii) 
Transportation of ore should be done by covering 
the trucks with tarpaulin or other suitable 
mechanism so that no spillage of ore/dust takes 
place. Further, air quality in terms of dust, PM:t0 
should be monitored near the roads towards entry & 
exit gate on regular basis, and be maintained within 
the acceptable limits. Responsibility: Individual 
Mine Lease Holders and Dept. of Steel & Mines. 

Complied Cement road has been constructed at the entry gate. Road 
sweeping machine has been provided to ensure dust free road 
transport. Transportation of ore are being carried out through 
covered truck.  Air quality has been monitored near Katasahi 
gate. 
 

23 Occupational Health Related: Project Proponent 
shall implement the following mitigation measures: 
(i) 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 periodically. (ii) 
Occupational health surveillance program for all the 
employees/workers (including casual workers) 

Complied Total 800 numbers of PPEs like safety shoes, reflective jacket, 
safety glass, ear plugs, helmets etc. have been distributed. 
Personnel working in dusty areas wear protective respiratory 
devices and vocational training and information on safety and 
health aspects are being given to them periodically. 
Total number of 3008 Vocational trainings has been carried 
out. 



should be undertaken periodically (on annual basis) 
to observe any changes due to exposure to dust, and 
corrective measures should be taken immediately, if 
needed. 
(iii) Occupational health and safety measures 
related awareness programs including identification 
of work related health hazard, training on malaria 
eradication, HIV and health effects on exposure to 
mineral dust etc., should be carried out for all the 
workers on regular basis.  A full time qualified 
doctor should be engaged for the purpose. Periodic 
monitoring (on 6 monthly basis) for exposure to 
respirable minerals dust on the workers should be 
conducted, and record should be maintained 
including health record of all the workers.  Review 
of impact of various health measures undertaken (at 
an interval of 3 years or less) should be conducted 
followed by follow-up of actions, wherever 
required. Occupational health centre should be 
established near mine site itself.  Responsibility:  
Individual Mine Lease Holders and District 
Administration (District Medical Officer). 
 

773.numbers of IME has been conducted for Nuagaon Iron 
Ore mines. 
Photos of the training and IME form O are attached as 
ANNEXURE XIX. 
 
Occupational health and safety measures related awareness 
programs including identification of work related health 
hazard, training on malaria eradication, HIV and health 
effects on exposure to mineral dust etc., are being carried out. 
Photos for the same is attached as Annexure XIX 
 
 
 

C. Standard Conditions   
I. Statutory Compliance   
1 This Environmental Clearance (EC) is subject to  

orders/  judgment  of Hon‘ble Supreme Court of 
India, Hon’ble High Court, Hon’ble NGT and any 

other Court of Law, Common Cause Conditions as 
may be applicable. 

Agreed to comply Agree to abide by the condition 

2 The Project proponent complies with all the 
statutory requirements and judgment of Hon’ble 
Supreme Court dated 2nd August,2017 in Writ 
Petition (Civil) No. 114 of 2014 in matter of 
Common Cause versus Union of India & Ors. 
before commencing the mining operations. 

Agreed to comply Agree to abide by the condition 

3 The State Government concerned shall ensure that 
mining operation shall not be commenced till the 
entire compensation levied, if any, for illegal 
mining paid by the  Project  Proponent  through  
their  respective Department of Mining & Geology 
in strict compliance of Judgment of Hon’ble 
Supreme Court dated  2nd  August,  2017  in  Writ  
Petition  (Civil} No. 114 of 2014 in matter of 
Common Cause versus Union of India & Ors. 

Being complied State Government (Steel & Mines Department) has given 
vested order in favour of M/s. JSW Steel Limited vide No. 
4167/SM, dated 29.05.2020 FOR 2 years  
Further It got vested for 50 years vide letter no. 1303/ SM – 
MC1-MRL-0002-2020 dated 15.02.2022 for grant of mining 
lease for 50 years and all clearances, vested under section-8A, 
Sub section-2 of Mines and Mineral Development Regulation 
Act, 1957. 
 

4 The Project Proponent shall follow the mitigation 
measures provided in MoEFCC‘s Office 
Memorandum No. Z-11013/57/2014-IA.II (M), 
dated 29th October, 2014, titled “Impact of mining 

activities on Habitations-Issues related to the 
mining Projects wherein Habitations and villages 
are the part of mine lease areas or Habitations and 
villages are surrounded by the mine lease area”. 

Complied As per the Office Memorandum No. Z-11013/57/2014-IA.II 
(M), dated 29th October, 2014, titled “Impact of mining 

activities on Habitations-Issues of MoEFCC‘s, mitigative 
measures are being taken care of. This includes construction 
of garland drains, check dams, retaining walls and settling 
ponds. OM also states about the regular monitoring of natural 
stream, illumination survey and others which are being 
carried out. 

5 A copy of EC letter will be marked to concerned 
Panchayat / local NGO etc.  if any, from whom 
suggestion / representation has been received while 
processing the proposal. 

Complied A copy of EC letter was marked to the sarpanch of Loidapada 
vide letter no. JSW/S/O/2021/194 dated 18/08/2021. 
Copy of the same is attached as Annexure XX 

6 State Pollution Control Board/Committee shall be 
responsible for display of this EC letter at its 
Regional office, District Industries Centre and 
Collector‘s office/ Tehsildar‘s Office for 30 days. 

Complied State Pollution Control Board/Committee has displayed EC 
letter at its Regional office, District Industries Centre and 
Collector‘s office/ Tehsildar‘s Office 

7 The Project Authorities should widely advertise 
about the grant of this EC letter by printing the same 
in at least two local newspapers, one of which shall 
be in vernacular language of the concerned area. 
The advertisement shall be done within 7 days of 
the issue of the clearance letter mentioning that the 
instant project has been accorded EC and copy of 
the EC letter is available with the State Pollution 
Control Board/Committee and web site of the 
Ministry of Environment, Forest and Climate 
Change (www.parivesh.nic.in). A copy of the 
advertisement may be forwarded to the concerned 
MoEFCC Regional Office for compliance and 
record. 

Complied Nuagaon Iron Ore Mine Environment Clearance 
advertisement publication in two local newspapers i.e. “The 

New Indian Express” dated 10.08.2021 and “The Samaja” 

dated 11.08.2021 (vernacular language). Copies of the 
newspaper publications are submitted to ERO MOEF&CC 
vide letter No. JSW/S/O/2021/185 Date: 11/08/2021. 
Copy is attached as ANNEXURE XXI 

8 The Project Proponent shall inform the MoEF&CC 
for any change in ownership of the mining lease. In 
case there is any change in ownership or mining 

Agreed to comply TOR for expansion from 5.62 to 7.99 MTPA was accorded to 
ex-lessee KJS Ahluwalia, while EC was accorded to JSW 
Steel Ltd, PP will inform the MoEF&CC for any change in 



lease is transferred than mining operation shall only 
be carried out after transfer of EC as per provisions 
of the para 1I of EIA Notification, 2006 as amended 
from time to time 

ownership of the mining lease. In case there is any change in 
ownership or mining lease is transferred than mining 
operation will only be carried out after transfer of EC as per 
provisions of the para 1I of EIA Notification, 2006. 
No change in ownership of the mining lease. 

II Air quality monitoring and preservation   

9 The Project Proponent shall install a minimum of 3 
(three) online Ambient Air Quality Monitoring 
Stations with 1 (one) in upwind and 2 (two) in 
downwind direction based on long term 
climatological data about wind direction such that 
an angle of 120° is made between the monitoring 
locations to monitor critical parameters, relevant for 
mining operations, of air pollution viz. PM10, 
PM2.5, NO2, CO and SO2 etc. as per the 
methodology mentioned in NAAQS Notification 
No. B-29016/2o/go/PCI/I, dated 18.11.2009 
covering the  aspects  of transportation and use of 
heavy machinery in the impact zone. The ambient 
air quality shall also be monitored at prominent 
places like office building, canteen etc. as per the 
site condition to ascertain the exposure 
characteristics at specific places. The above data 
shall be digitally displayed within 03 months in 
front of the main Gate of the mine site. 

Complied In consultation with SPCB, three numbers of Continuous 
ambient air monitoring stations (CAAQMS) has been 
installed for PM10, PM2.5, NO2, CO and SO2, maintaining 
an angle of 1200 

 
Location are as below- 
 
CAAQMS 1. Nuagaon_Mines Office 
CAAQMS 2. Nuagaon_Pilar 99 
CAAQMS 3. Nuagaon_Dispensary 
Digital Display Board- Near MDH Gate area 
. 
Photos for the same is attached as Annexure XXII 

10 Effective safeguard measures for prevention of dust 
generation and subsequent suppression (like regular 
water sprinkling, metalled road construction etc.)  
shall be carried out in areas prone to air pollution 
wherein high levels of PM10 and PM2.5 are evident 
such as haul road, loading and unloading point and 
transfer points. The Fugitive dust emissions from all 
sources shall be regularly controlled by installation 
of required equipment’s/ machineries and 

preventive maintenance. Use of suitable water-
soluble chemical dust suppressing agents may be 
explored for better effectiveness of dust control 
system.  It  shall  be  ensured  that  air pollution level 
conform to the standards prescribed by  the  
MoEFCC/  Central Pollution Control Board. 

Complied Fugitive emission monitoring is being carried out at 6 
different locations i.e. Screen Plant, waste dump, mines face 
bench, Crusher plant, loading point and Mines haulage road. 
Fixed water spraying arrangement of around 5.6 Km has been 
provided, water tanker two no to suppress dust at the haul road 
has also been provided. 
Regular water sprinkling through mobile water sprinkler 
tankers being carried out on haul roads with dedicated 50 KL 
and 16 KL. 
Water soluble chemicals after addition with the water tankers 
are also being used on the haul roads. 
Photos of chemicals used on the haul road is attached as 
ANNEXURE XXIII 
 

III Water quality monitoring and preservation   
11 In case, immediate mining scheme envisages 

intersection of ground water table, then 
Environmental Clearance shall become operational 
only after receiving formal clearance from CGWA. 
In case, mining operation involves intersection of 
ground water table at a later stage, then PP shall 
ensure that prior approval from CGWA and 
MoEFCC is in place before such mining operations. 
The permission for intersection of ground water 
table shall essentially be based on detailed hydro- 
geological study of the area. 

Being complied NOC from CGWA for 1225 m3/day is already vested to JSW 
for 2 years and has been transferred in the name of JSW vide 
application No. 21-4(92)/SER/CGWA/2008/831 dated 3rd 
Nov. 2017. Similarly, JSW has applied for NOC renewal, 
which has been approved in the 24th internal EAC meeting. 
Ground water NOC with approved letter is attached as 
ANNEXURE XXIV 
 

12 Project Proponent shall regularly monitor and 
maintain records w.r.t.  ground water level and 
quality in and around the mine lease by establishing 
a network of existing wells as well as new piezo-
meter installations during the mining operation in 
consultation with Central Ground Water Authority/ 
State Ground Water Department. The Report on 
changes in Ground water level and quality shall be 
submitted on six-monthly basis to the Regional 
Office of the Ministry, CGWA and State 
Groundwater Department / State Pollution Control 
Board. 

Complied Monitoring of Surface water flow rate and quality of upstream 
and downstream of Topadihi nala, Karo nala, Teheri nalaand 
Kakara pani nala is being done.. Ground water level and 
quality monitoring data are also being carried out 

13 The Project Proponent shall undertake regular 
monitoring of natural water course/ water 
resources/ springs and perennial nallahs existing/ 
flowing in and around the mine lease and maintain 
its records.  The project proponent shall undertake 
regular monitoring of water quality upstream and 
downstream of water bodies passing within and 
nearby/ adjacent to the mine lease and maintain its 
records. Sufficient number of gullies shall be 
provided at appropriate places within the lease for 
management of water. PP shall Carryout regular 
monitoring w.r.t. pH and included the same in 
monitoring plan.  The parameters to be monitored 

Complied Regular monitoring of water quality of upstream and 
downstream being carried out and Monitoring Reports are 
attached as Annexure VII by ECOMEN. 
Flow rate of the nearby nallas and river are being measured. 
No natural watercourse and water resources are obstructed 
due to mining operations & the same will be taken care of. 
Existing check dams being maintained to prevent any 
pollution of the nearby water bodies. 
2 piezometers has been installed within the mines lease area 
in consultation with CGWA, data for the same is attached as 
ANNEXURE XXV. 
 



shall include their water quality vis-à-vis suitability 
for usage as per CPCB criteria and flow rate. It shall 
be ensured that no obstruction and/or alteration be 
made to water bodies during mining operations 
without justification and prior approval of 
MoEFCC. The monitoring of water courses/ bodies 
existing in lease area shall be carried out four times 
in a Year viz. pre- monsoon (April-May). monsoon 
(August), post-monsoon (November) and winter 
(3anuary) and the record of monitored data may be 
sent regularly to Ministry of Environment, Forest 
and Climate Change and its Regional Office, 
Central Ground Water Authority and Regional 
Director, Central Ground Water Board, State 
Pollution Control Board and Central Pollution 
Control Board. Clearly showing the trend analysis 
on six-monthly basis. 

14 Quality of polluted water generated from mining 
operations which include Chemical Oxygen 
Demand (COD) in mines run-off; acid mine 
drainage and metal contamination in runoff shall be 
monitored along with Total Suspended Solids 
(TDS), Dissolved Oxygen (DO), pH and Total 
Suspended Solids (TSS). The monitored data shall 
be uploaded on the website of the company as well 
as displayed at the project site in public domain, on 
a display board, at a suitable location near the main 
gate of the Company. The circular No. J- 
20012/1/2006- IA.II (M) dated 27.05.2009 issued 
by Ministry of Environment, Forest and Climate 
Change may also be referred in this regard. 

Complied Display board has been provided near the gate. Monitored 
data uploaded in the website of the company along with six 
monthly compliances of Apr22 to Sep 22.  No polluted water 
generated from the Mine. 
Link of the company website is mentioned below. 
https://www.jswsteel.in/investors/jsw-steel-investor-
information-environmental-clearances 
 
 

15 Project Proponent shall plan, develop and 
implement rainwater harvesting measures on long 
term basis to augment ground water resources in the 
area in consultation with Central Ground Water 
Board/ State Groundwater Department. A report on 
amount of water recharged needs to be submitted to 
Regional Office MoEFCC annually. 

Complied Mine sump of dimension (150x50x7) has been used as rain 
water harvesting measure. Rain water harvesting structure of 
dimension 50m x 20m x 6m has also been constructed near 
Kanusahi area. 
Hydrology study carried out by accredited agency as per 
CGWB guideline. 

16 Industrial waste water (workshop and waste water 
from the mine) should be properly collected and 
treated so as to conform to the notified standards 
prescribed from time to time.  The standards shall 
be prescribed through Consent to Operate (CTO) 
issued by concerned State Pollution Control Board 
(SPCB). The workshop effluent shall be treated 
after its initial passage through Oil and  grease  trap. 

Complied Workshop along with ETP/Oil Grease Trap System 
developed in the mine. 
No process water being discharged from the mine.  
The waste water generated from workshop being treated by 
ETP/Mechanized Oil Grease Trap System with recirculation 
facility. 
Regular Monitoring of water quality parameters being carried 
out by NABET Accredited laboratory. 
Report for the same is attached as ANNEXURE VII 

17 The water balance/water auditing shall be carried 
out and measure for reducing the consumption of 
water shall be taken up and reported to the Regional 
Office of the MoEF&CC and State Pollution 
Control Board/ Committee. 

Complied Total water requirement for Nuagaon Iron Ore mines is 1225 
KLD. Rain water collected in pits are being utilizing for dust 
suppression in the mining operations. Fixed water sprinklers, 
pressurized mobile water tankers get utilized for dust 
suppression arrangement for reducing water requirement. 
Complete water balance diagram is attached as ANNEXURE 
XXVI 

IV Noise and vibration monitoring and 
prevention 

  

18 The peak particle velocity at 500m distance or 
within the  nearest  habitation, whichever is closer 
shall be monitored periodically as per applicable 
DGMS guidelines. 

Complied Peak particle velocity are being monitored at 500m distance. 

19 The illumination and sound at night at project sites 
disturb the villages in respect of both human and 
animal population. Consequent sleeping disorders 
and stress may affect the health in the villages 
located close to mining operations. Habitations 
have a right for darkness and minimal noise levels 
at night. PPs must ensure that the biological clock 
of the villages is not disturbed; by orienting the 
floodlights/ masks away from the villagers and 
keeping the noise levels well within the prescribed 
limits for day /night hours. 

Complied Mining is being carried out in the already broken up area as 
per approved mine plan. Illumination and sound is restricted 
into core zone only. No project sites disturb the villages in 
respect of both human and animal population.  
Ambient Noise level monitoring are being carried out at 4 
different locations in core zone as well as 4 locations in buffer 
zone. Along with this Source noise monitoring are carried out 
at 15 different locations.  
and Noise monitoring report along with mapping of the 
significant changes is attached as ANNEXURE XV 
 

20 The Project Proponent shall take measures for 
control of noise levels below 85 dBA in the work 
environment. The workers engaged in operations of 
HEMM, etc. should be provided with ear plugs 
/muffs. All personnel including labourers working 
in dusty areas shall be provided with protective 
respiratory devices along with adequate training, 

Complied As per the observation from noise monitoring regularly 
carried out, noise level is observed to be below 85dBA in the 
work zone area. 800 no PPE set (including helmet, safety 
shoe, safety jacket, ear muffs, and dust musk) has been issued.  
Workers are equipped with PPEs in the working zone. 



awareness and information on safety and health 
aspects. The PP shall be held responsible in case it 
has been found that workers/ personals/ labourers 
are working without personal protective equipment. 

V Mining Plan   
21 The Project Proponent shall adhere to approved 

mining plan, inter alia, including, total excavation 
(quantum of mineral, waste, over burden, inter 
burden and top soil etc.); mining technology; lease 
area; scope of working (method of mining, 
overburden & dump management, O.B & dump 
mining, mineral transportation mode, ultimate 
depth of mining, concurrent reclamation and 
reclamation at mine closure; land-use of the mine 
lease area at various stages of mining scheme as 
well as at the end-of-life; etc.). 

Complied All mining activities being carried out in accordance with 
approved mining plan and EC conditions. 

22 The land-use of the mine lease area at various stages 
of mining scheme as well as at the end-of-life shall 
be governed as per the approved Mining Plan. The 
excavation vis-â-vis backfilling in the mine lease 
area and corresponding afforestation to be raised in 
the reclaimed area shall be governed as per 
approved mining plan. PP shall ensure the 
monitoring and management of rehabilitated areas 
until the vegetation becomes self-sustaining. The 
compliance status shall be submitted half-yearly to 
the MoEFCC and its concerned Regional Office. 

Complied All the mining operations are being carried out as per 
approved Mine Plan including excavation and backfilling. 

VI Land reclamation   
23 The Overburden (O.B.) generated during the 

mining operations shall be stacked at earmarked OB 
dump site(s) only and it should not be kept active 
for a long period of time. The physical parameters 
of the OB dumps like height, width and angle of 
slope shall be governed as per the approved Mining 
Plan as per the guidelines/circulars issued by 
D.G.M.S w.r.t. safety in mining operations shall be 
strictly adhered to maintain the stability of top 
soil/OB dumps. The topsoil shall be used for land 
reclamation and plantation. 

Complied Over burden being stacked at earmarked site and after 
maturity same will be stabilized with plantation. 
Height of the OB dump is 63m , slope is 230 and width is 98m 
Slope stability study has been conducted by NIT Rourkela and 
is attached as ANNEXURE XXVII 

24 The slope of dumps shall be vegetated in scientific 
manner with suitable native species to maintain the 
slope stability, prevent erosion and surface run off. 
The selection of local species regulates local 
climatic parameters and help in adaptation of plant 
species to the microclimate.  The gullies formed on 
slopes should be adequately taken care of as it 
impacts the overall stability of dumps. The dump 
mass should be consolidated with the help of dozer/ 
compactors thereby ensuring proper filling/ 
levelling of dump mass.  In  critical  areas,  use  of 
geo textiles/ geo-membranes / clay liners / 
Bentonite etc. shall be undertaken for stabilization 
of the dump. 

Complied Over burden being stacked at earmarked site and after 
maturity same will be stabilized with plantation. 
 

25 Catch drains, settling tanks and siltation ponds of 
appropriate size shall be constructed around the 
mine working, mineral yards and Top 
Soil/OB/Waste dumps to prevent run off of water 
and flow of sediments directly into the water bodies 
(Nallah/ River/ Pond etc.). The collected water 
should be utilized for watering the mine area, roads, 
green belt development, plantation etc.  The drains/ 
sedimentation sumps etc. shall be de-silted 
regularly, particularly after monsoon season, and 
maintained properly. 

Complied Garland drain of 4 Km has been constructed all along the haul 
road and 400m along the Ktesahi OB dump. Retaining wall of 
500m has been provided around the OB dump. Along with 
this dry masonary wall of 400 m has been constructed around 
the S.G dump of ex-lessee. Series of settling ponds has been 
constructed for runoff management. 
Around 11 settling ponds of different dimensions has been 
constructed within the mine lease area. 
 

26 Check dams of appropriate size, gradient and length 
shall be constructed around mine pit and OB dumps 
to prevent storm run-off and sediment flow into 
adjoining water bodies. A safety margin of 50% 
shall be kept for designing of sump structures over 
and above peak rainfall (based on 50 years’ data) 

and maximum discharge in the mine and its 
adjoining area which shall also help in providing 
adequate retention time period thereby allowing 
proper settling of sediments/ silt material. The 
sedimentation pits/ sumps shall be constructed at 
the corners of the garland drains. 

Complied 9 numbers of settling ponds has been constructed within the 
mine lease with dimension around 4m x 4m x 3m. 2 settling 
ponds at Guali and Gangaigoda with dimension 10m x 8m x 
3m has been constructed. 
Check Dam along with series of 3 Settling Ponds of 
dimension 2m x 2m x 3m has been provided to prevent the 
pollution of Karo river. 

VII Transportation   



27 No Transportation of the minerals shall be allowed 
in case of roads passing through villages/ 
habitations. In such cases, PP shall construct a 
'bypass’ road for the purpose of transportation of the 
minerals leaving an adequate gap (say at least 200 
meters) so that the adverse impact of sound and dust 
along with chances of accidents could be mitigated. 
All costs resulting from widening and strengthening 
of existing public road network shall be borne by 
the PP in consultation with nodal State Govt. 
Department. Transportation of minerals through 
road movement in case of existing village/ rural 
roads shall be allowed in consultation with nodal 
State Govt. Department only after required 
strengthening such that the carrying capacity of 
roads is increased to handle the traffic load. The 
pollution due to transportation load on the 
environment will be effectively controlled and 
water sprinkling will also be done regularly. 
Vehicular emissions shall be kept under control and 
regularly monitored.  Project should obtain 
Pollution Under Control (PUC) certificate for all the 
vehicles from authorized pollution testing centres. 
(If applicable in case of road transport). 

Complied No transportation of the minerals is allowed through the roads 
passing through villages/ habitations. 
Dispatch is done only through NH. 
PUC check are being done on regular basis. 

28 The Main haulage road within the mine lease should 
be provided with a permanent water sprinkling 
arrangement for dust suppression. Other roads 
within the mine lease should be wetted regularly 
with tanker-mounted water sprinkling system. The 
other areas of dust generation like crushing zone, 
material transfer points, material yards etc. should 
invariably be provided with dust suppression 
arrangements. The air pollution control 
equipment’s like bag filters, vacuum suction hoods, 

dry fogging system etc. shall be installed at 
Crushers, belt- conveyors and other areas prone to 
air pollution. The belt conveyor should be fully 
covered to avoid generation of dust while 
transportation. PP shall take necessary measures to 
avoid generation of fugitive dust emissions. 

Complied Fixed water sprinkler of around 2.4 Km has been provided in 
part of the haul road. Water sprinkling are being doone along 
the haul road by two number of truck mounted tanker of 
reported capacity 50Kl and 16 KL  
Dust Suppression System (Dry fog system) has been provided 
at crusher and screening plant. 
Generation of fugitive dust emissions are controlled by 
regular water sprinkling on haul roads and mechanical road 
sweepers on concrete road, paved areas. 
Water sprinkling are being done on the haul road and vacuum 
sweeping on the national Highway to control fugitive dust. 

VIII Green Belt   
29 The Project Proponent shall develop greenbelt in 

7.5m wide safety zone all along the mine lease 
boundary as per the guidelines of CPCB in order to 
arrest pollution emanating from mining operations 
within the lease. The whole Green belt shall be 
developed within first 5 years starting from 
windward side of the active mining area. The 
development of greenbelt shall be governed as per 
the EC granted by the Ministry irrespective of the 
stipulation made in approved mine plan. 

Complied 2500 saplings were planted in FY 2021-22, and 6000 saplings 
were planted in FY 22-23. Gap plantation are being carried 
out in the safety zone. 
 

30 The Project Proponent shall carryout plantation/ 
afforestation in backfilled and reclaimed area of 
mining lease, around water body, along the 
roadsides, in community areas etc. by planting the 
native species in consultation with the State Forest 
Department/ Agriculture Department/ Rural 
development department/ Tribal Welfare 
Department/ Gram Panchayat such that only those 
species be selected which are of use to the local 
people. The CPCB guidelines in this respect shall 
also be adhered. The density of the trees should be 
around 2500 saplings per Hectare. Adequate 
budgetary provision shall be made  for protection 
and care of trees. 

Complied Backfilling and reclamation will be carry out as per approved 
mine plan. Plantation will be carried out after maturity of the 
same. 

31 The Project Proponent shall make necessary 
alternative arrangements for livestock feed by 
developing grazing land with a view to compensate 
those areas which are coming within the mine lease. 
The development of such grazing land shall be done 
in consultation with the State Government. In this 
regard, Project Proponent should essentially 
implement the directions of the Hon’ble Supreme 

Court with regard to acquisition of grazing land. 
The sparse trees on such grazing ground, which 
provide mid-day shelter from the scorching sun, 
should  be  scrupulously guarded/ protected against 

Agreed to comply No grazing land exist within the mine lease area. 



felling and plantation  of  such  trees should be 
promoted. 

IX Public hearing and human health issues   
32 Project Proponent shall make provision for the 

housing for workers/labours or shall construct 
labour camps within/outside (company owned land) 
with necessary basic infrastructure/ facilities like 
fuel for cooking, mobile toilets, mobile STP, safe 
drinking water, medical health care, crèche for kids 
etc. The housing may be provided in the form of 
temporary structures which can be removed after 
the completion of the project related infrastructure. 
The domestic waste water should be treated with 
STP in order to avoid contamination of 
underground water. 

Complied Labour camp has been provided. STP of 30 KLD has been 
installed for treatment of the domestic water. The treated 
water is being used for plantation activities. 
drinking water, medical health care facilities and crèche for 
the kids has also been provided. The housing provided is in 
the form of temporary structures which can be removed. 

X Corporate Environment Responsibility (CER)   
33 The Project Proponent shall submit the time-bound 

action plan to the concerned regional office of the 
Ministry within 6 months from the date of issuance 
of environmental clearance for undertaking the 
activities committed during public consultation by 
the project proponent and as discussed by the EAC, 
in terms of the provisions of the MoEF&CC Office 
Memorandum No.22-65/2017-IA.III dated 30 
September, 2020. The action plan shall be 
implemented within three years of commencement 
of the project. 

Being complied Out of the total proposed budget of Rs. 1452.43 Lakhs, 
Nuagaon Iron Ore Mines of M/S JSW Steel ltd has done the 
expenditure of Rs 826 Lakhs till 31.03.2023. 
Details for the same is attached as Annexure II. 

XI. Miscellaneous   
34 The Project Proponent shall prepare digital map 

(land use & land cover) of the entire lease area once 
in five Years purpose of monitoring land use pattern 
and submit a report to concerned Regional Office of 
the MoEF&CC. 

Complied DGPS Surveyed Mining lease boundary superimposed on 
High Resolution Satellite image of Nuagaon Iron Ore Mine 
duly vetted by M/s ORSAC has been attached as Annexure 
XII. 

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

Agreed to comply The project authority will inform to the regional officer 
regarding the date of final closure of the project. 

36 The Project Proponent shall submit six monthly 
compliance reports on the status  of the 
implementation of the stipulated environmental 
safeguards to the MOEFCC &its concerned 
Regional Office, Central Pollution Control Board 
and State Pollution Control Board. 

Complied Being complied. Last six monthly compliance report along 
with monitoring data vide letter no JSW/S/O/2022/839 dated 
30/11/2022 was submitted to Regional Office, MOEF&CC, 
Bhubaneswar, Zonal Office, MS and RO Offices SPCB, 
Odisha.  

37 A separate Environmental Management Cell’ with 

suitable qualified manpower should be set-up under 
the control of a Senior Executive. The Senior 
Executive shall directly report to Head of the 
Organization. Adequate number of qualified 
Environmental Scientists and Mining Engineers 
shall be appointed and submit a report to RO, 
MoEF&CC. 

Complied Environment Management Cell (EMC) structure has been 
attached as ANNEXURE XXVIII 

38 The concerned Regional Office of the MoEF&CC 
shall randomly monitor compliance of the 
stipulated conditions. The project authorities should 
extend full cooperation to the MoEF&CC officer(s) 
by furnishing the requisite data / information 
/monitoring reports. 

Agreed to comply Agreed to cooperate with The concerned Regional Office of 
the MoEF&CC 

39 In pursuant to Ministry’s O.M No 22-34/2018-
IA.III dated 16.01.2020 to comply with the 
direction made by Hon’ble Supreme Court on 

8.01.2020 in W.P. (Civil) No 114/2014 in the matter 
Common Cause vs Union of India, the mining lease 
holder shall after ceasing mining operations, 
undertake regressing the mining area and any other 
area which may have been disturbed due to other 
mining activities and restore the land to a condition 
which is fit for growth of fodder, flora, fauna etc. 

Agreed to comply Will be complied. 

40 The Ministry or any other competent authority may 
alter/modify the above conditions or stipulate any 
further condition in the interest of environment 
protection. 

Noted Noted 

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

Noted Noted 



42 The above conditions will be enforced inter-alia, 
under the provisions of the Water (Prevention & 
Control of Pollution) Act, 1974, the Air (Prevention 
& Control of Pollution) Act, 1981, the Environment 
(Protection)Act, 1986 and the Public Liability 
Insurance Act, 1991 along with their amendments 
and rules made there under and also any other 
orders passed by the Hon’ble Supreme Court of 

India/High Court and any other Court of Law 
relating to the subject matter. 

Noted Noted 

43 Any appeal against this environmental clearance 
shall lie with the National Green Tribunal, if 
preferred, within a period of 30 days as prescribed, 
within a period of 30 days as prescribed under 
Section 16 of the National Green Tribunal Act, 
2010.   

Noted Noted 

44 This issues with the approval of Competent 
Authority 

Noted Noted 

 

 

 















Government of Odisha 

•• 	Steel and Mines Department 

VESTING ORDER 

No. 	1 I 	/SM 	 Dated the 29th  May 2020 
III(A)SM-01/2020 

Whereas a mining lease of the following description, which was held by 

M/s KJS Ahluwalia (hereinafter referred to as the previous lessee) with validity 

period upto 31.03.2020 has been auctioned and M/s JSW Steel Ltd., has been 

declared as the preferred bidder of the said mine. 

Description of the Mining Block 

Name of Mineral(s) - Iron 

Name of Mining lease - Nuagaon Iron Block. 

Address/location of mining lease - Village Nuagaon under Barbil 
Tahasil of Keonjhar district. 

Area of lease - 776.969 hects (As per DGPS)/ 767.284 hects(As per 
ROR). 

And whereas, a letter of intent bearing no 2291 dated 02.03.2020 has 

been issued in favour of the preferred bidder for grant of mining lease for the 
above mentioned mining block; 

And whereas, in terms of section 8B(2) of the MMDR Act, 1957 read 

with rule 9A(4) of the Mineral (Other than Atomic and Hydrocarbon Energy 

Minerals) Concession Rules, 2016 [herein after called the Rules'2016], the 

holder of the letter of intent for the said mining block shall be deemed to have 

acquired all valid rights, approvals, clearances, licenses and the like vested 
with the previous lessee. 

Now therefore, the undersigned being the Nodal Officer for the State of 

\ Odisha having been nominated under rule 9A(1) of the Mineral (Other than 

Atomic and Hydrocarbon Energy Minerals) Concession Rules, 2016 [herein 

after called the Rules,2016], do hereby, pursuant to the provisions contained 

in rule 9A(2) of the Rules,2016 order that all the valid rights, approvals, 

clearances, licenses and the like vested in the previous lessee in respect of 

the aforementioned mining block are deemed to have vested in favour of the 

holder of the letter of intent on the same terms and conditions of every rights, 

approvals, clearances, licenses, and the like which vested with previous 
lessee. 



Without prejudice to the generality of the provisions of section 8B(2) of 

the MMDR Act, 1957, the details of the valid rights, approvals, clearances, 

licenses, and the like held by the previous lessee and vested in favour of the 

holder of the Letter of Intent are given in the Annexure-I to this order. 

This vesting order is valid for a period of two years from the date of 

execution of lease deed or till the date of getting fresh approvals, clearances, 

licenses, permits, and the like, whichever is earlier 

(S K. 
Nodal Officer-cum-Spe rptary to Government 

Memo No. 	L1 i io  S'I 	/ SM 	 Dated: 29th  May 2020 
Copy to alongwith Annexure-I forwarded to M/s JSW Steel Ltd, JSW 

Centre, Bandra Kurla Complex, Bandra (East), Mumbai- 400051 for 

information and necessary action. It is requested that one copy each of the 

documents mentioned in the Annexure-I may be collected from the office of 

the Director Mines, Odisha, Bhubaneswar during office working hours. 	f 
",---- 

. ,- • ' 
/ No 	

0 Memo No.   Li  /6(  	/SM 	 Dated: 29th  May 2020 
Copy to alongwith Annexure-I forwarded to M/s KJS Ahluwalia, P.B No-

3, Barbil, Keonjhar- 758035, Odisha for information and necessary action. 

nodal Off* 
Memo No. 	 / SM 	 Dated: 29th  May 2026 

Copy alongwith Annexure-I forwarded to Indian Bureau of Mines, 

Bhubaneswar/ MoEF & CC, 534, Paryavaran Bhawan, CGO Complex, Lodhi 

Road, New Delhi 110003/ MoEF & CC (FC Divison), Indira Paryavaran 

Bhawan, Aliganj, Jorbagh Road, New Delhi 110003/ SPCB, Parivesh Bhawan, 

A/118, Nilakantha Nagar, Unit-VIII, Bhubaneswar, Odisha, 751012/ Director 

General of Mines Safety, Chaibasa Regiona, Chaibasa, 833201 /Ministry of 

Water Resource, River Development and Ganga Rejuvenation, West Block-2, 

Wing 3, Sector-1, R.K. Puram, New Delhi-110066 for information and 
necessary action. 

Nodal 



Memo No.  II 	/ SM 	 Date: 29th  May 2020 
Copy alongwith Annexure-I forwarded to Director of Mines, Odisha, 

Bhubaneswar for information and necessary action. He is requested to provide 
one copy each of the documents described in the Annexure-I to the 
authorized representative of the LoI holder with proper acknowledgement and 
forward a copy of acknowledgement to the Department for record. 

Date: 29th  May 2020 
Copy alongwith Annexure-I forwarded to Collector, Keonjhar/ Deputy 

Director of Mines, 70Cia ./ DFO, Keonjhar for information and necessary 
action. 

odal 

Memo No.  	1  	SM 	 Date: 29th  May 2020 
Copy alongwith Annexure-I forwarded to Forest and Environment 

Department/ PCCF(Nodal), Bhubaneswar for information and necessary 
action. 

Nodal 0 	cA/1)°  

Memo No. 	LI 	SM 



• Name of the Block : 
	

/aon Iron ore Block 
LoI Holder 
	

JSW Steel Ltd 
Area of the Lease : 

	
767.284 Hects (As per ROR) 
776.969 hects (As per. DGPS) 

ANNEXURE-I 

SL 
No 

Nature of 
approval 

clearance etc 

Issuing officer/authority Reference No./ Date of Issue 

1 Mining Plat). Regional Controller of 
Mines, Bhubaneswar, 
Govt. of India 

MSM/FM/48-ORI/BHU/2017-
18/322, 
Dated 23.04.2018. 

2 EC MoEF 86 CC, Govt. of 
India 

J-11015/ 1156/2007-IA II(M),Dtd 
02.02.10 
J-11015/317/2009-IA II(M),Dtd 
16.02.12 

3 FC MoEF & CC, Govt. of 
India, 

F. No. 8-17/2001-FC, Dtd. 
21/22.04.2004 over 476.205 

4 Consent to 
Establish 

State Pollution Control 
Board, Odisha 

14617/IND-II-NOC-5421, 
-Dated 03.09.2015 

5 Consent to 
Operate 

State Pollution Control 
Board, Odisha 

3500-IND-I-CON-2320, 
Dated 27.02.2016 

6 Surface Right District Collector, 
Keonjhar 

Surface Right granted over 
416.604 hects 

7 Deep Hole 
Blasting 86 use 
of HEMM 

Directorate General of 
Mines Safety, Chaibasa 
Region, Chaibasa, Govt. 
of India 

Memo No-330131/1501, 
Dated 06.06.2017, 
Letter No-CR/443, Dtd. 29.01.03 

8 

. 

Ground Water 
Withdrawal 

• 

Member Secretary 
(CGWA), Central Ground 
Water Authority , Govt. of. 
India 

21-4(92)/SER/CGWA/2008/ 
1831, Dtd. 03.11.17 

1. Vesting of clearances/approvals/licences/permissions /rights as above does not 

have the effect of transfer of ownership of infrastructure established and the ore 8s 

minerals raised by the ex-lessee which shall be governed by the provisions of the 

rules 12(1)(gg) and 12(1)(hh) of the Minerals Concession Rules, 2016. However, on 

acquisition of such infrastructure from the ex-lessee and submission of evidence 

thereof, the new lessee may be vested with related clearances/ approvals etc at the 

relevant time. 

2. Vesting of Forest Clearance is subject to payment of NPV as prescribed in letter dtd. 

31.03.2020 of Government of India, Ministry of Environment, Forest 8s Climate 

Change. 

















SL NO. ITEMS
TOTAL AMOUNT for Committed 

CER in Lakh TOTAL AMOUNT (FY 20 - 21) TOTAL AMOUNT (FY 21 - 22) TOTAL AMOUNT (FY 22 - 23)
1 Infrastructure Development 731.27 6716380 17996155 7284265
2 Health Infrastructure & Services 90 2238725 12200000 9184865
3 Education Infrastructure & Support 260.9 1687336 2219329 10385067
4 Sustainable  Livelihood 205.2 0 887750 1510040
5 Vocational Training 71.06 0 0 362268
6 Special Program 94 100000 138263 9690130

Total 1452.43 10742441 33441497 38416635 82600573
826 Lakhs

CER Cost Breakup with Activities 

NUAGAON IRON ORE MINES



PLANTATION          

 



Retaining wall/Garland drain/Settling Pond  
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     NUAGAON IRON ORE MINE 

 
Environmental Monitoring Report- Nuagaon Iron Ore Mines of  

M/s JSW Steel Limited, Odisha during the period  
(October 2022 to March 2023) 

 
1. Ambient Air Quality Lease Area 

 
Sl.  

No. 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

1. 

 

 

 

 

 

 

Near LP99 (Near 
Creche) 

 

Oct’22 

Maximum 
49.9 17.9 14.9 17.9 0.59 

Minimum 
42.8 13.1 12.1 14.2 0.48 

Average 
46.0 15.3 13.9 16.1 0.5 

Nov’22 

Maximum 
43.7 16.5 14.9 17.9 0.5 

Minimum 
35.4 13.3 12.1 14.4 0.41 

Average 
39.1 15.0 13.7 16.4 0.5 

Dec’22 

Maximum 
48.7 18.0 14.8 15.8 0.5 

Minimum 
41.1 14.0 12 12.4 0.42 

Average 
45.2 16.1 13.5 13.8 0.5 

Jan’23 

Maximum 
61.0 18.4 18.0 15.9 0.49 

Minimum 
53.9 12.6 15.2 13.0 0.42 

Average 
57.5 15.5 16.7 14.4 0.4 

Feb’23 

Maximum 
70.8 21.8 17.8 16.7 0.5 

Minimum 
65.0 14.9 15.0 14.2 0.41 

Average 68.0 17.5 16.4 15.5 0.5 
   Maximum 

77.4 31.6 13.5 28.6 0.72 

  March’23 Minimum 
51.4 20.1 9.9 19.3 0.36 

   Average 
60.7 24.5 11.6 23.1 0.6 

 

 

Oct’22 

Maximum 
49.8 17.7 14.8 17.7 0.6 

Minimum 
42.1 13.1 12.1 14.2 0.48 

Average 
45.3 15.6 13.7 15.9 0.5 
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Sl.  

No 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

 
 
 
 
 
 
 
 
 
 
 
 

2. 

 
 
 
 
 
 
 
 
 
 

Near Mines Office 
 

 

Nov’22 

Maximum 
42.8 16.6 14.8 18.3 0.49 

Minimum 
35 13.7 12.3 14.2 0.41 

Average 
38.6 14.9 13.4 16.2 0.5 

Dec’22 

Maximum 
48.8 18 15 15.8 0.5 

Minimum 
41.3 14.2 12 12.1 0.42 

Average 
44.7 16.1 13.8 14.1 0.4 

Jan’23 

Maximum 
60.6 18.9 18 16 0.5 

Minimum 
53.3 12.3 15.1 13 0.41 

Average 
57.3 15.5 16.5 14.3 0.5 

Feb’23  

Maximum 
70.9 21.5 17.9 16.8 0.5 

Minimum 
65.0 15.1 15 14 0.41 

Average 
67.6 17.8 16.3 15.4 0.5 

   Maximum 
77.6 30.1 16.5 28.3 0.68 

  March’23 Minimum 
53.5 19.1 10.7 21.5 0.39 

   Average 
65.4 25.5 13.0 24.8 0.5 

    3. Near Dispensary  

Oct’22 

Maximum 
49.8 16.8 15.5 17.7 0.6 

Minimum 
42.3 13.5 12.2 14.1 0.48 

Average 
46.8 15.3 13.9 16.0 0.5 

Nov’22 

Maximum 
42.6 17.8 14.9 17.9 0.5 

Minimum 
36.3 13.2 12.2 14.1 0.41 

Average 
39.7 15.2 13.5 15.9 0.5 

Dec’22 

Maximum 
48.9 18 15 15.9 0.49 

Minimum 
41.1 14.4 12.3 12.1 0.41 

Average 
45.5 16.2 13.6 14.0 0.5 

Jan’23 

Maximum 
60.9 18.7 17.9 16 0.49 

Minimum 
53.1 12.1 15 13 0.41 

Average 
56.8 15.1 16.4 14.4 0.5 

 
 
 
 

  Maximum 
70.6 21.8 17.7 16.9 0.5 
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Feb’23 Minimum 

65 15.1 15 14.1 0.41 

   Average 
68.0 18.1 16.4 15.4 0.5 

   Maximum 
72.9 30.5 19 26.5 0.61 

  March’23 Minimum 
48.5 22 11 19.2 0.3 

   Average 
60.0 25.0 14.1 21.6 0.5 

 

 
 

CPCB Standard  
24 Hrly 

 
100 

 
60 

 
80 

 
80 

4 
(1Hrly) 

 
Sl.  

No 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

  

  

 

 

 

 
 

4. 

 

 

 

 

 

 

 Near Katesahi 
Exit Gate 

 

Oct’22 

Maximum 
49.9 16.4 14.8 17.9 0.6 

Minimum 
42.2 13.1 12.1 14.3 0.48 

Average 
45.6 14.7 13.4 15.9 0.5 

Nov’22 

Maximum 
43.7 16.9 15.4 17.7 0.5 

Minimum 
36.7 13.4 12.3 14.1 0.41 

Average 
39.3 15.3 13.6 16.0 0.5 

Dec’22 

Maximum 
48.2 17.8 14.9 15.5 0.49 

Minimum 
41.2 14.1 12.2 12.2 0.41 

Average 
44.7 15.8 13.4 13.5 0.5 

Jan’23 

Maximum 
60.6 18.4 17.9 16 0.5 

Minimum 
53.9 12.2 15 13.1 0.41 

Average 
56.9 15.2 16.5 15.0 0.5 

Feb’23  

Maximum 
70.3 21.7 17.9 16.8 0.5 

Minimum 
65.5 15.1 15 14 0.41 

Average 
67.6 17.9 16.4 15.6 0.5 

   Maximum 
85.1 40.7 20.9 40.3 0.71 

  March’23 Minimum 
61.6 25.8 12.9 21.3 0.28 

   Average 
76.1 32.8 17.7 33.8 0.4 
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CPCB Standard  
24 Hrly 

 
100 

 
60 

 
80 

 
80 

4 
(1Hrly) 

 
 
 

2. Ambient Air Quality Buffer Area 
 

Sl.  

No 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

1. 

 

 

 

 

 

 

Panduliposhi 
Village 

 

Oct’22 

 

Maximum 
56.2 18.7 13.6 18.9 0.61 

Minimum 
51.4 14.1 12.5 15.5 0.49 

Average 
53.6 16.7 13.0 16.8 0.6 

Nov’22 

 

Maximum 
46.2 17.4 13.2 18.6 0.59 

Minimum 
42.6 14.4 12.1 15.9 0.53 

Average 
44.4 15.6 12.7 17.3 0.6 

Dec’22 

 

Maximum 
56.9 18.3 16.9 16.8 0.6 

Minimum 
51.8 16.1 14.5 13.4 0.5 

Average 
54.5 17.5 15.5 15.3 0.6 

Jan’23 

 

Maximum 
62.5 20.7 16.7 18.7 0.61 

Minimum 
57.5 17.6 15.4 15 0.49 

Average 
60.3 19.3 16.0 17.0 0.5 

Feb’23  

Maximum 
70.6 21.5 16.9 18 0.6 

Minimum 
65.9 17.6 15.1 15 0.5 

Average 
68.0 19.3 16.1 16.5 0.6 

   Maximum 
98.9 53.5 22.11 35 0.64 

  March’23 Minimum 
85.8 36.6 18.5 28.7 0.52 

   Average 
92.2 43.6 20.4 33.0 0.6 

 
 

CPCB Standard 
 

24 Hrly 

 

100 

 

60 

 

80 

 

80 

4 

(1Hrly) 
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Sl.  

No 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

2. 

 

 

 

 

 

 

Katesahi Village 

 

Oct’22 

 

Maximum 
56.7 17.9 13.9 19.4 0.61 

Minimum 
51.3 15.2 12.1 15.2 0.48 

Average 
53.9 16.7 12.9 17.3 0.5 

Nov’22 

 

Maximum 
47.5 17.9 13.7 18.7 0.59 

Minimum 
43.9 14.6 12.3 15.1 0.5 

Average 
45.4 15.8 13.0 17.2 0.5 

Dec’22 

 

Maximum 
56.9 18.4 16.8 16.2 0.59 

Minimum 
51.4 16.3 14.1 13.2 0.49 

Average 
53.8 17.3 15.9 14.8 0.5 

Jan’23 

 

Maximum 
59.4 18.9 16.1 17.5 0.5 

Minimum 
59.4 18.9 16.1 17.5 0.5 

Average 
59.4 18.9 16.1 17.5 0.5 

Feb’23  

Maximum 
70.3 20.9 167 18.9 0.65 

Minimum 
65.8 17.3 15.1 16.4 0.5 

Average 
68.1 18.8 34.8 17.6 0.6 

   Maximum 
89 54.6 25.2 45 0.61 

  March’23 Minimum 
76.5 44.5 23.1 38.7 0.54 

   Average 
82.8 50.3 24.1 43.0 0.6 

 
 

CPCB Standard 
 

24 Hrly 

 

100 

 

60 

 

80 

 

80 

4 

(1Hrly) 
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Sl.  

No 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

3. 

 

 

 

 

 

 

Barpada Village 

 

Oct’22 

 

Maximum 
56.9 16.8 14.2 17.7 0.61 

Minimum 
51.8 14.4 12.1 15.3 0.49 

Average 
54.9 15.7 13.2 17.0 0.6 

Nov’22 

 

Maximum 
48.3 17.5 13.9 18.4 0.57 

Minimum 
44.1 14.6 12.2 15.4 0.48 

Average 
45.6 15.8 12.9 16.1 0.5 

Dec’22 

 

Maximum 
57.0 18.8 16.3 16.3 0.59 

Minimum 
52.8 16.1 14.4 13.3 0.5 

Average 
54.6 18.0 15.3 15.0 0.6 

Jan’23 

 

Maximum 
62.7 20.7 16.7 19 0.61 

Minimum 
57.1 18.1 15.5 15.3 0.49 

Average 
60.6 19.5 15.9 17.4 0.6 

Feb’23 

Maximum 
70.7 20.9 16.7 18.9 0.6 

Minimum 
65.0 18.4 15 16.1 0.52 

Average 
67.9 19.4 15.9 17.6 0.6 

   Maximum 
96 60.6 28.2 48.5 0.6 

  March’23 Minimum 
81.5 48.5 26.1 40.8 0.47 

   Average 
86.6 53.4 27.1 44.8 0.5 

 
 

CPCB Standard 
 

24 Hrly 

 

100 

 

60 

 

80 

 

80 

4 

(1Hrly) 
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Sl.  

No 

Location Month Concentration PM10  

µg/m3 

PM2.5  

µg/m3 

SO2  

µg/m3 

NO2  

µg/m3 

CO  

mg/m3 

4. 

 

 

 

 

 

 

Rengelabeda 
Village 

 

Oct’22 

 

Maximum 
55.1 16.9 13.9 18.9 0.61 

Minimum 
51.1 14.1 12.5 16.2 0.51 

Average 
53.7 15.2 13.3 18.0 0.6 

Nov’22 

 

Maximum 
47.5 17.8 13.5 18.5 0.59 

Minimum 
41.8 14.1 12.1 15.4 0.48 

Average 
44.7 16.2 12.8 16.6 0.5 

Dec’22 

 

Maximum 
56.8 18.4 16.7 15.6 0.6 

Minimum 
51.4 16.1 14 13.3 0.48 

Average 
53.5 17.2 15.7 14.5 0.5 

Jan’23 

 

Maximum 
61.6 20.3 16.7 18.7 0.6 

Minimum 
57.2 17 15 15.3 0.49 

Average 
59.1 18.6 15.8 17.3 0.6 

Feb’23   

Maximum 
70.1 20.5 16.7 18.4 0.6 

Minimum 
65.6 17.4 15.1 15.3 0.51 

Average 
68.1 18.9 16.0 16.9 0.6 

   Maximum 
87.5 53.5 24.5 43.5 0.61 

  March’23 Minimum 
76.5 44.5 20 32 0.53 

   Average 
81.2 49.7 23.0 39.0 0.6 

 
 

CPCB Standard 
 

24 Hrly 

 

100 

 

60 

 

80 

 

80 

4 

(1Hrly) 
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3. Fugitive Emission Monitoring (µg/m3) 

 
Sl. 
No
. 

 

Month Crusher Plant Mines Haulage Road Screen Plant 

 

 

1. 

 
 
 

Oct’22 
 
 

      Max      Min      Max       Min       Max       Min 

          543.1           450.6           539.6           457.8        545.4         452.1 

 

2. 

 
Nov’22 

 
 549.2 451.4 548.5 460.3 548.2 453.1 

 

3. 

 
Dec’22 

 
 628.1 530.5 629.3 531.1 628 537.6 

 

4. 

 
Jan’23 

 
 678.3 582.3 679.9 580.5 679.4 581.4 

 

5. 

 
Feb’23   

 797.6 625.1 789.1 609.5 782.9 617.7 

6 
March’23 

912.3 

 

658.3 

 

912.3 

 

658.3 

 

912.3 

 

658.3 

 

Six Month 

Average 
684.8 549.7 683.1 549.6 682.7 682.7 

 
Sl. 
No
. 

 

Month Mines face Bench Ore storage & Loading Point Waste Dump 

 

 

1. 

 
 
 

Oct’22 
 
 

      Max      Min      Max       Min       Max       Min 

           548.9          451.9           548.9           454.8           545.6           452.1 

 

2. 

 
Nov’22 

 
 538.6 456.5 545.9 453.1 542.7 464.3 

3. Dec’23 
 627.8 537.9 628.0 538.0 627.5 535.2 
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4. 

 
Jan’23 

 
 674.7 583 677.8 584.9 677.3 589.9 

 

5. 

 
Feb’23  

 784.8 614.8 784.7 618.3 790.6 617 

6 March’23 912.3 

 

658.3 

 

912.3 

 

658.3 

 

912.3 

 

658.3 

 

Six Month 

Average 
681.2 550.4 682.9 551.2 682.7 552.8 

4. ILLUMINATION MONITORING (Lux) 
 

  October 22 November 22 December 22 

LOCATION Horizontal Vertical Horizontal Vertical Horizontal Vertical 

Workshop Area 180 70 115 58 120 62 

Screen Plant 86 42 31 42 34 62 

Haul Road 53 49 75 80 32 75 

Loading Point 102 65 100 45 49 62 

Crusher Plant 87 49 90 62 46 60 

Parking Yard 60 46 42 53 69 23 

Permanent Path 33 51 27 28 21 57 

Electric Substation 134 75 70 77 112 77 

Rest Shelter 79 50 82 47 46 56 

Mines Bench Foot Path 124 98 15 41 54 46 

  Jan 23 Feb 23 March23 

LOCATION Horizontal Vertical Horizontal Vertical Horizontal Vertical 

Workshop Area 138.3 57.3 113.3 53.3 132 67.7 

Screen Plant 58.2 17.1 62.2 38.1 53 49 

Haul Road 58.9 46.7 47.9 55.7 102 65 

Loading Point 73.2 54.5 130.2 74.5 87 49 

Crusher Plant 62.5 39.3 117.5 158.3 60 46 

Parking Yard 57.1 13.8 61.1 49.8 33 51 

Permanent Path 40.8 32.7 24.8 22.7 46 60 

Electric Substation 140.2 62.2 120.2 83.2 69 23 

Rest Shelter 42.2 39.2 145.2 63.2 21 57 

Mines Bench Foot Path 31.3 19.2 40.3 55.2 52 77 
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5. Noise Level {dB(A)} 

A. Ambient Noise Monitoring 

 
Location 

October-22 November-22 December-22 Standards 

  Leq Day Leq Night Leq Day Leq Night Leq Day Leq Night Leq Day Leq Night 

EAST BOUNDARY 69.6 66.5 71.2 61.3 70.3 58.5 75 dB(A) 70 dB(A) 

WEST BOUNDARY 72.4 67.6 74.6 65.2 72.8 62.1 75 dB(A) 70 dB(A) 

NORTH BOUNDARY 68.1 64.4 67.9 60.6 68.1 56.3 75 dB(A) 70 dB(A) 

SOUTH BOUNDARY 70.7 69.6 72.3 65.8 70.6 60.3 75 dB(A) 70 dB(A) 

 
Location 

January-23 February-23 March 23 Standards 

  Leq Day Leq Night Leq Day Leq Night Leq Day Leq Night Leq Day Leq Night 

EAST BOUNDARY 71.5 63.4 72.5 64.4 69.8 65.4 75 dB(A) 70 dB(A) 

WEST BOUNDARY 71.7 65.9 72.7 66.9 71.1 62.6 75 dB(A) 70 dB(A) 

NORTH BOUNDARY 69.4 58.6 68.4 59.6 64.2 55.4 75 dB(A) 70 dB(A) 

SOUTH BOUNDARY 68.8 61.2 67.8 62.2 69.4 63.1 75 dB(A) 70 dB(A) 

B. Source Noise Monitoring  
CORE ZONE October-22 November-22 

  Week-1 Week-2 Week-3 Week-4 Week-1 Week-2 Week-3 Week-4 

  Leq Leq 

Magazine Area 70.9 72.2 68.6 70.5 72.2 72.3 69.2 68.9 

Drilling Machine 72.5 72.3 68.5 70.9 68.3 71.7 71.2 71.9 

Mines Face/Bench 72.4 69.4 70.3 72.1 72.7 70.9 68.9 69 

Haulage Road 71.5 71.1 68.3 69.3 71.1 69.5 72.9 69.6 

Workshop Area 72.4 71.7 68.6 69.6 70.4 69.4 69.4 69.3 

Ore Crusher Plant 71.4 69.9 72.3 72.6 71.3 68.1 70.6 69.6 

Mobile Screen Plant 69.4 72.5 68.3 71.7 69.9 71.5 71.5 72.5 

Ore Storage And Loading 
Point 

70.3 68.5 70.5 69.9 71.5 71.8 71.3 71.7 

Waste Dump 70.6 72.7 69.6 68.2 70.7 68.6 71.4 72.1 

Excavator 71.7 70.5 69.1 73.1 70 72.7 72.6 69.2 

Dozer 70.8 73.6 70.2 71.7 68.7 71.8 69.2 71.6 

Dumper 72.7 68.1 68.6 68.3 71.6 72.8 69.2 70.4 

Loader 68.1 71.8 72.3 68.8 69.8 71.8 68.8 70.3 

DG Set 70.5 72.3 69.5 69.2 71.2 69.7 69.5 69.7 

Mine Office 69.1 70.4 70.5 68.4 69.3 70.1 68.1 71.5 
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CORE ZONE December-22 January-23 

  Week-1 Week-2 Week-3 Week-4 Week-1 Week-2 Week-3 Week-4 

  Leq Leq 

Magazine Area 72.5 69.8 72.3 70.2 71.5 70.5 71.3 71.4 

Drilling Machine 69.7 70.6 70.7 71.1 70.1 71.9 72.4 70.6 

Mines Face/Bench 69.2 71.9 71.8 68.3 69.6 70.4 70.7 69.8 

Haulage Road 69.5 70.7 71.7 70.6 68.4 71.2 70.6 71.7 

Workshop Area 70.3 71.1 72.6 72.5 71.2 70.3 71.1 70.1 

Ore Crusher Plant 70.4 70.9 68.9 72.6 70.5 73.7 72.2 72.2 

Mobile Screen Plant 68.9 71.4 72.1 71.3 69.7 72.5 71.5 72.6 

Ore Storage And Loading 
Point 

71 69.7 68.3 72.5 70.1 73.6 69.8 71.9 

Waste Dump 71.1 68.8 71.4 70.9 69.8 69.8 68.6 69.8 

Excavator 70.1 69 69.4 71.4 71.3 68.3 68.4 68.1 

Dozer 70.7 69.5 72.5 68.5 71.5 68 71.5 69.5 

Dumper 69.7 70.5 69.7 69.5 70.1 71.4 70.6 70.4 

Loader 70.8 72.1 72.1 72.4 71.6 72.7 71.1 70.2 

DG Set 72.2 70.3 68.7 70.5 73.5 73.5 72.7 72.6 

Mine Office 68.8 71.7 68.6 68.2 69.7 72.2 69.2 69.4 

CORE ZONE February-23 March 23 

  Week-1 Week-2 Week-3 Week-4 Week-1 Week-2 Week-3 Week-4 

  Leq Leq 

Magazine Area 70.5 72.5 70.3 72.4 69.8 72.3 68.9 72.2 

Drilling Machine 71.1 73.9 71.4 71.6 70.6 71.7 71.9 68.3 

Mines Face/Bench 68.6 72.4 71.7 68.8 71.9 70.9 69 72.7 

Haulage Road 69.4 71.2 72.6 70.7 70.7 69.5 69.6 71.1 

Workshop Area 70.2 72.3 70.1 71.1 71.1 69.4 69.3 70.4 

Ore Crusher Plant 71.5 71.7 71.2 71.2 70.9 68.1 69.6 71.3 

Mobile Screen Plant 68.7 72.5 70.5 73.6 71.4 71.5 72.5 69.9 

Ore Storage And Loading 
Point 

71.1 73.6 70.8 70.9 69.7 71.8 71.7 71.5 

Waste Dump 68.8 69.8 69.6 68.8 71.4 68.6 72.1 70.7 

Excavator 70.3 68.3 69.4 69.1 69.4 72.7 69.2 70 

Dozer 69.5 70 70.5 70.5 72.5 71.8 71.6 68.7 

Dumper 71.1 71.4 71.6 71.4 69.7 72.8 70.4 71.6 

Loader 70.6 72.7 72.1 72.2 72.1 71.8 70.3 69.8 

DG Set 72.5 71.5 71.7 73.6 68.7 69.7 69.7 71.2 

Mine Office 68.7 72.2 70.2 68.4 68.6 70.1 71.5 69.3 
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6. Surface Water Quality 
NUAGAON IRON ORE MINE 

Topadihi Nala Upstream 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March-
23 

Limits for 
Stream 
Water 
Standards 

PH - 6.5 6.45 6.56 6.23 6.31 6.52 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
148 155 138 162 164 152 

1500 

Chlorides mg/l 22 24 22 20 20 21 600 

Iron mg/l 0.12 0.1 0.1 0.12 0.12 0.1 50 

Fluorides mg/l 0.15 0.19 0.15 0.15 0.13 0.18 1.5 

BOD mg/l 2.2 2.9 2.2 2.3 2.6 2.1 3 

DO mg/l 5.5 5.9 5.5 6.2 6 6.2 4 

Topadihi Nala Downstream 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March-
23 

Limits for 
Stream 
Water 
Standards 

PH - 7.25 7.01 7.09 7.13 7.26 7.02 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
168 191 168 210 218 170 

1500 

Chlorides mg/l 28 28 34 24 22 24 600 

Iron mg/l 0.13 0.16 0.13 0.13 0.17 0.12 50 

Fluorides mg/l 0.25 0.12 0.25 0.16 0.16 0.20 1.5 

BOD mg/l 14 4.5 10 4.9 5.2 2.5 3 

DO mg/l 5 5.2 5 5.4 5.6 5.2 4 

Karo Nala Upstream 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 7 7.09 7.11 7.19 7.28 7.12 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
126 146 106 132 138 142 

1500 

Chlorides mg/l 14 10 14 14 12 13 600 

Iron mg/l 0.14 0.11 0.14 0.14 0.17 0.15 50 

Fluorides mg/l 0.22 0.29 0.22 0.33 0.35 0.23 1.5 

BOD mg/l 2.5 2 2.5 2.5 2.4 2.6 3 

DO mg/l 6 6.3 6 6 6.2 6.1 4 
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Karo Nala Downstream 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 7.2 7.29 7.34 7.43 7.34 7.24 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
162 187 162 209 214 218 

1500 

Chlorides mg/l 16 18 16 24 28 22 600 

Iron mg/l 0.17 0.19 0.17 0.14 0.18 0.20 50 

Fluorides mg/l 0.21 0.31 0.21 0.37 0.37 0.28 1.5 

BOD mg/l 6.8 4 6.8 4.9 5.6 3.2 3 

DO mg/l 6.4 6 6.4 5.8 5.2 5.8 4 

Teherai Nala 
Upstream 

 
      

 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 6.85 6.77 6.91 6.37 6.43 6.78 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
108 127 118 144 152 156 

1500 

Chlorides mg/l 26 20 26 24 26 24 600 

Iron mg/l 0.18 0.12 0.18 0.11 0.12 0.14 50 

Fluorides mg/l 0.21 0.23 0.21 0.2 0.22 0.24 1.5 

BOD mg/l 4.8 5 4.9 3.5 3.2 3.1 3 

DO mg/l 5.4 5.7 5.2 5.7 5.8 5.9 4 

Teherai Nala 
Downstream 

 
      

 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 7.4 6.83 7.33 6.67 6.49 6.45 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
140 138 143 145 158 165 

1500 

Chlorides mg/l 52 34 34 30 28 24 600 

Iron mg/l 0.23 0.16 0.23 0.14 0.19 0.18 50 

Fluorides mg/l 0.3 0.31 0.3 0.25 0.24 0.20 1.5 

BOD mg/l 14 7 12 5.6 6 3.4 3 

DO mg/l 5.2 5.4 5 5.6 5.2 6.2 4 
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Kakarpani Nala Upstream  

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 6.8 6.41 6.87 6.46 6.41 6.7 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
108 137 128 154 158 154 

1500 

Chlorides mg/l 20 16 24 22 22 15 600 

Iron mg/l 0.11 0.25 0.11 0.22 0.24 0.14 50 

Fluorides mg/l 0.24 0.23 0.24 0.24 0.25 0.24 1.5 

BOD mg/l 7.8 2 7.2 2.6 2.6 3.1 3 

DO mg/l 5.4 6.2 5.9 6 6.2 5.8 4 

Kakarpani Nala 
Downstream  

 
      

 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 7.1 7.1 7.16 7.44 7.38 7.32 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
152 187 159 197 192 165 

1500 

Chlorides mg/l 22 28 22 26 22 21 600 

Iron mg/l 0.1 0.23 0.1 0.2 0.23 0.12 50 

Fluorides mg/l 0.21 0.21 0.21 0.24 0.26 0.26 1.5 

BOD mg/l 10 8 9 6.5 6.8 2.6 3 

DO mg/l 5.1 5.8 5.1 5.5 5.3 5.8 4 

Sona River 
Upstream 

 
      

 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 6.87 6.93 6.77 6.76 6.72 6.43 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
122 157 133 166 162 146 

1500 

Chlorides mg/l 18 24 18 20 22 23 600 

Iron mg/l 0.19 0.14 0.19 0.17 0.15 0.17 50 

Fluorides mg/l 0.12 0.4 0.12 0.38 0.36 0.12 1.5 

BOD mg/l 5 5.5 4 5.3 4.8 3.8 3 

DO mg/l 6.1 6.1 6.8 6 6 5.9 4 
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Sona River 
Downstream 

 
      

 

Parameter Units October-22 November-
22 

December-
22 

January-
23 

February-
23 

March - 
23 

Limits for 
Stream 
Water 
Standards 

PH - 7.28 7.17 7.23 7.21 7.26 7.23 6.5-8.5 

Total Dissolved 
Solids 

mg/l 
144 203 156 233 240 232 

1500 

Chlorides mg/l 26 28 28 24 22 24 600 

Iron mg/l 0.18 0.19 0.18 0.15 0.18 0.14 50 

Fluorides mg/l 0.22 0.41 0.22 0.36 0.36 0.26 1.5 

BOD mg/l 12 7 7 7.5 7.8 4 3 

DO mg/l 6 5.6 5.8 5.3 5 6.9 4 

7. Surface Water Flow Rate 

LOCATION NAME 
October-22 November-

22 
December-

22 
January-

23 
February-

23 
March - 23 

Karo Nala 0.69 0.44 0.51 0.41 0.61 0.64 

Teherai Nala 0.42 0.42 0.51 0.54 0.54 0.57 

Kakarpani Nala 0.54 0.49 0.58 0.82 0.67 0.75 

Suna Nala 0.75 0.55 0.58 0.61 0.79 0.64 

Topadihi Nala 0.58 0.4 0.42 0.58 0.43 0.48 

8. Ground Water Quality 

 Location 
Rengelabeda 

Village 
Nuangaon 

Village 
Barpada 
Village 

Katesahi 
Village 

Malda 
Village 

Guali Village 
Panduliposhi 
Village 

Parameter Units November-22 

pH - 7.25 6.9 6.72 7.15 6.89 6.73 6.96  
 
 
 
 
 
 
 
 
 

Total Dissolved 
Solids as TDS  mg/l 

151 130 113 160 112 132 119 

Total Hardness 
as CaCO3  mg/l 

60 40 52 64 48 52 56 

Sulfate as SO4  mg/l 19.2 8.2 12.1 15.3 13.2 8.97 19.3 

Chloride as Cl  mg/l 14 8 14 18 14 12 18 

Fluorides as F   mg/l 0.2 0.13 0.19 0.33 0.23 0.11 0.17 

Iron as Fe mg/l 0.11 0.09 BDL 0.12 0.2 0.07 0.09 

 

9. Drinking Water Quality 

Parameter Units 
October 

22 
November 

22 
December 

22 
January 

23 

February 
23 March - 23 

Acceptable 
Limits 

Permissible 
Limits 
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pH 
- 

6.89 6.93 6.85 7.15 7.18 6.8 
6.5-8.5 

No 
Relaxation 

Total 
Dissolved 
Solids as TDS  mg/l 

156 161 165 177 172 192 
200 600 

Total 
Hardness as 
CaCO3  mg/l 

64 56 68 56 54 48 
1 

No 
Relaxation 

Sulfate as 
SO4  mg/l 

17.3 14.5 12.5 18.9 18.5 16.7 
250 1000 

Chloride as 
Cl  mg/l 

14 10 14 14 12 14 
500 2000 

Fluorides as 
F   mg/l 

0.29 0.34 0.3 0.3 0.3 0.32 
200 400 

Iron as Fe mg/l 0.11 0.16 0.17 0.13 0.11 0.15 1 1.5 

10. ETP  

Parameter Units 
October 

22 
November-

22 
December-

22 
January-23 

 
February-

23 
 

March - 23 
Acceptable 

Limits 

ETP Inlet 

pH - 6.25 6.56 6.64 6.67 6.58 6.4 6.5-9.0 
Total Suspended 
Solid as TSS mg/l 49 56.3 65 52.8 58.6 57.8 100.0 
Total Dissolved 
Solids as TDS  mg/l 377 389 423 413 424 372 - 
Biochemical 
Oxygen Demand  
as BOD 3days at 
270C mg/l 

32 33 35 34 36 34 

30.0 
Chemical 
Oxygen Demand 
as COD mg/l 

272 278 284 286 292 275 
250.0 

Oil & Grease as 
O & G  mg/l 7.11 7.8 7.23 7.3 7.2 7.2 10.0 

Parameter Units 
October 

22 
November-

22 
December-

22 
January-23 

 
February-

23 
 

March - 23 
Acceptable 

Limits 

ETP Outlet 

pH - 6.88 6.8 6.67 6.74 6.81 6.72 6.5-9.0 
Total Suspended 
Solid as TSS mg/l 28.3 20.1 28.9 17.8 18 20.2 100.0 
Total Dissolved 
Solids as TDS  mg/l 526 502 521 534 540 554 - 
Biochemical 
Oxygen Demand  
as BOD 3days at 
270C mg/l 

18 15 17 17 14.8 16.6 

30.0 
Chemical 
Oxygen Demand 
as COD mg/l 

120 104 120 118 116 114 
250.0 

Oil & Grease as 
O & G  mg/l BDL BDL BDL BDL BDL BDL 10.0 
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11. Vibration Monitoring 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

Sl 
no. 

Station 
Name 

Instrument 
location 

Season 
(Summer/Winter/Monsoon/pos

t monsoon 

Peak 
particle 
velocity 

Air Over pressure Frequency Remark 

1 

Sonu 
kocha  
bench-

6  

Chenagoda 
road 

Autumn 
1.61m

m/s 
118.3Dbl 

@6.5Hz/.0005KPa 
13.1Hz 

Permisi
ble 

Limit 

2 
Bench-
7(sonu
kochi) 

Kanhusahi 
quarry 

Autumn 

 
 
1.4 
mm/s 

 
 
108.0dbll@14.2Hz/.005
KPa 

5.5Hz Permisi
ble 

Limit 

3 

MDH 
Quarry 
bench-

2 

MDH 
Quarry FB 

Road 
winter 

 
 
3.19 
mm/s 

117.5dbl@36.5Hz/.015k
pa 

4.2Hz Permisi
ble 

Limit 

4 

Chena
goda 

bench-
6 

Near time 
office 

 
 

winter 

 
18.7 
mm/s 

 
128.2dbl@8.6Hz/.0512k
pa 

6.9Hz Permisi
ble 

Limit 

5 
Chena
goda  

Time office 
canteen  

 
 
 

winter 

3.19 
mm/s 

117.5dbl@36.5Hz/015k
pa 

4.2Hz 

Permisi
ble 

Limit 
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12. Soil Monitoring 

Sl. 
No. Parameters Unit Malda 

Village 
Katesahi 
Village 

Barpada 
Village 

Pamduliposhi 
Village 

Rengalbed 
Village 

Loidapada 
Village D Top Mine 

Office 

1.          pH  - 5.2 5.79 5.98 5.16 5.81 6.15 8.09 7.38 

2.          
Electrical 
Conductivity  µmhos/cm 51 74 82 94 79 99 114 62 

3.          
Total Soluble 
Solid  

mg/kg 98 165 172 147 165 156 145 121 

4.          Nitrogen (N) mg/kg 255 120.5 291 143 142 234 207.2 165 

5.          
Av. 
Phosphorous 
( P2O5 ) 

kg/ha 32 19.8 39.9 23.5 38 36.3 22.9 25.1 

6.          
Av. 
Potassium 
(K2O) 

mg/kg 136 182 118 166 233 145 168 169 

7.          
Av. Sodium 
(Na2O) 

mg/kg 201 122 209 123 174 98 92.7 101 

8.          Av. Calcium 
as Ca 

mg/kg 1040 404 1402 704 914 628 568 748 

9.          
Av 
.Magnesium 
as Mg 

mg/kg 344 204 280 304 288 216 240 188 

10.       
Chloride  
(Cl) 

mg/kg 32 34 44 50 48 28 38 36 

11.       Copper (Cu) mg/kg 0.59 1.16 0.21 0.21 0.87 2.3 0.12 0.26 

12.       Zinc (Zn) mg/kg 0.22 0.19 0.02 0.21 0.27 0.51 0.17 0.44 

13.       Iron (Fe) mg/kg 19.49 30.08 4.27 8.9 29.33 29.33 6.35 7.49 

14.       Manganese 
(Mn) 

mg/kg 50.12 111.57 2.33 14 44.38 34.2 0.74 3.12 

15.       Organic 
Carbon 

% 0.33 0.21 0.26 0.27 0.36 0.18 0.23 0.23 

16.       
Sodium 
Absorption 
ratio (SAR) 

- 0.5 0.45 0.48 0.35 0.47 0.31 0.3 0.31 

a 
Textural 
Class - 

Sandy 
Loam 

Clay 
Loam 

Sandy 
Loam Sandy Loam 

Sandy 
Loam Sandy Loam 

Sandy 
Loam 

Sandy 
Loam 

b Sand  % 62 60 64 58 54 56 52 60 

c Silt  % 30 30 20 24 31 24 28 26 

d Clay % 8 10 16 18 15 20 20 14 

 
 

 
 



 

Road sweeping machine Fixed water sprinkler 

50 KL water tanker 

Wheel washing 

16 KL water tanker 

Parking Plaza 



12.1 

 

Chapter 12 
 

 

Recommendations for  
Sustainable Mining 

 

 
 
The Central Government, in the Ministry of Mines, vide Notification No.S.O.2817 

(E) dated 22nd November, 2010 had appointed a Commission of Inquiry consisting 
Justice M.B. Shah, retired Judge of the Supreme Court of India, for the purpose of 
making an inquiry into mining of iron ore and manganese ore in contravention of the 
provision of various Statues and the rules and regulations issued there under, in various 
States including the State of Odisha. 

 
In view of Justice Shah Commission report (2013), the Ministry of Environment,  

Forest and Climate Change (MoEF&CC) desired to conduct a Carrying Capacity Study 
with an objective to develop (i) a sustainable development plan for mining activities in 
the impact area of about 1000 sq.km. in the State of Odisha and (ii) an environmental 
management plan for current as well as future developmental scenario.  

  
Keeping in view the study objectives, CSIR-NEERI conducted the study 

encomassing collection of primary data for various environmental components (viz. air, 
noise, water, soil/ land, biological and socio-economic aspects), collection and analysis 
of environmental quality data by different mines in the region, modelling for transport 
scenario and infrastructure need assessment, and meetings/workshops with different 
stakeholders (like Department of Steel & Mines, Directorate of Mines, IBM-HQ & 
Regional Office, SPCB, GSI, MoEF&CC, State Forest Dept. etc. as well as senior 
executives from respective mines).  

 
Based on the study conducted by CSIR-NEERI and analysis of inputs received 

from various Govt. departments and mine lease holders, the following recommendations 
are made:  

 
Overall responsibility for implementation of all the recommendations shall be of 

State Government of Odisha through Department of Steel & Mines and other concerned 
State Govt. departments, viz. State Pollution Control Board, State Forest Department, 
District Administration etc. along with individual mine lease holders. Department of Steel 
& Mines shall be the nodal agency to coordinate with other concerned departments.  
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Financial arrangement: In the overall interest of the people of the region, the 
expenditure towards the implementation of various recommendations (common 
infrastructure and road/rail network development should be borne from District Mineral 
Funds being collected from different mines in the region by the Dept. of Steel & Mines, 
Govt. of Odisha, whereas expenditure towards recommendations applicable to individual 
mines shall be borne by individual mine lease holders. 

 
The expenditure towards various regional development schemes by District 

Mineral Foundations (DMFs) should be in accordance with the Pradhan Mantri Khanij 
Kshetra Kalyan Yojna (PMKKKY), notified by Ministry of Mines, Govt. of India, vide letter 
no. 16/7/2017-M.VI (Part), dated September 16, 2015. Further, any other statute notified 
by Central/State Govt. in this regard shall also be followed.   

 

12.1 Environmental Carrying Capacity Indicator (EC Capacity V/s Actual 
Production) 

 Availability of total reserves, annual production and estimation of additional 
resources in the working mines in the study region for last 10 years (during 
2006-07 to 2015-16) indicated that during the last 10 years period, total 715.5 
MT of iron ore were produced, whereas 1037.1 MT new resources were 
identified. Thus adding a total of 321.6 MT in the resources, and more 
resources can be estimated with additional exploration. Annual iron ore 
production has been in the range of 53.3 MT in 2014-15 to 81.582 MT in 
2015-16, whereas, earlier maximum production of 80 MT was observed 
during 2009-10. 

At present, total EC capacity of working 57 mines is 160.310 MTPA, whereas 
the actual production was 51.124 MT (32%) during 2014-15 and 81.582 MT 
(50.9%) during 2015-16.  

Further, total production during 2016-17 was 102.663 MT (64.0%), whereas 
total permitted dispatch was 120.116 MT (74.9%).    

Looking into the mining practices in Odisha region, it is found that 
Environmental Carrying Capacity can be better co-related with actual 
production rate rather than EC Capacity.   

Therefore, State Govt. should prepare 5 years regional plan for annual iron 
ore requirement from the state, which in turn shall be met from different 
mines/zones (e.g. Joda, Koira..) in the state. Accordingly, sustainable annual 
production (SAP) for each zone/mine may be followed adopting necessary 
environmental protection measures (as suggested in Sub-Sections 12.4, 
12.5 & 12.6). It will not have any bearing on the grant of EC. 

 

Responsibility: Department of Steel & Mines, Govt. of Odisha 
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12.2 Applicability of Environmental Carrying Capacity  

12.2.1 Manganese Ore Mines 

Out of total 57 working iron ore and manganese mines, total EC capacity of 
Mn ore mines (13 exclusive Mn mines and 7 associated with iron ore) is only 
1.604 million tons, whereas total production during 2014-15 and 2015-16 was 
only 0.357 million tons (22.2%) in each year. Therefore, further expansion or 
opening of new manganese ore mines may be considered only when the 
actual production of about 80% is achieved.  

Further, the mines that have not produced Mn ore for last two years, and have 
no commitment in the current year as well; EC capacity in such cases may be 
reviewed. The Department of Steel & Mines, Govt. of Odisha shall submit the 
Annual Report on this issue to the MoEF&CC for further necessary action.  

12.2.2 Iron Ore Mines 

In view of very limited Mn ore mining activity in the study region, 
environmental carrying capacity shall mainly be applicable for iron ore mining 
activities in the study region of Joda, Koira and Baripada blocks. Daitari block 
of Jajpur district is included for the completeness of iron ore mining in the 
Odisha state. 

12.2.2.1 Daitari, Jajpur District 

Out of 57 working mines, the only mine at Daitari, Jajpur district (OMC Mine – 
3 MTPA) is far away from Joda-Koira area (more than 150 km), hence is 
being excluded from the present analysis.  

Further, expansion of this mine, and new mines in Jajpur district can be 
considered with proper EIA study (as per the provisions of the EIA Notification 
2006, as amended from time to time) of individual mine, upto total 11 MT by 
2021.  

Regional carrying capacity study may be required, if more number of mines 
are likely to come up in the Daitari region/Jajpur district.   

12.2.2.2 Baripada/Rairangpur, Mayurbhanj District 

Out of the 3 working mines at Rairangpur/ Baripada Sector; two mines, GS 
Mishra & Sons, Gorumahisani and Lal Traders Agencies, Badampahar have 
EC capacity of 0.75 MTPA and 0.72 MTPA and use public railway sidings 
located in the close proximity of the mine for ore transport. Third mine of S.A. 
Karim is very small (1.157 ha), and is producing only about 10,000 tons of iron 
ore per year (EC capacity - 18000 TPA).  

Therefore, these 3 mines in Mayurbhanj district are excluded, and further 
expansion of these mines and new mines in Mayurbhanj district can be 
considered with proper EIA study (as per the provisions of the EIA Notification 
2006, as amended from time to time), upto 10 MT by 2021. 
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12.2.2.3 Joda Sector (Keonjhar District) and Koira Sector (Sundargarh District)  

In view of limited iron ore mining activity in Mayurbhanj and Jajpur districts, 
the major iron ore producing areas that need special attention are Joda-Barbil 
(Keonjhar district) and Koira Sector (Sundargarh district). 

At present, Joda-Barbil Sector has total 27 working mines (22 iron ore mines 
and 5 exclusive Mn ore mines) and Koira Sector has total 26 mines (18 iron 
ore mines and 8 exclusive Mn ore mines). Thus, the total iron ore mines 
(including 7 Mn ore associated mines) in Joda-Koira Sector are 40 only. 

The total EC Capacity of these 40 mines is 155.519 MT, whereas actual 
production was 48.087 MT (30.9%) during 2014-15 and 77.907 MT (50.1%) 
during 2015-16. Total production from Joda and Koira region during 2016-17 
was 98.38 MT (63.3%), whereas total permitted dispatch was 115.541 MT  
(74.3%). 

 Joda-Barbil, Keonjhar District 

At present total EC Capacity of 22 iron ore mines in Joda-Barbil Sector is 
106.631 MT, whereas actual production during 2014-15 was 34.420 MT 
(32.3%) and 55.318 MT (51.9%) during 2015-16. 

Total production from Joda region during 2016-17 was 70.291 MT (65.9%), 
whereas total permitted dispatch was 79.575 MT (74.6%).  

 Koira Sector, Sundargarh District 

At present total EC Capacity of 18 iron ore mines in Koira Sector is 49.209 
MT, whereas actual production during 2014-15 was 13.667 MT (27.8%) and 
22.589 MT (45.9%) during 2015-16. 

Total production from Koira region during 2016-17 was 28.089 MT (57.0%), 
whereas total permitted dispatch was 35.966 MT (73.1%).    

 

12.3 Continuation of Iron Ore Mining Activity 

Analysis of baseline environmental quality data for the year 2014 and 2016 
indicates that existing mining activities appear to have little / no potential 
impact on environmental quality, except on air environment, which was mainly 
due to re-suspension of road dust. Therefore, all the working mines can 
continue to operate with strict compliance to monitoring of environmental 
quality parameters as per EC and CTE/CTO conditions of the respective 
mine, and implementation of suggested measures for control of road dust and 
air pollution, as given in Sections 4.6.2, Section 4.7 and Section 10.7. 

 

Odisha State Pollution Control Board has to ensure the compliance of 
CTE/CTO. Regional office of the MoEF&CC, Bhubaneswar shall monitor the 
compliance of the EC conditions. Regional office of the Indian Bureau of 
Mines (IBM) shall monitor the compliance of mining plan and progressive 
mine closure plan. Any violation by mine lease holder may invite actions per 
the provisions of applicable acts.   
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12.4 Suggested Sustainable Annual Production (SAP)  

 Considering the existing environmental quality, EC capacity, production rate, 
iron ore resources availability and transport infrastructure availability, the 
share of Joda and Koira sector works out to be 70% and 30% respectively for 
the existing scenario for the year 2015-16. However, for additional EC 
capacity, it can be 50:50 subject to commensurate infrastructure improvement 
(viz. SOTM, pollution free road transport, enhancement of rail network etc.) in 
the respective regions.  

 

Accordingly, year-wise sustainable annual production from Joda and Koira 
area and jointly for both the regions upto 2020-21 is estimated to be as given 
in Table 12.1, 12.2 and 12.3 respectively.  

 
Table 12.1: Actual/Suggested Sustainable Annual Production in Joda Sector  

(Keonjhar District) up to 2020-21  

Sr. 
No. 

Year Horizon Actual/Suggested 
Sustainable Annual 

Production (MT) 

Mine Source with EC Capacity 

1. 2015-16 Base Year 56 Total 22 iron ore mines in Joda 
Sector with total EC Capacity of 
106.6 MTPA (already permitted/ 
working mines) 

2. 2016-17 Ist Year 66 (56+10) 
(Actual production – 

70.291 MT)  

Existing 22 iron ore mines upto 
March 2016 (EC Capacity 106.6 
MTPA) or Additional 10 MT from 
further expansion or new mines  

3. 2017-18 2nd Year 76 (66+10) Existing iron ore mines upto March 
2017 or Additional 10 MT from further 
expansion or new mines 

4. 2018-19 3rd Year 86 (76+10) Existing iron ore mines upto March 
2018 or Additional 10 MT from further 
expansion or new mines 

5. 2019-20 4th Year 96 (86+10) Existing iron ore mines upto March 
2019 or Additional 10 MT from further 
expansion or new mines 

6. 2020-21 5th Year 106 (96+10) Existing iron ore mines upto March 
2020 or Additional 10 MT from further 
expansion or new mines 

 
 

Table 12.2: Actual/Suggested Sustainable Annual Production in Koira Sector 
(Sundargarh District) up to 2020-21 

Sr. 
No. 

Year Horizon Actual / Suggested 
Sustainable Annual 

Production (MT) 

Mine Source with EC Capacity 

1. 2015-16 Base Year 24 Total 18 existing iron ore mines in 
Koira Sector with total EC Capacity 
of 49.2 MTPA (already permitted/ 
working mines)  



Chapter 12: Recommendations for Sustainable Mining 

Carrying Capacity Study for Environmentally Sustainable Iron and Manganese Ore 
Mining Activity in Keonjhar, Sundargarh and Mayurbhanj Districts of Odisha State 

Final Report – February 2018 
 

 

12.6 
 

2. 2016-17 1st Year 34 (24+10) 
(Actual production – 

28.089 MT) 

Existing iron ore mines upto March 
2016 or Additional 10 MT from 
further expansion or new mines 

3. 2017-18 2nd Year 44 (34+10) Existing iron ore mines upto March 
2017 or Additional 10 MT from 
further expansion or new mines 

4. 2018-19 3rd Year 54 (44+10) Existing iron ore mines upto March 
2018 or Additional 10 MT from 
further expansion or new mines 

5. 2019-20 4th Year 64 (54+10) Existing iron ore mines upto March 
2019 or Additional 10 MT from 
further expansion or new mines 

6. 2020-21 5th Year 74 (64+10) Existing iron ore mines upto March 
2020 or Additional 10 MT from 
further expansion or new mines 

 

Table 12.3: Actual/Suggested Sustainable Annual Production in Joda-Koira Sector 
(Keonjhar & Sundargarh districts) up to 2020-21 

Sr. 
No. 

Year Horizon Actual / Suggested 
Sustainable Annual 

Production (MT) 

Mine Source with EC Capacity 

1. 2015-16 Base 
Year 

80 Total 40 iron ore mines in Joda-
Koira Sector (Keonjhar and 
Sundargarh districts) with total EC 
Capacity of 156 MTPA (already 
permitted/ working mines) 

2. 2016-17 1st Year 100 (80+20) 
(Actual production – 

98.38 MT) 

Existing 40 iron ore mines upto 
March 2016 (EC Capacity 156 
MTPA) or Additional 20 MT from 
further expansion or new mines 

3. 2017-18 2nd Year 120 (100+20) Existing iron ore mines upto March 
2017 or Additional 20 MT from 
further expansion or new mines 

4. 2018-19 3rd Year 140 (120+20) Existing iron ore mines upto March 
2018 or Additional 20 MT from 
further expansion or new mines 

5. 2019-20 4th Year 160 (140+20) Existing iron ore mines upto March 
2019 or Additional 20 MT from 
further expansion or new mines 

6. 2020-21 5th Year 180 (160+20) Existing iron ore mines upto March 
2020 or Additional 20 MT from 
further expansion or new mines 

 

Accordingly, by 2021, the total iron production capacity can be 201 MT (Joda 
Sector - 106 MT; Koira Sector 74 MT, Baripada Sector - 10 MT and Jajpur Sector - 11 
MT), as summarized in Table 12.4. However, the capacity enhancement will be subject 
to certain pre-requisites as listed in next point (Section 12.5). 
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Table 12.4: Summary of Suggested Sustainable Annual Production in Odisha 
State upto 2020-21 

 
Sr. 
No. 

Year Horizon Suggested Sustainable Annual Production (MT) 

Joda, 
Keonjhar 

Koira, 
Sundargarh 

Baripada, 
Mayurbhanj 

Daitari, 
Jajpur 

Total 
(approx.) 

1. 2015-16 Base year 56 24 2 3 85 

2. 2016-17 1st Year 66 34 2 3 105* 

3. 2017-18 2nd Year 76 44 4 5 129 

4. 2018-19 3rd Year 86 54 6 7 153 

5. 2019-20 4th Year 96 64 8 9 177 

6. 2020-21 5th Year 106 74 10 11 201 

The values are rounded off. 

* Actual total production during 2016-17 was 102.7 MT, whereas total dispatch was 
about 120 MT. Total EC capacity is 160.31 MTPA. 

 

Note: It is emphasized again and envisaged that preparation of 5 years regional 
annual plan for iron ore requirement/demand based on approved mining plan by 
Govt. of Odisha through Department of Steel & Mines shall streamline the iron 
and manganese ore mining activities in the region.  

It is to be noted that as per the National Steel Policy (May 8, 2017 Notification), it 
is projected that total installed crude steel capacity will be about 300 MT by 
2030-31, wherein total requirement of iron ore will be about 437 MT (or say 450 
MT, depending on steel making route chosen).  

In the draft steel policy (Page 9), it was mentioned that steel requirement will be 
about 144 MT by 2020-21, about 236 MT by 2025-26, and about 300 MT by 
2030-31. Considering iron ore requirement of 1.5 MT per MT of crude steel, the 
corresponding iron ore requirement works out to be about 216 by 2020-21, 354 
MT by 2025-26 and 450 MT by 2030-31 for the entire country. 

In the present study on sustainable iron ore mining in Odisha State, 201 MT is 
suggested as sustainable annual production from Odisha by 2020-21, which is 
approximately 93% of the total requirement of the whole country by 2020-21; 
however such a mining rate is subject to certain pre-requisites, as given in the 
next section.   

However, in case, the demand for iron ore from the State exceeds the suggested 
annual production by 2021, a feasibility study involving environmental 
sustainability considerations should be conducted.  
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12.5 Pre-requisites for Implementation of Suggested Sustainable Annual 
Production 

12.5.1 Continuous monitoring of different environmental quality parameters as per EC 
and CTE/CTO conditions with respect to air, noise, water (surface & ground 
water) and soil quality in each region shall be done. The environmental quality 
parameters should not indicate any adverse impact on the environment. 
Monitoring within the mines should be done by individual mine lease holders, 
whereas outside the mine lease area, monitoring should be done by the Govt. 
of Odisha through various concerned departments/ authorized agencies. 
Various monitoring/ studies should be conducted through national reputed 
institutes, NABET/ MoEF&CC accredited laboratories/organizations.  

The reports submitted by individual mine lease holders and study reports 
prepared by other concerned departments/agency for each of the regions 
should be evaluated and examined by SPCB/ MoEF&CC.  

12.5.2 Construction of cement concrete road from mine entrance and exit to the main 
road with proper drainage system and green belt development along the roads 
and also construction of road minimum 300 m inside the mine should be done. 
This should be done within one year for existing mines and new mine should 
have since beginning. The concerned departments should extend full support; 
wherever the land does not belong to the respective mine lease holders.  

The Department of Steel & Mines, Govt. of Odisha should ensure the 
compliance and should not issue the Mining Permits, if mine lease holder has 
not constructed proper cement concrete road as suggested above. 

12.5.3 In view of high dust pollution and noise generation due to road transport, it is 
proposed to regulate/guide the movement of iron and manganese ore material 
based on the EC capacity of the mines. Accordingly, ore transport mode has 
been suggested, as given below in Table 12.5.     

 Table 12.5: EC Capacity based Suggested Ore Transport Mode (SOTM) 

Code EC Capacity  Suggested Ore Transport Mode 

SOTM 1 ≥ 5 MTPA 100% by private railway siding or conveyor belt up to 
public railway siding or pipeline for captive mines and 
70% for non-captive mines 

SOTM 2 Between 3 
and <5 
MTPA 

Minimum 70% by public railway siding, through 
conveyor belt and maximum 30% by road - direct to 
destination or other public railway siding or above option 

SOTM 3 Between 1 
and < 3 
MTPA 

Minimum 70% by public railway siding and maximum 
30% by road - direct to destination or by other public 
railway siding or above options 

SOTM 4 <1 MTPA 100 % by 10/17 Ton Trucks or above options 
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It is mentioned by State Govt. of Odisha that currently about 45% of the iron ore 
is despatched using rail network and progressively it will be increased to about 
60% by rail/slurry over a period of 5 years, taking into account time required to 
set up more railway sidings.  

In view of present ore transport practices and practical limitations, all the 
existing mines should ensure adoption of SOTM within next 5 years.  

New mines or mines seeking expansion should incorporate provision of SOTM 
in the beginning itself, and should have system in place within next 5 years. 

However, the State Govt. of Odisha shall ensure dust free roads in mining areas 
wherever the road transportation of mineral is involved. The road shoulders 
shall be paved with fence besides compliance with IRC guidelines. All the roads 
should have proper drainage system and apart from paving of entire carriage 
width the remaining right of way should have native plantation (dust capturing 
species). Further, regular maintenance should also be ensured by the Govt. of 
Odisha.   

Transportation of iron & manganese ore through river (jetty) to nearest Sea port 
(Sea cargo option) may be explored or connecting Sea ports with Railway 
network from the mines to be improved further so that burden on existing road 
and rail network and also pollution thereof can be minimized.     

Progress on development of dust free roads, implementation of SOTM, 
increased use of existing rail network, development of additional railway 
network/conveyor belt/ pipelines etc. shall be submitted periodically to 
MoEF&CC.    

Responsibility : Department of Steel & Mines, Govt. of Odisha   

Time Period: 5 Years for developing railway/ conveyor belt facilities 

12.5.4 Development of parking plazas for trucks with proper basic amenities/ facilities 
should be done inside mine as suggested in Fig. 12.1. This should be done 
within one year for existing mines and new mines should have since beginning. 
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Fig. 12.1: Schematic Diagram of Suggested Parking Plazas Inside the Mining 
Lease Area with Connectivity to Main Road from Mine to Main Road 

Small capacity mines (in terms of lease area or production) not having enough 
space within the mine lease areas should develop parking plaza at a common 
place within the region with requisite facilities.  

Responsibility: Individual Mine Lease Holders  

Time Period: 1 Year  

12.5.5 Construction of NH 215 as minimum 4 lane road with proper drainage system 
and plantation and subsequent regular maintenance of the road as per IRC 
guidelines. Construction of other mineral carrying roads with proper width and 
drainage system along with road side plantation to be carried out. 

Responsibility: Department of Steel & Mines with PWD / NHAI  

Time Period: 2 Years 

12.5.6 Regular vacuum cleaning of all mineral carrying roads aiming at “Zero Dust Re-
suspension” may be considered. 

Responsibility: PWD / NHAI/ Mine Lease Holders 

Time Period: 3 months for existing roads 

12.5.7 Expansion of existing mines and new mines should be considered after 
conducting recent EIA Study (as per the provisions of EIA Notification 2006, as 
amended time to time) with proper justification on demand scenario for iron ore 
requirement and availability of pollution free transport network in the region. 

Responsibility: IBM, Department of Steel & Mines and MoEF&CC, New Delhi 
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12.6 Mine-wise Allocation of Annual Production 

 In case the total requirement of iron ore exceeds the suggested limit for that 
year, permission for annual production by an individual mine may be decided 
depending on approved EC capacity (for total actual dispatch) and actual 
production rate of individual mine during last year or any other criteria set by the 
State Govt., i.e. Dept. of Steel & Mines.  

Department of Steel and Mines in consultation with Indian Bureau of Mines-RO 
should prepare in advance mine-wise annual production scenario as suggested 
in Table 12.6, so that demand for iron ore can be anticipated, and actual 
production/dispatch does not exceed the suggested annual production. 

Table 12.6: Allocation of Production to Different Mines for 5 Years 
(as per approved Mining Plan) 

Mine 
Lease 

EC 
Capacity 
(MTPA) 

Suggested Annual Production (MT) 

2016-17 2017-18 2018-19 2019-20 2020-21 

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 

Mine 1 X1  
    Mine 2 X2  
    Mine 3 X3  
    Mine n Xn  
    Total 160 + dX 105 129 153 177 201 

        Next year allocation = Average of EC Capacity and Last year production 

 

12.7 Expansion of Existing Mines having Validity up to 2020  

 
In view of implementation of MMDR Act 2015, wherein many non-captive mines 
are expected to be closed by March 2020, total iron ore production scenario has 
been prepared (Section 2.4.7). It is expected that the non-captive mines having 
validity till 2020 shall try to maximize their production (limited to EC capacity) in 
the remaining period. Further, depending upon availability of iron ore resources, 
these mines may also seek expansion of EC capacity.  
 
It may be noted here that total EC capacity of existing 25 working mines having 
validity upto 2020 is about 85 MTPA, whereas actual production from these 
mines has been only 44.677 MT (52.6%) during 2015-16 and 57.07 MT (67.1%) 
during 2016-17. Also, it is expected that these mines would not even be able to 
achieve ore production as per existing EC capacity till March 2020. Therefore, 
these existing mines should go for production to the fullest extent to meet the 
requisite demand from the State. However, where EC limit is exhausted, 
application for expansion may be considered.   
     
Further, the EC process (i.e. Grant of TOR, Baseline data collection, Mining 
plan/ scheme approval, Public hearing, preparation of EIA/EMP Report, 
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Appraisal by the EAC and grant of EC) takes about one year time. Under such 
circumstances, it is suggested that further applications for grant of TOR or grant 
of EC for expansion of production capacity of the mine should be considered for 
those existing mines, which have exhausted their capacity subject to 
consideration of all environmental aspects.  
 
Responsibility: Department of Steel & Mines and MoEF&CC, New Delhi 

12.8 Sustained Iron Ore Production beyond 2020 

12.8.1 Considering the implementation of MMDR Act 2015, total production of iron ore 
in Odisha State is anticipated to be about 111 MT during 2016-17 (actual 
production was – 102.663 MT), 136 MT during 2017-18, 146 MT during 2018-19 
and 146 MT during 2019-20. Then there will be substantial drop in total 
production (to the tune of 73 MT during 2020-21 onwards) due to closure of 
mines, which are valid up to 2020 (Section 2.4.7).  

Therefore, in order to maintain operation/sustained growth of downstream 
industries, iron ore mining in the region needs to be continued at a sustainable 
rate. The State Govt. through Department of Steel and Mines should initiate 
appropriate action to ensure continued availability of iron ore from the region, as 
per suggested sustainable annual production (Section 12.2 and Section 12.4). 

12.8.2 Reserves Estimation – Mining Plan and Exploration    

Appropriate actions (geo-technical investigation for qualitative and quantitative 
resource estimation & other preparations for auction of mines), may be initiated 
taken into account the existing working mines, and the mines which were 
operational at some point of time (but closed presently due to various reasons).   

The total iron ore reserves/ resources available within the total lease area of 
each mine should be estimated by State Govt./NMET/ GSI (or any other 
approved agency) with respect to: 

 Total lease area of mine (surface) 

 Maximum depth to which resources could be available  

 Resources below the ground water table (if intersected)  

 Reserves are to be estimated as per UNFC code with respect to quantity 
and quality (% Fe content) 

 Maximum mining rate and area for auction (after 2020) will be calculated 
based on total resources available and proposed life of mine leading to 
closure of mine in a stipulated time period 

Responsibility: Department of Steel & Mines, IBM and GSI 

Time frame: 1 year for the mines to be auctioned for next 2 years 

The above mentioned organizations shall ensure the compliance with 
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respect to timelines for implementations. 

12.8.3 Depending upon availability of extractable iron ore resources within a mine, 
mining below the ground water table may be permitted after conducting 
necessary geological and hydro-geological study by GSI and requisite approval 
from the CGWB/CGWA (Central Ground Water Board/Authority). This can be 
explored at least in few mines on trial/pilot basis.  

Further, within a mine, it will be desirable to operate one pit at a time, and next 
pit should be opened after extracting maximum possible resources from the first 
pit, so that the exhausted pit can be used for back filling/ storing of low grade 
iron ore. However, depending upon the quantity and/or quality of iron/ 
manganese ore, other mine pits in the same mine lease may also be opened for 
sustainable scientific mining, as per approved mining plan/scheme of mining by 
IBM.  

The Department of Steel & Mines, Govt. of Odisha should initiate the pilot 
project so that minerals are fully utilized. 

12.8.4 Commercial Utilization of Low Grade Ore  

R&D studies towards utilization of low-grade iron ore should be conducted 
through research/academic institutes like IMMT, Bhubaneswar, NML, 
Jamshedpur, and concerned metallurgical departments in IITs, NITs etc., 
targeting full utilization of low-grade iron ore (Fe content upto 45% by 2020 and 
upto 40% by 2025). In fact, life cycle assessment of whole process including 
environmental considerations should be done for techno-economic and 
environmental viability. 

R&D studies on utilization of mine wastewater having high concentration of Fe 
content for different commercial applications in industries such as cosmetics, 
pharmaceutical, paint industry should also be explored.  

Responsibility: IBM, Dept. of Steel & Mines, Individual Mine Lease Holders 

12.8.5 The mining activity in Joda-Koira sector is expected to continue for another 100 
years, therefore, it will be desirable to develop proper rail network in the region. 
Rail transport shall not only be pollution free mode but also will be much 
economical option for iron ore transport. The rail network and/or conveyor belt 
system upto public railway siding needs to be created as detailed in Section 
10.6.1. The total length of the conveyor belt system/ rail network to be 
developed from mines to nearest railway sidings by 11 mines in Joda region is 
estimated to be about 64 km. Similarly, in Koira region, total length of rail 
network/ conveyor system for 8 mines (under SOTM 1 & 2) is estimated to be 
around 95 km. Further, it is suggested to develop a rail network connecting 
Banspani (Joda region) and Roxy railway sidings in Koira region, as shown in 
Fig. 12.2. 
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Fig. 12.2: Existing (Black in colour) and Proposed Rail Network (Blue in 
colour) Connecting Banspani and Roxy Railway Sidings 

 

Responsibility: Dept. of Steel & Mines, Govt. of Odisha and Concerned Mines 
along with Indian Railways 

Time Period: Maximum 7 years (by 2025) 

The Department of Steel & Mines, Govt. of Odisha should follow-up with the 
concerned Departments and railways so that proposed proper rail network is in 
place by 2025. 

12.8.6 State Govt. of Odisha shall make all efforts to ensure exhausting all the iron & 
manganese ore resources in the existing working mines and from disturbed 
mining leases/zones in Joda and Koira region. The criteria suggested in 
Section 12.8.2 shall be applicable while suggesting appropriate lease area and 
sustainable mining rate. 

Responsibility: Dept. of Steel & Mines, Govt. of Odisha 

12.8.7 Large and medium mine leases contribute to better implementation of 
reclamation and rehabilitation plans to sustain the ecology for scientific and 
sustainable mining. The small leases do not possess scientific capability of 
environmentally sustainable mining. Therefore, new mine leases having more 
than 50 ha area should be encouraged, as far as possible. This will ensure 
inter-generational resource availability to some extent. 

Responsibility: Dept. of Steel & Mines, Govt. of Odisha 
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12.8.8 Further, regional carrying capacity study must be conducted for each of the 
regions (Joda, Koira & Bripada) on a regular interval of 5 years to ensure 
adoption of sustainable mining practices with expected/committed societal 
development in the region. 

Responsibility: Department of Steel & Mines and MoEF&CC, New Delhi. 

 

Environmental Protection Measures 

12.9 Mining Operations/Process Related 

12.9.1 Appropriate mining process and machinery (viz. right capacity, fuel efficient) 
should be selected to carry out various mining operations that generate 
minimal dust/air pollution, noise, wastewater and solid waste. e.g. drills 
should either be operated with dust extractors or equipped with water 
injection system. 

12.9.2 After commencement of mining operation, a study should be conducted to 
assess and quantify emission load generation (in terms of air pollution, noise, 
waste water and solid waste) from each of the mining activity (including 
transportation) on annual basis. Efforts should be made to further eliminate/ 
minimize generation of air pollution/dust, noise, wastewater, solid waste 
generation in successive years through use of better technology. This shall be 
ensured by the respective mine lease holders. 

12.9.3 Various machineries/equipment selected (viz. dumpers, excavators, crushers, 
screen plants etc.) and transport means should have optimum fuel/power 
consumption, and their fuel/power consumption should be recorded on 
monthly basis. Further, inspection and maintenance of all the machineries/ 
equipment/ transport vehicles should be followed as per manufacturer’s 

instructions/ recommended time schedule and record should be maintained 
by the respective mine lease holders.   

12.9.4 Digital processing of the entire lease area using remote sensing technique 
should be carried out regularly once in 3 years for monitoring land use pattern 
and mining activity taken place. Further, the extent of pit area excavated 
should also be demarcated based on remote sensing analysis.  

This should be done by ORSAC (Odisha Space Applications Centre, 
Bhubaneswar) or an agency of national repute or if done by a private agency, 
the report shall be vetted/ authenticated by ORSAC, Bhubaneswar. Expenses 
towards the same shall be borne by the respective mine lease holders. 

 Responsibility: Individual Mine Lease Holders 
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12.10 Air Environment Related 

12.10.1 Fugitive dust emissions from all the sources should be controlled regularly on 
daily basis. Water spraying arrangement on haul roads, loading and 
unloading and at other transfer points should be provided and properly 
maintained. Further, it will be desirable to use water fogging system to 
minimize water consumption. It should be ensured that the ambient air quality 
parameters conform to the norms prescribed by the CPCB in this regard. 

12.10.2 The core zone of mining activity should be monitored on daily basis. Minimum 
four ambient air quality monitoring stations should be established in the core 
zone for SPM, PM10, PM2.5, SO2, NOx and CO monitoring. Location of air 
quality monitoring stations should be decided based on the meteorological 
data, topographical features and environmentally and ecologically sensitive 
targets and frequency of monitoring should be undertaken in consultation with 
the State Pollution Control Board (based on Emission Load Assessment 
Study). The number of monitoring locations may be more for larger capacity 
mines and working in larger area. Out of four stations, one should be online 
monitoring station in the mines having more than 3 MTPA EC Capacity. 

12.10.3 Monitoring in buffer zone should be carried out by SPCB or through NABET 
accredited agency. In addition, air quality parameters (SPM, PM10, PM2.5, 
SO2, NOx and CO) shall be regularly monitored at locations of nearest human 
habitation including schools and other public amenities located nearest to 
source of the dust generation as applicable. Further, 11 continuous air quality 
monitoring systems may be installed in Joida and Koira regions and one in 
Baripada/ Rairangpur region as suggested in Section 10.7, and shown in Fig. 
12.3.  
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Fig. 12.3: Suggested Online Air Quality Monitoring Stations in Joda and 
Koira Regions (Outside the Mine Lease Areas) 

 

12.10.4 Emissions from vehicles as well as heavy machinery should be kept under 
control and regularly monitored. Measures should be taken for regular 
maintenance of vehicles used in mining operations and in transportation of 
mineral.  

The vehicles shall be covered with a tarpaulin and should not be overloaded.  

Further, possibility of using closed container trucks should be explored for 
direct to destination movement of iron ore.  

Air quality monitoring at one location should also be carried out along the 
transport route within the mine (periodically, near truck entry and exit gate).  

 Responsibility: Individual Mine Lease Holders and SPCB 

 

12.11 Noise and Vibration Related 

12.11.1 Blasting operation should be carried out only during daytime. Controlled 
blasting such as Nonel, should be practiced. The mitigation measures for 
control of ground vibrations and to arrest fly rocks and boulders should be 
implemented. 

12.11.2 Appropriate measures (detailed in Section 5.4) should be taken for control of 
noise levels below 85 dBA in the work environment. Workers engaged in 
operations of HEMM, etc. should be provided with ear plugs/muffs. 

12.11.3 Noise levels should be monitored regularly (on weekly basis) near the major 
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sources of noise generation within the core zone. Further, date, time and 
distance of measurement should also be indicated with the noise levels in the 
report. The data should be used to map the noise generation from different 
activities and efforts should be made to maintain the noise levels with the 
acceptable limits of CPCB (CPCB, 2000). 

12.11.4 Similarly, vibration at various sensitive locations should be monitored atleast 
once in month, and mapped for any significant changes due to successive 
mining operations.   

 Responsibility: Individual Mine Lease Holders 

 

12.12 Water/Wastewater Related 

12.12.1 In general, the mining operations should be restricted to above ground water 
table and it should not intersect groundwater table. However, if enough 
resources are estimated below the ground water table, the same may be 
explored after conducting detailed geological studies by GSI and hydro-
geological studies by CGWB or NIH or institute of national repute, and 
ensuring that no damage to the land stability/ water aquifer system shall 
happen. The details/ outcome of such study may be reflected/incorporated in 
the EIA/EMP report of the mine appropriately. 

12.12.2 Natural watercourse and/or water resources should not be obstructed due to 
any mining operations. Regular monitoring of the flow rate of the springs and 
perennial nallas should be carried out and records should be maintained. 
Further, regular monitoring of water quality of nallas and river passing 
thorough the mine lease area (upstream and downstream locations) should 
be carried out on monthly basis.   

12.12.3 Regular monitoring of ground water level and its quality should be carried out 
within the mine lease area by establishing a network of existing wells and 
constructing new piezometers during the mining operation. The monitoring 
should be carried out on monthly basis. 

12.12.4 In order to optimize water requirement, suitable conservation measures to 
augment ground water resources in the area should be undertaken in 
consultation with Central Ground Water Board (CGWB).  

12.12.5 Suitable rainwater harvesting measures on long term basis should be planned 
and implemented in consultation with CGWB, to recharge the ground water 
source. Further, CGWB can prepare a comprehensive plan for the whole 
region. 

12.12.6 Appropriate mitigation measures (viz. ETP, STP, garland drains, retaining 
walls, collection of runoff etc.) should be taken to prevent pollution of nearby 
river/other water bodies. Water quality monitoring study should be conducted 
by State Pollution Control Board to ensure quality of surface and ground 
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water sources on regular basis. The study can be conducted through NABL/ 
NABET approved water testing laboratory. However, the report should be 
vetted by SPCB. 

12.12.7 Industrial wastewater (workshop and wastewater from the mine) should be 
properly collected, treated in ETP so as to conform to the discharge 
standards applicable. 

Oil and grease trap should be installed before discharge of workshop 
effluents. Further, sewage treatment plant should be installed for the 
employees/colony, wherever applicable. 

12.12.8 Mine lease holder should ensure that no silt originating due to mining activity 
is transported in the surface water course or any other water body. 
Appropriate measures for prevention and control of soil erosion and 
management of silt should be undertaken. Quantity of silt/soil generated 
should be measured on regular basis for its better utilization.  

Erosion from dumps site should be protected by providing geo-textile matting 
or other suitable material, and thick plantation of native trees and shrubs 
should be carried out at the dump slopes. Further, dumps should be protected 
by retaining walls.  

12.12.9 Trenches / garland drain should be constructed at the foot of dumps to arrest 
silt from being carried to water bodies. Adequate number of check dams 
should be constructed across seasonal/perennial nallas (if any) flowing 
through the mine lease areas and silt be arrested. De-silting at regular 
intervals should be carried out and quantity should be recorded for its better 
utilization, after proper soil quality analysis. 

The water so collected in the reservoir within the mine should be utilized for 
the sprinkling on hauls roads, green belt development etc. 

12.12.10 There should be zero waste water discharge from the mine. Based on actual 
water withdrawal and consumption/ utilization in different activities, water 
balance diagram should be prepared on monthly basis, and efforts should be 
made to optimize consumption of water per ton of ore production in 
successive years. 

 Responsibility: Individual Mine Lease Holders, SPCB and CGWB 

 

12.13 Land/ Soil/ Overburden Related 

12.13.1 The top soil should temporarily be stored at earmarked site(s) only and it 
should not be kept unutilized for long (not more than 3 years or as per 
provisions mentioned in the mine plan/ scheme). The topsoil should be used 
for land reclamation and plantation appropriately. 
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12.13.2 Fodder plots should be developed in the non-mineralised area in lieu of use of 
grazing land, if any. 

12.13.3 Over burden/ low grade ore should be stacked at earmarked dump site(s) 
only and should not be kept active for long period. The dump height should be 
decided on case to case basis, depending on the size of mine and quantity of 
waste material generated. However, slope stability study should be conducted 
for larger heights, as per IBM approved mine plan and DGMS guidelines.   

The OB dump should be scientifically vegetated with suitable native species 
to prevent erosion and surface run off. In critical areas, use of geo textiles 
should be undertaken for stabilization of the dump. Monitoring and 
management of rehabilitated areas should continue until the vegetation 
becomes self-sustaining. Proper records should be maintained regarding 
species, their growth, area coverage etc.   

12.13.4 Catch drains and siltation ponds of appropriate size should be constructed to 
arrest silt and sediment flows from mine operation, soil, OB and mineral 
dumps. The water so collected can be utilized for watering the mine area, 
roads, green belt development etc. The drains should be regularly de-silted, 
particularly after monsoon and should be maintained properly. Appropriate 
documents should be maintained.  

Garland drain of appropriate size, gradient and length should be constructed 
for mine pit, soil. OB and mineral dumps and sump capacity should be 
designed with appropriate safety margin based on long term rainfall data.   

Sump capacity should be provided for adequate retention period to allow 
proper settling of silt material. Sedimentation pits should be constructed at the 
corners of the garland drains and de-silted at regular intervals.  

12.13.5 Backfilling should be done as per approved mining plan/scheme. There 
should be no OB dumps outside the mine lease area. The backfilled area 
should be afforested, aiming to restore the normal ground level. Monitoring 
and management of rehabilitated areas should continue till the vegetation is 
established and becomes self-generating. 

12.13.6 Hazardous waste such as, waste oil, lubricants, resin, and coal tar etc. should 
be disposed off as per provisions of Hazardous Waste Management Rules, 
2016, as amended from time to time.  

 Responsibility: Individual Mine Lease Holders 

12.14 Ecology/ Biodiversity (Flora-Fauna) Related 

12.14.1 As per the Red List of IUCN (International Union for Conservation of Nature), 
six floral species and 21 faunal species have been reported to be under 
threatened, vulnerable & endangered category. Protection of these floral and 
faunal species should be taken by the State Forest & Wildlife Department on 
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priority, particularly in the mining zones, if any.   

12.14.2 The mines falling within 5-10 km of the Karo-Karampada Elephant corridor 
buffer need to take precautionary measures during mining activities. The 
forest and existing elephant corridor routes are to be protected and 
conserved. Improvement of habitat by providing food, water and space for the 
elephants is required to be ensured to avoid Man-Elephant conflicts.  

Though as per the records of State Forest Department, movement of 
elephants in the Karo-Karampada elephant corridor within 10 km distance 
from the mines in Joda and Koira is not observed, the Forest Department 
shall further record and ensure that elephant’s movement is not affected due 
to mining activities.       

12.14.3 All precautionary measures should be taken during mining operation for 
conservation and protection of endangered fauna namely elephant, sloth bear 
etc. spotted in the study area. Action plan for conservation of flora and fauna 
should be prepared and implemented in consultation with the State Forest 
and Wildlife Department within the mine lease area, whereas outside the 
mine lease area, the same should be maintained by State Forest Department.    

12.14.4 Afforestation is to be done by using local and mixed species saplings within 
and outside the mining lease area. The reclamation and afforestation is to be 
done in such a manner like exploring the growth of fruit bearing trees which 
will attract the fauna and thus maintaining the biodiversity of the area. As 
afforestation done so far is very less, forest department needs to identify 
adequate land and do afforestation by involving local people in a time bound 
manner.  

12.14.5 Green belt development carried out by mines should be monitored regularly in 
every season and parameters like area under vegetation/plantation, type of 
plantation, type of tree species /grass species/scrubs etc., distance between 
the plants and survival rate should be recorded. 

12.14.6 Green belt is an important sink of air pollutants including noise. Development 
of green cover in mining area will not only help reducing air and noise 
pollution but also will improve the ecological conditions and prevent soil 
erosion to a greater extent.  Further, selection of tree species for green belt 
should constitute dust removal/dust capturing plants since plants can act as 
efficient biological filters removing significant amounts of particulate pollution. 
Thus, the identified native trees in the mine area may be encouraged for 
plantation. Tree species having small leaf area, dense hair on leaf surface 
(rough surface), deep channels on leaves should be included for plantation. 

12.14.7 Vetiver plantation on inactive dumps may be encouraged as the grass 
species has high strength of anchoring besides medicinal value.  



Chapter 12: Recommendations for Sustainable Mining 

Carrying Capacity Study for Environmentally Sustainable Iron and Manganese Ore 
Mining Activity in Keonjhar, Sundargarh and Mayurbhanj Districts of Odisha State 

Final Report – February 2018 
 

 

12.22 
 

12.14.8 Details of compensatory afforestation done should be recorded and 
documented by respective forest divisions, and State Forest Department 
should present mine-wise annual status, along with expenditure details. 

12.14.9 Similarly, Wildlife Department is also required to record and document annual 
status of wildlife in the region and should identify the need for wildlife 
management on regional level. 

12.14.10 Maintenance of the ecology of the region is prime responsibility of the State 
Forest and Wildlife Department. They need to periodically review the status 
and identify the need for further improvement in the region. The required 
expenditure may be met from the funds already collected in the form of 
compensatory afforestation and wildlife management. Further, additional 
fund, if required can be sought from DMF. 

 Responsibility: Individual Mine Lease Holders and State Forest & Wildlife 
Department 

 

12.15 Socio-Economic Related 

12.15.1 Public interaction should be done on regular basis and social welfare 
activities should be done to meet the requirements of the local communities.  

Further, basic amenities and infrastructure facilities like education, medical, 
roads, safe drinking water, sanitation, employment, skill development, training 
institute etc. should be developed to alleviate the quality of life of the people 
of the region.  

12.15.2 Land outees and land losers/affected people, if any, should be compensated 
and rehabilitated as per the national/state policy on Resettlement and 
Rehabilitation. 

12.15.3 The socio-economic development in the region should be focused and 
aligned with the guidelines/initiatives of Govt. of India/ NITI Aayog / Hon’ble 

Prime Minister’s Vision centring around prosperity, equality, justice, 
cleanliness, transparency, employment, respect to women, hope etc. This can 
be achieved by providing adequate and quality facilities for education, 
medical and developing skills in the people of the region. District 
administration in association with mine lease holders should plan for 
“Samagra Vikas” of these blocks well as other blocks of the district.     

While planning for different schemes in the region, the activities should be 
prioritized as per Pradhan Mantri Khanij Kshetra Kalyan Yojna (PMKKKY), 
notified by Ministry of Mines, Govt. of India, vide letter no. 16/7/2017-M.VI 
(Part), dated September 16, 2015 (Annexure II).   

 Responsibility: District Administration and Individual Mine Lease Holders 



Chapter 12: Recommendations for Sustainable Mining 

Carrying Capacity Study for Environmentally Sustainable Iron and Manganese Ore 
Mining Activity in Keonjhar, Sundargarh and Mayurbhanj Districts of Odisha State 

Final Report – February 2018 
 

 

12.23 
 

12.16 Road Transport Related 

12.16.1 All the mine lease holders should follow the suggested ore transport mode 
(SOTM), based on its EC capacity within next 5 years.  

12.16.2 The mine lease holders should ensure construction of cement road of 
appropriate width from and to the entry and exit gate of the mine, as 
suggested in Chapter 10. Further, maintenance of all the roads should be 
carried out as per the requirement to ensure dust free road transport. 

12.16.3 Transportation of ore should be done by covering the trucks with tarpaulin or 
other suitable mechanism so that no spillage of ore/dust takes place. Further, 
air quality in terms of dust, PM10 should be monitored near the roads towards 
entry & exit gate on regular basis, and be maintained within the acceptable 
limits. 

 Responsibility: Individual Mine Lease Holders and Dept. of Steel & Mines 

 

12.17 Occupational Health Related 

12.17.1 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 periodically. 

12.17.2 Occupational health surveillance program for all the employees/workers 
(including casual workers) should be undertaken periodically (on annual 
basis) to observe any changes due to exposure to dust, and corrective 
measures should be taken immediately, if needed. 

12.17.3 Occupational health and safety measures related awareness programs 
including identification of work related health hazard, training on malaria 
eradication, HIV and health effects on exposure to mineral dust etc., should 
be carried out for all the workers on regular basis. A full time qualified doctor 
should be engaged for the purpose.   

Periodic monitoring (on 6 monthly basis) for exposure to respirable minerals 
dust on the workers should be conducted, and record should be maintained 
including health record of all the workers.  

Review of impact of various health measures undertaken (at an interval of 3 
years or less) should be conducted followed by follow-up of actions, wherever 
required. Occupational health centre should be established near mine site 
itself. 

 Responsibility: Individual Mine Lease Holders and District Administration 
(District Medical Officer) 
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12.18 Reporting of Environmental Sustainability Achievement  

 All the mines should prepare annual environmental sustainability report 
(ESR), highlighting the efforts made towards environmental protection with 
respect to different environmental components vis-à-vis production 
performance of the mine on monthly basis. The data collected as per EC and 
CTE/CTO conditions should be utilized to prepare the annual sustainability 
report.  

The mines performing high with effective environmental safeguards may be 
suitably recognized/rewarded. “Star Rating Format” formulated by the Ministry 
of Mines along with environmental sustainability report may be used.  

 

12.19 Environmental Monitoring Requirements at Regional Level 

Apart from strict compliance and monitoring by individual mine lease holder, 
there is a need for simultaneous monitoring in each of the regions by competent expert 
agencies under the guidance/ supervision of concerned regulatory agency. Details of the 
studies required to be done on regular basis (continuously for 5 years) through 
responsible agency (organization of national/state repute) and time frame are suggested 
in Table 12.7. 

Table 12.7: Suggested Environmental Monitoring Requirements and Action Plans 
at Regional Level 

Sr. 
No. Study Component/ Action Plan 

Responsibility Monitoring 
and 

Reporting 
Time Frame  

(Approx.) 

1. Environmental Quality Monitoring with respect to Air, 
Water, Noise and Soil Quality in each region (Joda, 
Koira and Baripada/Rairangpur) as per specified 
frequency shall be done by a third party (preferably 
Govt.) and/or laboratory approved/ recognized by 
NABET/ CPCB/ SPCB/ MoEF&CC.  

All the water bodies (rivers, nallas, ponds etc.) shall be 
monitored. National/State level research/ academic 
institutes may be involved initially for couple of years to 
streamline the activity. The report shall be brought out 
annually by June each year. The study shall be 
conducted in consultation with MoEF&CC-RO. 

SPCB Continuous 
Annually   

Installation of online ambient air quality monitor for 
PM10, PM2.5, SOx and NOx within the mine having more 
than 3 MTPA EC Capacity 

Respective 
Mine Lease 

Holders 

Continuous 
Annually   

Installation of online ambient air quality monitor for 
PM10, PM2.5, SOx and NOx in the Joda and Koira 
Region (total 11 locations as suggested in Section 
12.10.3 and Fig. 12.3) 

SPCB Continuous 
Annually   
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2. Status of flora and fauna in each of the regions shall be 
assessed on annual basis. Changes, if any, taking 
place in the region shall be brought out clearly. The 
study shall be conducted in consultation with State 
Forest and Wildlife Department. 

State Forest & 
Wildlife Dept. 

Annually in 
mining zone 

and once in 3 
years in the 

region  

3. Socio-economic study incorporating developments 
taking place in each of the region, CSR initiatives made 
by the mining companies shall be conducted on annual 
basis. Further, micro level developmental needs shall 
be clearly brought out in the report for each region. The 
study shall be conducted in consultation with district 
administration. 

Respective 
District 

Administration 

 Annually 

4. A detailed hydro-geological study in each of the regions 
shall be conducted in an integrated manner in 
consultation with Regional Director, Central Ground 
Water Board. Accordingly, all project proponents shall 
implement suitable conservation measures to augment 
ground water resources in the area. 

SPCB  Once in 2 
years 

5. The State Govt. shall ensure construction and 
maintenance of dust free common roads/ appropriate 
rail network for transport of ore from mines to the 
consumer end. 

Dept. of Steel 
& Mines 

12 months for 
road network 
and 5-7 years 

for rail 
network 

6. Construction and maintenance of dust free roads from 
respective mine to the main road 

Respective 
Mine Lease 

Holders 

Continuous  

6 months  

7. Traffic/road inspection study addressing the condition 
of traffic/roads leading to different mines and 
connecting to different railway sidings shall be 
undertaken on annual basis. Further, detailed traffic 
study shall be undertaken on every 5 yearly basis to 
ensure adequacy of road/rail infrastructure in each of 
the regions. The study can be undertaken through 
national/ state level research/ academic institute (such 
as CSIR-CRRI, New Delhi). 

Dept. of Steel 
& Mines 

Continuous  

6 months 

8. Assessment of landuse/ landcover changes in each of 
the regions, with particular focus on mining areas, 
afforestation activities, variation in flow path of various 
water bodies etc.  using remote sensing data 

ORSAC Annually 

 

9.  R&D Studies for utilization of low-grade iron ore  Dept. of Steel 
& Mines 

through R&D / 
Academic 
Institutes 

Upto 45% by 
2020 and 

upto 40% by 
2025 

  

The data so generated for the region should be made available on the website of 
Department of Steel & Mines and also at MoEF&CC website, so that it can be effectively 
utilized by Individual Mine Lease Holders for preparing EIA/ EMP reports. This will meet 
the requirement for separate one season baseline environmental quality data collection 
by the individual proponents, if the mine proposed is in the same study region. 
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Further, MoEF&CC (through EAC) can also utilize the data base available in 
evaluating the proposals for expansion of existing mines or new mines while granting 
ToR or EC to the mine, taking an holistic view of the region.  

State Govt. of Odisha should bring out an integrated environmental sustainability 
report for each of the regions (mainly for Joda and Koia region) incorporating ESR of 
individual mines and data collected in the region through various agencies, once in 5 
years, to plan level of scientific and sustainable mining for the next 5 years.  

  

12.20 Institutional Mechanism for Implementation of Environmentally 
Sustainable Mining 

The present study is not a one-time study, but a process to ensure 
environmentally sustainable mining activities in the region on long term basis. Looking 
into the large-scale mining activities and long term perspective for mining vis-à-vis 
environmentally sustainable mining and upliftment of people of the region, there is a 
need to create an agency, who will integrate all the aspects relating to sustainable 
mining in the region on long term basis. It could be a SPV of Govt. of Odisha or a cell 
within the overall control and supervision of Dept. of Steel & Mines, with members from 
IBM, GSI, OSPCB, MoEF&CC-RO and other concerned Departments and Mine Owners 
(EZMA), District Administration.  

It is found that the strong database available for the region needs to be taken into 
account to map and establish environmental quality of the region on daily, monthly, 
seasonal and annual basis. Further, the efforts and initiatives of the mines towards 
environmental protection as well as upliftment of the people of the region are required to 
be integrated, and a systematic plan at the block/regional level needs to be framed for 
the overall benefit of the local society, region, district, state and the country as a whole.  

It will be desirable to have proper environmental quality data management and 
analysis by NEERI or any other agency for next 5 years (six monthly compliance reports 
followed by field verification) ensuring sustainable mining practices in the region leading 
to an overall development of the region.  

District Mineral Funds should be utilized appropriately for various developmental 
activities/needs of the region. Further, an environmental sustainability report 
incorporating environmental status of region coupled with social upliftment may be 
brought out by SPCB or any other authorized agency on annual basis. This report can 
be used for supporting the regional EIA study, and also need for environmental quality 
monitoring by individual mine seeking environmental clearance for new mine/ expansion 
of mine, including public hearing. 

Since, outcome of the above study reports shall be in the overall interest of all the 
stakeholders (including local population) of the region, further planning for the region 
shall warrant cooperation and assistance of all the stakeholders (mine operators, 
industries, transporters, State & Central Governmnet Offices, MoEF&CC, CPCB, SPCB, 
Dept. of Steel & Mines, IBM, IMD, NGOs and local people) in sharing the relevant data/ 
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information/ reports/documents etc. to continuosly improve upon the environmentally 
sustainable development plan for economic growth in mining sector as well as for 
improvement in quality of life of the people of the region.   

 

At present, in order to ensure the implementation of various recommendations of 
the report prepared by CSIR-NEERI, it is proposed that a High Level Committee may be 
constituted under the Chairmanship of the Chief Secretary of the Govt. of Odisha. The 
composition of the committee may be as follows:   

 Chairman - Chief Secretary, Govt. of Odisha 

 Vice-Chairman - Principal Secretary, Dept. of Steel & Mines, Govt. of Odisha 

 Member Secretary – Director Mines, Directorate of Mines, Govt. of Odisha  

 Members - 

o Principal Secretary, Forest Department, Govt. of Odisha 

o Principal Secretary, Environment Department, Govt. of Odisha 

o Regional Controller of Mines, Indian Bureau of Mines, Bhubaneswar 

o Member Secretary, State Pollution Control Board, Bhubaneswar 

o Principal Chief Conservator of Forest & Wildlife - Forest Department, 
Bhubaneswar 

o Regional Officer – MoEF&CC, Bhubaneswar  

o Director, Department of Mines, Govt. of Odisha 

o Regional Director, Geological Survey of India, Bhubaneswar 

o Regional Director, Central Ground water Board/Authority, Bhubaneswar 

o Chief Executive, Odisha Space Applications Centre, Bhubaneswar 

o District Collectors of Respective Districts (Keonjhar & Sundargarh) 

o President, Eastern Zone Mining Association (EZMA) 

o NGOs working on Social Development Activities (one each from Joda 
and Koira region) 

o Opted Members from CSIR Research Institutes like NEERI, Nagpur, 
CIMFR, Dhanbad, IMMT, Bhubaneswar, NML, Jamshedpur, CRRI, 
New Delhi. 

 
---- xxx ---- 
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Foreword 
 

I am happy to forward the report on “Washing and Desliming of Iron Ore Fines of Nuagaon and 

Narayanposhi Mines” prepared for M/s. JSW Steel Ltd., Mines Division, Odisha. This report 

includes the mineralogical, physical and chemical characteristics of two iron ore samples as 

well as physical beneficiation, settling and filtration studies of finer size range of particles to 

generate the concentrate as sinter and pellet feed material. Mineralogical, physical and chemical 

studies provide the valuable information to develop the conceptual process flowsheet. Suitable 

washing and desliming process flowsheet was developed to utilize this low grade iron ores with 

predominant association with clay minerals. It is possible to get concentrate having more than 

62.5% Fe with around more than 82% yield and less than 2.5% alumina in combination of 

scrubbing, classification and beneficiation of fine range particles using high intensity magnetic 

separator.  

I wish that these findings can be utilised by M/s. JSW Steel Ltd., Mines Division, Odisha for 

utilization of low grade iron ore fines. 

 

 

 
 
 
 

Director 
CSIR-Institute of Minerals and Materials Technology 

Bhubaneswar 
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Executive Summary 
As per the recent National Steel Policy of Govt. of India, steel production will be enhanced to 

300 MTPA in 2030 from current production of 115 MTPA to increase per capita consumption 

from 65kg to 160kg against the world average 218kg. For the production of 300 MTPA, the 

country needs high-quality ore around 450 MTPA in form of calibrated ore, sinter and pellet to 

meet the requisite demand. To catering 450 MPTA, around 750-800 MPTA ores are to be 

mined. 

 

M/s. JSW Steel Ltd. Mines Division, Odisha was interested to carry out the beneficiation 

studies of iron ores from their captive mines i.e., Nuagaon and Narayanposhi. CSIR-IMMT, 

Bhubaneswar  has taken the responsibility to carry out characteristics and beneficiation studies 

to achieve  the concentrate as sinter and pellet feed material.   

 

The mineralogical and chemical analysis of Nuagaon iron ore mines was carried out. The Fe 

content in the bulk sample is 60.27%. The alumina, silica and LOI of the sample are 4.46%, 

3.36% and 5.31% respectively. The Bond work index was carried out as per the standard 

procedure. The Bond work index of the bulk sample is 9.7 kWh/tonne. After desliming by using 

screw scrubber, the Bond work index was enhanced to 11.00 kWh/tonne. The desliming study 

of ore was carried out using screw scrubber to classify 100 micron particles as screw scrubber 

overflow. The water and solid ratio was maintained around 7:3. The overflow percentage with 

respect to feed was 40%. The Fe content of underflow of screw scrubber could be enhanced to 

63.61%. The underflow of screw scrubber was also treated in gravity separation process using 

jig and spiral concentrator to enhance the Fe content. As grinding system is not available in this 

circuit, the jig and spiral concentrator tailings cannot be rejected due to high Fe content. Hence 

the screw scrubber underflow product was considered as one of the products. The Fe content 

in overflow of screw scrubber is 55.31%. The overflow was treated in magnetic separator to 

recover iron values from slimes. The Fe content in magnetic concentrate is 61.99%. This is the 

second product of the process. The overall yield of the process is 82.65% with 63.17% Fe, 

1.73% Al2O3, 2.59% SiO2 and 4.57% LOI.  
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The mineralogical and chemical analysis of Narayanposhi iron ore mines was carried out. The 

Fe content in the bulk sample is 60.76%. The alumina, silica and LOI of the sample are 4.16%, 

2.75% and 6.18% respectively. The Bond work index was carried out as per the standard 

procedure. The Bond work index of the bulk sample is 11.5 kWh/tonne. After desliming by 

using screw scrubber, the Bond work index was enhanced to 12.40 kWh/tonne. The desliming 

study of ore was carried out using screw scrubber to classify 100 micron particles as screw 

scrubber overflow. The water and solid ratio were maintained around 7:3. The overflow 

percentage with respect to feed was 19.10%. The Fe content of underflow of screw scrubber 

could be enhanced to 62.47%. Hence it was considered as one of the products. The Fe content 

in overflow of screw scrubber is 53.61%. The overflow was treated in rougher and scavenger 

magnetic separators to recover iron values from slimes. The Fe content in rougher magnetic 

concentrate is 62.15% and 58.66 % Fe in scavenger magnetic concentrate. Magnetic 

concentrate is the second product of the process. The overall yield of the process is 91.93% 

with 62.32% Fe, 2.92% Al2O3, 1.81% SiO2 and 5.86% LOI.  

 

In overall study of beneficiation of screw scrubber overflow was done by magnetic separation 

process but in commercial plant, the hydrocyclone provision should be there to make further 

classification before magnetic separator in case of the low grade ore contains less than 58% Fe. 

 

The concentrate and tailings of Nuagaon iron ore sample were taken for the settling study to 

provide the basic data for design of thickeners. A commercial anionic flocculent was used for 

settling of fine particles in the present study. The settling study of the concentrate was carried 

out at different solid concentration from 20 to 35% at 5% interval. The settling study of the 

tailings were carried out at the solid concentration of 5-10%. The pressure filtration of 

concentrates and the tailings were carried out using pilot scale filter press. During filter press 

operation, the cycle time was 22 minutes for filtration of concentrate and 35 minutes for the 

tailings. It is possible to achieve around 16% moisture in the filter cake for the concentrate and 

around 21-22% moisture for the tailings. Similarly, the settling and filtration studies of 

Narayanposhi iron ore sample was carried out. 
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Chapter 1 
Introduction 

1.1 Background 

Iron ores are valuable natural resources being finite and non-renewable.  Iron ore is one of 

the basic raw materials for iron and steel industries. The production of iron and steel has 

significantly expanded in recent years, particularly in China and India. It is predicted that 

the steel production may reach more than 2600 million tonnes in 2030. The recycle in form 

of iron scrap may meet around 650 million tonnes per annum. The remaining more than 

3200 million tonnes per annum will be met through fresh iron ore. This has resulted in a 

large increase in the demand for iron ore. The quality of iron ore deposits, however, has 

deteriorated worldwide because of long-term mining, and the existing mines are having 

increasing difficulty in producing ore with a high grade of iron ore by simple crushing and 

screening. It is great concern for steel industries to either receive suitable quality iron ore 

in form of lumpy or sinter/pellet.  

 

Australia and Brazil are among the world's largest iron ore producers and hold a large 

portion of the world's iron ore reserves. India is the 4th largest iron ore producer next to 

Australia, Brazil and China. India produced 209 million tonne during 2019-20 financial 

years. As per the recent National Steel Policy of Govt. of India, steel production will be 

enhanced to 300 MTPA in 2030 from current production of 115 MTPA to increase per 

capita consumption from 65kg to 160kg against the world average 218kg. For the 

production of 300 MTPA, the country needs high-quality ore around 450 MTPA in form 

of calibrated ore, sinter and pellet to meet the requisite demand. To catering 450 MPTA, 

around 750-800 MPTA ores are to be mined as shown in Fig.1.1.  

 
1.2 Status of Iron Ore in India 

India has 33 billion tonnes of primary iron ore resources like hematite and magnetite based 

minerals. Out of this, around 10.5 billion tonnes BMQ is available in India as on 1.4.2015 

as per Mineral Year Book 2018 published by IBM, Nagpur. Remaining resources comes 

under hematite category. India's 98% magnetite reserves/resources in form of magnetite or 

BMQ are located in five States, namely, Karnataka (7,802 million tonnes or 72%) followed 

by Andhra Pradesh (1,392 million tonnes or 13%), Rajasthan (617 million tonnes or 6%), 
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Tamil Nadu (507 million tonnes or 5%) and Goa (226 million tonnes or 2%). Similarly, the 

total reserves/resources of haematitic ore as on 1.4.2015 have been estimated at 22.5 billion 

tonnes. Major reserves/resources of hematitic ore are located in Odisha (7,559 million 

tonnes or 34%), Jharkhand (5,286 million tonnes or 23%), Chhattisgarh (4,858 million 

tonnes or 22%), Karnataka (2,467 million tonnes or 11%) and Goa (1,189 million tonnes 

or 5%). The threshold value of hematite iron ore is 45% Fe whereas 35% for siliceous 

hematite ore available in State of Goa. 

 

 

Fig. 1.1 Production of steel, high grade ores and low grade ores for beneficiation 

1.3 Characteristics of Indian Ore 

Indian hematitic iron ore deposits are soft and friable in nature because it is associated with 

goethite. During mining, it has been reported that the ratio between fines and lump ores is 

2:1. Additionally, generation of fines happens due to mechanised mining and also 

preparation of sized ores by crushing and screening. Hence 50-70% fines (both high and 

low grades) are generated during mining and preparation of ore activities. The country is 

not endowed with high-grade requisite iron ore resources. It is, therefore, imperative to 

achieve the best use of available low-grade iron ore resources through scientific methods 

of beneficiation and pelletisation. Challenges and solutions are needed to be focussed for 

upgradation of Indian low-grade hematite iron ore in association of goethite, kaolinite and 

gibbsite minerals. The recovery of micro fines of iron phase minerals from slimes/tailings 
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from iron ore washing/beneficiation plants should be taken seriously to maximize the 

utilization of these resources for long-term sustainability. Nature of iron phase minerals 

and associated gangue minerals decide the process flowsheet of iron ore beneficiation to be 

adopted. Utilization of low-grade iron ores through beneficiation and pelletisation is closely 

interlinked with the environmental impact on the surrounding of the mines. Both aspects 

have to be properly coordinated to facilitate and ensure a sustainable development of 

beneficiation and pelletisation processes for utilization of iron ores in harmony with the 

environment. 

 

1.4 Problems and Challenges of the Indian Iron Ore   

In general, Indian hematite ore contains a good amount of clay minerals, which affects the 

process fluid dynamics due to their swelling properties. It increases the viscosity of the 

slurry; hence it affects the grinding as well as separation units. These ores are more fragile 

in nature due to presence of goethite phase. As a result, the ultra fine generation in the 

grinding circuit is more and ultimately it increases the Blaine number which has negative 

impact in the pelletisation plant. Percentage of goethite increases when Fe content of the 

ore decreases and other gangues minerals increases simultaneously. As per commercial 

plant observation, below 55% Fe content of ore does not respond well to the conventional 

beneficiation process. 

 
1.5 Present Practice  

At present practice in India, the ROM ore is crushed and classified into different size 

fractions either in dry or wet process. Most of the mines are operated in a dry process using 

hard ore by selective mining to cater the calibrated iron ore need of iron and steel industries. 

It is crushed to below 40/30 mm or 18mm size and classified at 10 mm/5mm size to provide 

the suitable size of calibrated ore (40/30+10 mm) or (-18+5 mm) to blast furnace/DRI 

operation respectively if the ore meets requisite metallurgical, physical and chemical 

properties.  Whatever fine ore is generated due to crushing and classification processes, it 

may be utilized in sintering plant of integrated steel plants if it meets the required 

specification. The low grade ore is subjected to the physical beneficiation to recover the 

iron values, otherwise, it is dumped in mine site as rom fine dumps as shown in Fig.1.2. In 

the same time, percentage of low-grade fines increases day-by-day due to depletion of high-
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grade iron ore. It also creates environmental impact in air and water body in the surrounding 

of the mine. Utilization of these fines is the need of hour to maximize the iron recovery 

through suitable beneficiation process which should hold up the economic feasibility and 

environmental sustainability. Some of the iron ore mining industries are still making the 

washing of coarse particles and putting the slimes in the pond as shown in Fig. 1.3. These 

slimes also contain good amount of Fe values.     

 

 

 

 

 

 

Fig. 1.2 Iron ore low grade dump fines 

 

 

 

 

 

 

 

Fig. 1.3 Iron ore slimes pond 

1.6 Appropriate Approach for Iron Ore Beneficiation 

 Percentage of goethite increases when Fe content of the ore decreases and 

simultaneously other gangues minerals increases. When the ore contains less than 

55% Fe, it has been noted that goethite percentage is more than 50%. Hence this ore 

does not respond well to the conventional beneficiation process using gravity and 

magnetic separation techniques using physical properties. As the Indian hematite ore 

contains good amount of clay, it should be removed at the beginning of the process 
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using scrubbing equipment like screw scrubber/screw classifier, reflux classifier or 

drum scrubber. Hence the effect of slimes in the grinding and separation units in the 

process can be minimised.  

 During grinding of the ore, proper classification unit with closed circuit grinding is 

very indispensable to reduce the generation of ultra-fine. 

 Grinding product and desliming product should be treated separately to avoid the 

selectivity of the particles during separation process. 

 If more goethite presents in the ore or liberated goethite is more, reduction roasting 

process may be adopted to maximise the recovery of the iron values. 

1.7 Objective of the Project  

M/s. JSW Steel Ltd., Mines Division, Odisha  is planning to set up Washing and Desliming 

Iron Ore Plant to generate concentrates for sinter and pellet feed material  from 58-60%  Fe 

from Nuagaon and Narayanposhi mines.   

The scopes of the work involved in this study: 

(i) Sample preparation 
(ii) Size analysis of as received sample 
(iii) Detail chemical analysis of as received sample 
(iv) Fe analysis of each size fractions 
(v) Washing study by screw scrubber 
(vi) Desliming study by hydrocyclone 
(vii) Detail chemical analysis of screw scrubber product, hydrocyclone underflow and 

overflow 
(viii) Settling study of cyclone overflow and underflow 
(ix) Filtration study of hydrocyclone underflow 
(x) Material (solid and water ) balance of process 
(xi) Report preparation 

 

**************************************************************** 
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Chapter 2 
Characterization, Beneficiation and 

Dewatering Studies of Nuagaon Sample 
 
2.1 Introduction  

Around 1 tonnes of Iron ore below 10 mm sample was received from Nuagaon Iron ore 

mines, Barbil, Odisha to carry out the desliming and beneficiation study to develop the 

suitable process flowsheet for production of high-grade iron ore concentrate. Around 100 

kg representative sample was taken by standard coning and quartering method for size 

analysis, chemical analysis, bond work index, mineralogical studies and bulk density of 

bulk sample. The remaining sample was processed for desliming and beneficiation studies.   

2.2 Characterisation Study   

2.2.1 Size & Fe Analysis of Bulk Sample  

The total sample of around 1 tonnes was thoroughly mixed and representative sample was 

drawn by coning and quartering method for size analysis. Then the size analysis with 

respective Fe analysis of bulk sample was carried out and the result is given in Table 2.1. 

The remaining sample was subjected to beneficiation studies. 

Table 2.1 
Size and Fe analysis of bulk sample 

 
Size, mm Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

+10  3.50 3.50 63.34 63.34 
+6 14.25 17.75 63.99 63.86 
+3 12.65 30.40 64.18 63.99 
+2 4.79 35.19 63.94 63.99 
+1 9.11 44.30 63.52 63.89 

+0.850 5.14 49.44 61.99 63.69 
+0.500 3.80 53.24 61.71 63.55 
+0.300 3.67 56.91 62.11 63.46 
+0.210 4.40 61.31 61.71 63.33 
+0.150 2.81 64.12 62.06 63.28 
+0.100 2.03 66.15 61.15 63.21 
+0.075 1.38 67.53 62.27 63.19 
+0.045 3.71 71.24 61.71 63.12 
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-0.045 28.76 100.00 53.17 60.26 
Total 100.00  60.26  
Bulk   60.27  

 

2.2.2 Detail Chemical Analysis 

The detailed chemical analysis, LOI along with the trace elements of the bulk sample was 

carried out.  The result is given in the Table 2.2. The major impurity is quartzite and 

aluminum oxide. The hematite percent in the ore is about 86.19 %.  

Table 2.2 
Detail chemical analysis of the bulk sample  

 
Details Percentage 
Fe (T) 60.27 
Fe2O3 86.19 
SiO2 3.36 
Al2O3 4.46 
CaO 0.13 

Cr2O3 0.006 
CuO 0.005 
K2O 0.066 
MgO 0.032 
MnO2 0.029 
Na2O 0.01 
NiO 0.004 
P2O5 0.004 
PbO 0.008 
TiO2 0.126 
V2O5 0.018 
ZnO 0.014 
LOI 5.31 

 

2.3 Mineralogical Study 

Mineralogical study of the bulk sample was carried out by using X-ray diffraction study. 

This study gives the qualitative mineralogical identification of different phases present with 

their textures.  
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2.3.1 XRD Study 

XRD study was carried out on the representative bulk sample to determine the major 

minerals present in the sample. The XRD result is shown in Fig. 2.1 It indicates that the 

bulk sample have hematite as the major mineral phase and other minerals are goethite, 

quartz and kaolinite. 

 

H: Hematite, Go: Goethite, Q: Quartz, K: Kaolinite 
Fig. 2.1 XRD study of bulk sample 
 

2.4 Sequential Heating Analysis of Bulk Sample 

The sequential heating at different temperature was carried out using muffle furnace for 

bulk sample to determine the association of minerals like goethite, gibbsite, kaolinite and 

overall LOI content. The result of sequential heating is given in Table 2.3. Based on weight 

loss at different temperatures, percentage of goethite, gibbsite and kaolinite were 

calculated. The percentage of water loss during 108oC to 450oC is used to calculate the 

percentage of goethite and gibbsite mineral. The percentage of water loss during 450oC 

850oC is used to calculate the percentage of kaolinite mineral. The percentage of water loss 

during 850oC 950oC is used to calculate the percentage of carbonate minerals. 
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Mineralogical characteristion study carried out by using both heating cycle and chemical 

analysis is given Table 2.4. 

Table 2.3 
LOI at different temperature by sequential heating cycle of bulk sample 

 
400°C 850°C  950°C Total LOI, % 
4.11 1.15 0.05 5.31 

 
Table 2.4 

Mineralogical characteristics study by using heating cycle and chemical analysis 

 

2.5. Estimation of Bond Work Index 

2.5.1 Sample Preparation  

Around 30 kg of representative bulk sample was taken and screened at 3.36 mm size. The 

+3.36 mm size was crushed to below 3.36 mm size by using roll crusher. Then, it was 

thoroughly mixed and the representative sample was drawn for grindiability study for 

determination of Bond Work Index (BWI).  

2.5.2 Ball Mill Grindiability Process 

Grindiability study was carried out as per the standard procedure described by Bond. The 

Bond ball mill work index determination is carried out in a standard test mill and under 

standard conditions. The test mill has an internal diameter of 12 inch and length is also 12 

inch. It has a smooth lining with rounded corners, no lifters except for a 4” X 8” hand hole 

lid for charging.  

It has a revolution counter and runs at 70 rpm. The grinding charge consists of 285 iron 

balls weighing 20.125 kg. It consists of about 43 numbers of 1.45” balls, 67 numbers of 

1.17” balls, 10 numbers of 1” balls, 71 numbers of 0.75” balls and 94 numbers 0.61” balls 

with a calculated surface area of 842 sq inch. 

The standard feed was prepared by passing all through 3.36 mm size. It was packed by 

shaking in a 1000 cc graduated cylinder, and the weight of 700 cc was placed in the mill 

Heating Cycle Analysis Hematite, % Goethite, % Kaolinite, % Gibbsite, % 
55.86 33.92 8.24 1.92 

Chemical Analysis Fe(T), % LOI, % Al2O3, % SiO2, % 
60.27 5.31 4.46 3.36 
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and ground dry at 250 percent circulating load.  After the first grinding period of 100 

revolutions, the mill was dumped; the ball charge was screened out and 700 cc of material 

was screened on 150 mesh (100 micron) with coarser protecting sieves if necessary. The 

undersize was weighed and fresh unsorted feed was added to oversize to bring its weight 

back to that of original charge. Then it was returned on to the balls in the mill and ground 

for the number of revolutions calculated from the results of the previous period to produce 

sieve undersize equal to 1/3.5 of the total charge in the mill. The grinding period cycles 

were continued until the net grams of sieve undersize produced per mill revolution reaches 

equilibrium and reverses its direction of increase or decrease. Then the undersize product 

and circulating load were screen analyzed, and the average of the last three net grams per 

revolution (Gbp) was the mill grindiability. When F is the size in microns which 80 percent 

of the new ball mill feed passes, P is the microns which 80 percent of the last cycle sieve 

undersize product passes, and P1 is the opening in microns of sieve size tested (100 micron), 

then the ball mill work index Wi is calculated from the following revised equation; 

W. I.  = 44.5 / {(Pi)0.23 X (Gbp)0.82 X 10 (1 / √P - 1/√F)}   (2.1) 

2.5.3 Bond Work Index of Bulk Sample 

The representative iron ore bulk sample was taken for grindability study as per Bond’s 

method. The size analysis of the crushed product for grindability study was carried and the 

results are given in the Table 2.5. It was found that d80 of the feed material was 1860 micron. 

The grindability study was carried for 100 micron test sieve. The weight of the 700 cc of 

material was 1630 gm. For 250 percent circulating load, 466 gm of -100 micron particles 

are to be produced at equilibrium revolution. To reach the equilibrium revolution a number 

of tests were carried out. At the equilibrium stage, Gbp was 2.27.  

The size analysis of -100 micron product was carried out. The size analysis of product is 

given in the Table 2.6. The overall grindability result of bulk Sample is given in Table 2.7. 

The particle size distribution of feed and product is depicted in Fig. 2.2 and 2.3 respectively. 

The d80 of the ball mill product was 78.5 micron. Then according to Equation, W.I. was 

calculated and it was found 8.8 kWh/short ton. It was converted to normal tonne and WI 

value is 9.7 kWh/tonne.  
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Wi = (44.5)/((P1)0.23 X (Gbp)0.82 (10/√P – 10/√F)) 

      =(44.5)/((100)0.23 X (2.27)0.82 (10/√78.5– 10/√1860)) 

     = 8.8 kWh/short ton 

     = 8.8 X 1.1 = 9.7 kWh/tonne 

The bond work index of the sample is determined to be 9.7 kWh/tonne. 

Table 2.5 
Feed size analysis  

 
Size, micron Cum. Wt., % Passing 

3360 100.00 
2000 83.40 
1400 64.51 
1000 55.85 
850 48.64 
500 40.71 
212 33.92 
150 27.97 
100 23.80 

 
Table 2.6 

Size analysis of ground product 
 

Size, micron Cum Wt., % Passing 
100 100.00 
75 76.50 
63 57.00 
45 39.50 
38 22.50 

 
Table 2.7 

Results of gram per revolution 
 

No. of 
revolutions 

100micron 
produced (g) 

100micron in 
the feed (g) 

Net -100micron 
produced (g) 

Grindability 
(g/rev.) 

100 632 268 364 3.640 
100 458 103.9 354 3.558 
110 398 75.3 323 2.937 
136 414 65.4 349 2.555 
156 436 68.1 368 2.361 
167 452 71.7 380 2.276 
172 462 74.3 388 2.252 
173 471 76.0 395 2.280 
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Fig. 2.2 Particle size distribution of feed 
 
 
 

 
Fig. 2.3 Particle size distribution of product 
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2.5.4 Bond Work Index of Screw Scrubber Underflow Sample 

The representative screw scrubber underflow sample was taken for grindability study as 

per Bond’s method. The size analysis of the crushed product for grindability study was 

carried and the result is given in the Table 2.8. It was found that d80 of the feed material 

was 1870 micron. The grindability study was carried for 100 micron test sieve. The weight 

of the 700 cc of material was 1610 gm. For 250 percent circulating load, 460 gm of below 

100 micron particles are to be produced at equilibrium revolution. To reach the equilibrium 

revolution a number of tests were carried out. At the equilibrium stage, Gbp was 1.972. 

The size analysis of below 100 micron product was carried out. The size analysis of product 

is given in the Table 2.9. The overall grindability result of screw scrubber underflow is 

given in Table 2.10. The particle size description of feed and product is depicted in Fig. 2.4 

and 2.5 respectively. The d80 of the ball mill product was 80 micron. Then according to 

equation, W.I. was calculated and it was found 10.0 kWh/short ton. It was converted to 

normal tonne and WI value is 11.0 kWh/tonne.  

Wi = (44.5)/((P1)0.23 X (Gbp)0.82 (10/√P – 10/√F)) 

      =(44.5)/((100)0.23 X (1.972)0.82 (10/√80– 10/√1870)) 

     = 10.0 kWh/short ton = 10.0 X 1.1 = 11.0 kWh/tonne 

The bond work index of the sample is determined to be 11.0 kWh/tonne. 

Table 2.8 
Feed size analysis  

 
Size, micron Cum. Wt., % Passing 

3360 100.00 
2000 83.09 
1400 56.91 
1000 43.09 
850 33.70 
500 25.80 
212 15.93 
150 10.12 
100 6.42 
-100 0.00 
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Table 2.9 
Size analysis of ground product 

 
Size, micron Cum Wt., % Passing 

100 100.00 
75 74.50 
63 55.00 
45 39.00 
38 27.50 
-38 0.00 

 
Table 2.10 

Results of gram per revolution 
 

No. of 
revolutions 

100micron 
produced (g) 

100micron in 
the feed (g) 

Net -100micron 
produced (g) 

Grindability 
(g/rev.) 

100 332 156 176 1.760 
243 512 32.2 480 1.972 
208 458 49.6 408 1.960 
212 462 44.4 418 1.967 
211 461 44.8 416 1.970 
211 461 44.7 416 1.972 
211 460 44.7 415 1.970 
211 460 44.6 415 1.968 
210 460 44.8 415 1.977 

 
 

 
Fig. 2.4 Particle size distribution of feed 
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Fig. 2.5 Particle size distribution of product 
 

 

2.6 Bulk Density  

Bulk density is the weight of material in air per unit volume. It is measured by the help of 

a square sized metal container having length of each side 300 mm. Bulk density is evaluated 

by weighing a precisely measured known volume of ore sample. Natural moisture content 

is determined as per IS: 2720 (part 2) -1973. The bulk density of -10 mm sized sample is 

1.997 kg/m3 and its bulk density after being tapped is 2.242 kg/m3.  

2.7 Beneficiation Studies 

The beneficiation study of the iron ore sample was carried out based on their mineralogy. 

According to size analysis studies, it contains good number of fine particles which may be 

iron phase minerals along with clay particles. In general, the fine clay particles are coated 

on the surface of the coarse particles. These clay minerals are responsible to increase the 

viscosity of slurry due to their swelling characteristics during the beneficiation process. 

Hence, it is essential to remove at the beginning of the process by scrubbing technique and 

discard as the reject. Hence the remaining materials can be processes smoothly for up-
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gradation of iron values by physical beneficiation. As it contains 28.76% of below 45 

microns and the top size is below 10mm, hence for attrition of particles, screw scrubber 

process is most suitable. This equipment also classifies simultaneously the fine particles in 

a single stage. The laboratory screw scrubber was used for desliming the slime particles at 

the feed rate of 200 kg/hr using water to solid ratio of 70:30. The screw scrubber gives two 

products i.e., overflow (slimes) and underflow (coarse particles). The sample was fed to 

the screw scrubber. The Fe content of scrubber underflow could be achieved to 63.61% 

with overall yield of 60.00% and overflow fraction contained 55.31% Fe with overall yield 

of 40.00%.  The result of screw scrubber is given in the Table 2.11. The result shows that 

screw scrubber underflow is one of the final product and overflow need to be further 

processed. Attempt was made to enhance the grade of scrubber underflow by further 

process. 

Table 2.11 
Screw scrubber study of bulk sample 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

Underflow 60.00 60.00 63.61 63.61 
Overflow 40.00 100.00 55.31 60.29 

Total 100.00  60.29  
 

The underflow of screw scrubber was further classified into two different size fractions viz. 

(-10+1mm, and -1mm). The Fe content of -10+1 mm size could be achieved to 63.95% 

with overall yield of 36.16%. The Fe content of -1 mm size could be achieved to 63.10% 

with overall yield of 23.84%. The result of classified sample is given in Table 2.12. The 

result shows -10+1 mm is having slightly more higher Fe value compared to -1mm size 

fraction.  

Table 2.12 
Size classification of screw scrubber underflow 

 
Size, mm Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

-10+1 36.16 36.16 63.95 63.95 
-1 23.84 60.00 63.10 63.61 

Total 60.00  63.61  
 

The -10+1 mm size fraction of sample was processed in the batch type laboratory jig 

(Supplied by All Minerals, Germany). In each batch around 50kg sample was taken during 
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experiment. It is a hydraulic jig operated with pneumatic control pulsating system. The 

pulse frequency was kept 60 cycle per minute and air flow rate 0.3 to 0.4 bar. The screen 

aperture used for bed was 1 mm size.  After 30 minutes the material was collected from the 

chamber in layer by layer from top to bottom at particular thickness.  The concentrate 

(Layer 1, Layer 2 and Layer 3) obtained by jigging of -10+1 mm fraction contains 64.68% 

Fe with yield of 39.15% and tailings contains 46.88% Fe with yield of 1.68%. The jigging 

study of -10+1 mm sample is given in the Table 2.13.  

 
Table 2.13 

Jigging study on -10+1 mm size fraction material 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Layer 1 28.09 28.09 65.26 65.26 
Layer 2 8.07 36.16 63.51 64.87 
Layer 3 2.99 39.15 62.36 64.68 
Layer 4 1.68 40.82 46.88 63.95 
Total 36.16  63.95  

 

The -1 mm size samples was processed in the spiral concentrator. Roughing and cleaning 

operations were carried out to enrich the concentrate grade. In both operations of roughing 

and scavenging, 30% solid concentration was maintained. The capacity of spiral 

concentrator is 1 tonne per hour. The Fe content of rougher concentrate could be achieved 

to 64.36% with overall yield of 19.51%. The Fe contains of scavenging concentrate, 

scavenging tailings and tailing fines could achieved 62.65%, 59.82% and 54.87% with 

overall yield 0f 4.33%, 3.94 % 1.18% respectively. The result of spiral concentrator is given 

in the Table 2.14.  

 
Table 2.14 

 Spiral study of -1mm size fraction material 
 

Details Wt., % Cum Wt., % Fe, % Cum. Fe, % 
Rougher Concentrate 19.51 19.51 64.36 64.36 
Scavenging Concentrate 4.33 23.84 62.65 64.05 
Scavenging Tailings 3.94 27.78 59.82 63.45 
Tailing Fines 1.18 28.97 54.87 63.10 
Total 23.84  63.10  

 

The -10+1 mm size was further classified in two different size fractions viz. (-10+5 mm, 

and -5+1mm). The Fe content of -10+5 mm size could be achieved to 64.5% with overall 
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yield of 18.12%. The Fe content of -5+1 mm size could be achieved to 63.40% with overall 

yield of 18.04%. The result of classified sample is given in Table 2.15.  

Table 2.15 
Size classification of -10+1 mm fraction 

 
Size, mm Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

-10+5 18.12 18.12 64.50 64.50 
-5+1 18.04 36.16 63.40 63.95 
Total 36.16  63.95  

 

The -10+5 mm and -5+1 mm size fraction of samples were processed in the batch type 

laboratory jig. In each batch around 50kg sample was taken for experiment. The pulse 

frequency was kept 60 cycle per minute and air flow rate 0.3 to 0.4 bar. The screen aperture 

used for bed was 1 mm size.  After 30 minute the material was collected from the chamber 

in layers from top to bottom at particular thickness.  The concentrate (Layer 1, Layer 2 and 

Layer 3) obtained by jigging of -10+5 mm fraction contains 65.23% Fe with yield of 

17.44% and tailings contains 46.10% Fe with yield of 0.69%. The jigging study of -10+5 

mm sample is given in Table 2.16. The concentrates (Layer 1, Layer 2 and Layer 3) 

obtained by jigging of -5+1 mm fraction contains 64.62% Fe with yield of 16.80% and 

tailings contains 46.81% Fe with yield of 1.24%. The jigging study of -5+1 mm sample is 

given in Table 2.17.  

 
Table 2.16 

Jigging study on -10+5 mm size fraction material 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Layer 1 13.88 13.88 65.51 65.51 
Layer 2 2.53 16.41 64.70 65.39 
Layer 3 1.03 17.44 62.71 65.23 
Layer 4 0.69 18.12 46.10 64.50 
Total 18.12  64.50  

 
Table 2.17 

Jigging study on -5+1 mm size fraction material 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Layer 1 12.91 12.91 65.1 65.10 
Layer 2 2.09 15.00 63.5 64.88 
Layer 3 1.80 16.80 62.52 64.62 
Layer 4 1.24 18.04 46.81 63.40 
Total 18.04  63.40  
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The overflow of screw scrubber is to be deslimed by hydrocyclone to remove the ultrafine 

gangue minerals directly. The screw scrubber overflow sample was fed to the rougher 

hydrocyclone. The hydrocyclone gives two products i.e., overflow (very ultrafine slimes 

particle) and underflow (fine coarse particles). The Fe content of hydrocyclone underflow 

could be achieved to 60.71% Fe with overall yield of 20.93% and overflow fraction 

contained 49.39% Fe with overall yield of 19.07%. The rougher hydrocyclone overflow 

sample was fed to the scavenging hydrocyclone at the density 1040 kg/m3. The Fe content 

of scavenger hydrocyclone underflow could be achieved to 56.98% Fe with overall yield 

of 6.54% and overflow fraction contained 45.43% Fe with overall yield of 12.52%. The 

rougher and scavenging hydrocyclone study are given in Table 2.18 and 2.19.   

Table 2.18 
Rougher hydrocyclone study of screw scrubber overflow 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

Underflow 20.93 20.93 60.71 60.71 
Overflow 19.07 40.00 49.39 55.31 

Total 40.00  55.31  
 
 

Table 2.19 
Scavenging hydrocyclone study  

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

Underflow 6.54 6.54 56.98 56.98 
Overflow 12.52 19.07 45.43 49.39 

Total 19.07  49.39  
 

If the overflow of hydrocyclone contains ultrafine hematite particles and are not the 

discardable, then the screw scrubber overflow will be beneficiated directly using 

WHIMS/HGMS. 

The overflow of screw scrubber was fed to HGMS (supplied by LONGI). The magnetic 

intensity of LONGI is 12000 gauss. The feed density was kept at 1.06 kg/m3. The Fe content 

of the rougher magnetic fraction of LONGI could be achieved to 61.99% Fe with overall 

yield of 22.65% whereas non-magnetic fraction contains 45.04% Fe with overall yield of 

13.12%. The rougher non-magnetic fraction was fed to the scavenging LONGI. The Fe 

content of the scavenging magnetic fraction of LONGI could be achieved to 56.10% Fe 

with overall yield of 1.04% and non-magnetic fraction contains 41.02% Fe with overall 
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yield of 2.60%. The rougher and scavenging magnetic separation results are given in Table 

2.20and 2.21.   

Table 2.20 
LONGI study of screw scrubber overflow 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Concentrate 22.65 22.65 61.99 61.99 
Middlings 4.23 26.88 51.45 60.33 
Tailings 13.12 40.00 45.04 55.31 
Total 40.00  55.31  

 
Table 2.21 

LONGI scavenging study  
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Concentrate 3.15 3.15 56.10 56.10 
Middlings 2.10 5.25 43.51 51.06 
Tailings 7.87 13.12 41.02 45.04 
Total 13.12  45.04  

 
The rougher and scavenging hydrocyclone underflow were blended together and given 

in Table 2.22. The blended material fed to LONGI. The intensity of magnetic separator 

(Longi) having 12000 gauss in pilot scale. The result of rougher LONGI study is given 

in the Table 2.23. The Fe content of the rougher magnetic fraction could be enhanced to 

63.83%Fe with overall yield of 19.21%. The rougher middling could be achieved 

62.97%Fe with overall Yield of 2.59% and non-magnetic fraction from rougher tailings 

contains 44.80%Fe with overall yield of 5.67%. The rougher tailings of LONGI was 

further fed to scavenger stage of LONGI. The Fe content of the scavenging magnetic 

fraction could be enhanced to 58.69%Fe with overall yield of 2.46%. The scavenging 

middling contains 45.31%Fe with overall Yield of 0.45% and non-magnetic fraction 

from scavenging tailings contains 32.39%Fe with overall yield of 2.77%. The result of 

scavenger LONGI is given in the Table 2.24. 

 
Table 2.22 

Blending of hydrocyclone underflows 
 

Details Wt., % Cum Wt., % Fe, % Cum. Fe, % 
Rougher hydrocyclone underflow 20.93 20.93 60.71 60.71 
Scavenging hydrocyclone underflow 6.54 27.48 56.98 59.82 
Total 27.48  59.82  
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Table 2.23 
LONGI study of blended product 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Concentrate 19.21 19.21 63.83 63.83 
Middlings 2.59 21.80 62.97 63.73 
Tailings 5.67 27.48 44.80 59.82 
Total 27.48  59.82  

 
Table 2.24 

LONGI scavenging study  
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Concentrate 2.46 2.46 58.69 58.69 
Middlings 0.45 2.90 45.31 56.63 
Tailings 2.77 5.67 32.39 44.80 
Total 5.67  44.80  
 

The overflow of hydrocyclone was fed to LONGI. The magnetic intensity of LONGI is 

12000 gauss. The result of rougher LONGI study is given in the Table 2.25. The Fe 

content of the rougher magnetic fraction could be enhanced to 53.35%Fe with overall 

yield of 3.37%. The rougher middling could be achieved 48.52%Fe with overall Yield 

of 0.72% and non-magnetic fraction from rougher tailings contains 42.00%Fe with 

overall yield of 8.43%. The rougher tailings of LONGI was further fed to scavenger 

LONGI. The Fe content of the scavenging magnetic fraction could be enhanced to 

47.47%Fe with overall yield of 1.92%. The scavenging middling contains 42.27%Fe 

with overall Yield of 0.55% and non-magnetic fraction from scavenging tailings 

contains 40.21%Fe with overall yield of 5.96%. The result of scavenger LONGI is given 

in the Table 2.26. 

 
Table 2.25 

LONGI study of hydrocyclone overflow 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Concentrate 3.37 3.37 53.35 53.35 
Middlings 0.72 4.09 48.52 52.50 
Tailings 8.43 12.52 42.00 45.43 
Total 12.52  45.43  
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Table 2.26 
LONGI scavenging study  

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Concentrate 1.92 1.92 47.47 47.47 
Middlings 0.55 2.47 42.27 46.31 
Tailings 5.96 8.43 40.21 42.00 
Total 8.43  42.00  

 
 
Based on the above study and considering on the quality and quantity on the final product, 

following process were carried out. The beneficiation study was carried out by using screw 

scrubbing of the ROM sample followed by the magnetic separation of the screw scrubber 

overflow. The results are given in the Table 2.27 and Table 2.28. The overall product is 

given in the Table 2.29 and the overall reject is given in the Table 2.30. The chemical 

analysis of the product and reject are given in the Table 2.31 and 2.32 respectively and the 

process flowsheet is shown in Figure 2.8. 

 
Table 2.27 

Scrubbing study of bulk sample 
 

Details Wt., % Cum Wt., % Fe, % Cum. Fe, % 
Underflow 60.00 60.00 63.61 63.61 
Overflow 40.00 100.00 55.31 60.29 

Total 100.00  60.29  
 

Table 2.28 
Magnetic separation study of screw scrubber overflow 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

Mag 22.65 22.65 61.99 61.99 
Middling 4.23 26.88 51.45 60.33 
Non-Mag 13.12 40.00 45.04 55.31 

Total 40.00  55.31  
 

Table 2.29 
Overall products 

 
Details Wt., % Fe, % 

Screw Scrubber underflow 60.00 63.61 
Rougher MS Conc. 22.65 61.99 

Total 82.65 63.17 
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Table 2.30 
Overall rejects 

 
Details Wt., % Fe, % 

Rougher Middling 4.23 51.45 
Rougher Tailings 13.12 45.04 

Total 17.35 46.60 
 

Table 2.31 
Chemical analysis of the product 

 
Details Scrubber U/F Magnetic Conc. Overall 
Fe (T) 63.61 61.99 63.17 
Fe2O3 90.96 88.65 90.33 
SiO2 2.23 3.55 2.59 
Al2O3 1.61 2.06 1.73 
LOI 4.37 5.09 4.57 

 
Table 2.32 

Chemical analysis of the reject 
 

Details Percentage 
Fe (T) 46.60 
Fe2O3 66.64 
SiO2 7.03 
Al2O3 17.46 
LOI 8.80 

 

XRD study was carried out on the product and reject sample to determine the major 

minerals present in the samples. The XRD results are shown in Fig. 2.6 and 2.7. It indicates 

that the product sample have hematite as the major mineral phase and other minerals are 

goethite, quartz and kaolinite; while the reject sample have hematite as the major mineral 

phase and other minor minerals are quartz, goethite, cristobilite and quartz. 
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H: Hematite, Go: Goethite, Q: Quartz, K: Kaolinite; Ch: Chantalite 
Fig. 2.6 XRD study of product sample 

 

 

H: Hematite, Go: Goethite, Q: Quartz, K: Kaolinite, Cr: Cristobilite 
Fig. 2.7 XRD study of reject sample 
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Fig. 2.8 Process flowsheet for washing of low grade iron ore of Nuagoan
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2.8 Pressure Filtration Study 

The pressure filtration study of magnetic separation concentrate and magnetic separation 

tailings were carried out by using Diemme Filter press and the results are given in Table 

2.32 and Table 2.33 respectively. 

 

 
 

Fig. 2.9 Pilot scale pressure filter set up 

Table 2.32 
Pressure filtration result of magnetic separation concentrate 

 
Parameters Exp. 1 

Solid % in feed 60 
Feeding time, min 11 
Feeding pressure, bar 6 
Air purging time, min 9 
Air purging pressure, bar 7 
Squeezing time, min 5 
Squeezing pressure, bar 11 
Total filtration time, min 22 
Weight of cake (Wet), Kg 66 
Cake Thickness, mm 25 
Filtrate (water) 35 
Cake moisture, % 16 
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Table 2.33 
Pressure filtration result of magnetic separation tailings 

 
Parameters Exp. 1  

Solid % in feed 30 
Feeding time, min 15 
Feeding pressure, bar 7 
Air purging time, min 10 
Air purging pressure, bar 8 
Squeezing time, min 10 
Squeezing pressure, bar 13 
Total filtration time, min 35 
Weight of cake (Wet), Kg 25 
Cake Thickness, mm 18 
Filtrate (water) 40 
Cake moisture, % 21.6 

 
2.9 Settling Studies 

2.9.1 Materials Preparation 

After processing of the iron ore, the tailing and concentrate samples were taken for the 

settling study to provide the basic data for design of thickeners for tailings and concentrate.  

2.9.2 Experimental Method 

The settling study was carried out in a graduated measuring cylinder of 1 liter capacity.  

Different solid concentration like 20% to 35% in increment of 5% of concentrate and 5% 

to 10% in the increment of 2.5% tailing samples are prepared.  The pH of the concentrate 

sample was maintained at 6.5 and the pH of tailing is 6.5. This is due to pH as the received 

in the process. The interface height was observed against the time intervals. The interface 

level with respect to time was recorded in each case.  

2.9.3 Results and Discussion 

The settling study was carried out on concentrate sample at different solids concentration 

of 20%, 25%, 30% & 35%. The pH of the sample was kept at 6.5 as the sample was received 

from the process at the same pH.  The results of experiments were shown in Figures 2.10 

to 2.14. It has been observed that the settling rate decreases with increasing of solid 

percentage. In case of 20% of solid concentration, the settling rate is 2.0 m/hr. Different 
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dosses of flocculent was used to enhance the settling rate of solid. Very low doses of 

flocculent is required at lower solid concentration to get satisfactory results to design the 

conventional thickener. At higher solid concentration, the flocculent dosage requirement is 

little high.  

 

Fig. 2.10 Settling study of iron ore concentrate at different solid concentration 

 

Fig. 2.11 Iron ore concentrate settling study at 20% solid concentration with different 
doses of flocculent 
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Fig. 2.12 Iron ore concentrate settling study of 25% solid concentration with different 
doses of flocculent. 

 

Fig. 2.13 Iron ore concentrate settling study of 30% solid concentration with different 
doses of flocculent. 
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Fig. 2.14 Iron ore concentrate settling study of 35% solid concentration with different 
doses of flocculent 

Similarly settling studies of iron ore tailings were carried out at different concentration of 

5%, 7.5% and 10%. The tests were carried out without and with addition of flocculent. The 

tests results are shown in Figure 2.15 to 2.18. It has been observed that the settling rate 

decreases with increasing of solid percentage. In case of 5% of solid concentration, the 

settling rate is 2 m/hr whereas in case 15 %, the settling rate is 0.8 m/hr. The flocculent rate 

was varied from 6.52 gm/tonne to 30 gm/tonne of solid. The settling rate with flocculent is 

very high at lower solid concentration. It indicates that after 5% solid concentration, the 

flocculent may require at lower dosage to enhance the settling rate. At higher solid 

concentration, the flocculent dosage requirement is high. At 10% solid concentration, the 

settling rate is very poor even after adding the flocculent. 

 

Fig. 2.15 Iron ore tailings settling study of different solid concentration 
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Fig. 2.16 Iron ore tailings settling study at 5% solid concentration with different doses of 
flocculent 

 

Fig. 2.17 Iron ore tailings settling study at 7.5% solid concentration with different doses 
of flocculent 
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Fig. 2.18 Iron ore tailings settling study at 10% solid concentration with different doses of 
flocculent 

2.10 Conclusions 

The results of settling studies indicate the following observations; 

1. The settling rate in case of tailings sample is very slow due to presence of ultra-fine 

clay minerals. Because of its surface charge, those try to remain in dispersion mode. 

The flocculent helps to neutralize the surface charge and make agglomerates the 

ultra-fine particles, as a result, the settling rate enhances.  

2. The settling rate for conventional thickener design is required around 20 cm within 

5-6 minutes. The above results are matching these phenomena.   

3. For concentrate sample, small dose of flocculants was required to be added as there 

was less clay mineral compared to the tailings. 
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Annexure I.A 
Material Balance of Process (Nuagaon Iron ore)  

 

 
Basis: 100 TPH       
 
1. Screw Scrubber 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Pump Box I (O/F of Screw scrubber) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water:   226.00 TPH 
 

 
Screw Scrubber 

Solid  :     100.00 TPH 
Water :        7.00 TPH 
Fe       :      60.29% 
S.D.    :     100.0 % 
 

Solid :   40.00 TPH 
Water:   218.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :  60.00 TPH 
Water:  15.00 TPH 
 Fe      : 63.61% 
 S.D.   : 60.00 % 
 

O/F 
 

U/F 
 

 
Pump Box I for O/F of 

Screw scrubber 

Solid :   40.00 TPH 
Water: 218.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :   40.00 TPH 
Water: 218.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
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3. Intermediate Thickener   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Slurry Pump I (U/F of intermediate thickener) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Intermediate Thickener   Water: 158.00 TPH 

 

Solid :   40.00 TPH 
Water: 218.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :   40.00 TPH 
Water:   60.00TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

 
Slurry pump (U/F of 

Intermediate Thickener) 

Solid :   40.00 TPH 
Water:   60.00TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :   40.00 TPH 
Water:   60.00TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
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5. High Intensity Magnetic Separator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Tailing Thickener  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
High Intensity Magnetic 

Separator 

Tailings 

Conc. 

 
Tailing Thickener Water: 130.15 TPH 

 

Solid :    17.35 TPH 
Water:  156.15 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Water:  149.00 TPH 
 

Solid :   17.35 TPH 
Water:   26.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   22.65 TPH 
Water:   52.85 TPH 
Fe      :   61.99% 
S.D.   :   22.65 % 
 

Solid :   40.00 TPH 
Water:   60.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :    17.35 TPH 
Water:  156.15 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
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7. Slurry Pump II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Tailings Pond 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Slurry pump II 

 
Tailings pond 

Solid :   17.35 TPH 
Water:   26.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   17.35 TPH 
Water:   26.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   17.35 TPH 
Water:   26.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   17.35 TPH 
Water:   13.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Recovered Water:   13.00 TPH 
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9. Vibrating Screen (1 mm size) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. Hydrocyclone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Hydrocyclone 

U/F 

O/F 

 
1mm Vibrating Screen 

Solid :     36.16 TPH 
Water:      9.04 TPH 
Fe      :    63.95 % 
S.D.   :    36.16% 
 

Water:   45.00 TPH 
 

U/S 

O/S 

Solid :   23.84 TPH 
Water:   50.96 TPH 
 Fe      :  63.10% 
 S.D.   : 23.84% 
 

Solid :  60.00 TPH 
Water:  15.00 TPH 
 Fe      : 63.61% 
 S.D.   : 60.00 % 
 

Solid :   23.84 TPH 
Water:   50.96 TPH 
 Fe      :  63.10% 
 S.D.   :  23.84% 
 

Solid :   19.07 TPH 
Water:   12.71 TPH 
 Fe      :  63.35% 
 S.D.   :  19.07% 
 

Solid :    4.77 TPH 
Water:   38.25 TPH 
 Fe      :  62.10% 
 S.D.   :   4.77% 
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11. Concentrate Thickener 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. Slurry Pump II for Concentrate Thickener 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Concentrate Thickener Water: 72.82 TPH 

 

 
Slurry pump II 

Solid :    27.42 TPH 
Water:   18.28 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
 

Solid :   22.65 TPH 
Water:   52.85 TPH 
Fe      :   61.99% 
S.D.   :   22.65 % 
 

Solid :    4.77 TPH 
Water:  38.25 TPH 
 Fe      :  62.10% 
 S.D.   :   4.77% 
 

Solid :    27.42 TPH 
Water:   18.28 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
 

Solid :   27.42 TPH 
Water:   18.28 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
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13. Pump Box II (Blended Product) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14. Pressure Filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pump Box II for Blended 

Product 
Solid :   46.49 TPH 
Water:   30.99 TPH 
Fe      :   62.56 % 
S.D.   :   46.49% 
 

 
Pressure Filter 

Cake 

Water: 25.83 TPH 
 

Solid :    27.42 TPH 
Water:   18.28 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
 

Solid :   19.07 TPH 
Water:   12.71 TPH 
 Fe      :  63.35% 
 S.D.   :  19.07% 
 

Solid :   46.49 TPH 
Water:   30.99 TPH 
Fe      :   62.56 % 
S.D.   :   46.49% 
 

Solid :   46.49 TPH 
Water:     5.16 TPH 
Fe      :   62.56 % 
S.D.   :   46.49% 
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Water Balance 
 

A. Water Handling 
 

Sl. No. List of Equipment Water Addition, TPH 
1 Bulk Sample 7.00 
2 Screw Scrubber 226.00 
3 Vibrating Screen 45.00 
4 Magnetic Separator  149.00 

Total 427.00 
 

 
B. Water Recovered  
 

Sl. No. List of Equipment Water recovered, TPH 
1 Intermediate Thickener  158.00 
2 Concentrate Thickener 72.82 
3 Pressure Filter 25.83 
4 Tailings Thickener 130.15 
5 Tailing Pond 13.00 

Total 399.80 
 

 
C. Water Contains in Products 
 

Sl. No. Name of the Product Water Contain, TPH 
1 Pressure Filter 5.16 
2 Vibrating screen 9.04 
3 Tailing pond 13.00 

Total 27.20 
 

 
D. Make up water 
 

Sl. No. Name of the Product Water Contain, TPH 
1 Water content in products 14.20 
2 Water content in tailings 13.00 
3 1% of handling loss   4.27 

Total 31.47 
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Annexure I.B 
Material Balance of Process (Nuagaon Iron ore)  

 

 
Basis: 650 TPH       
 
1. Screw Scrubber 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Pump Box I (O/F of Screw scrubber) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water:   1469.00 TPH 
 

 
Screw Scrubber 

Solid  :     650.00 TPH 
Water :       45.50 TPH 
Fe       :      60.29% 
S.D.    :     100.0 % 
 

Solid :   260.00 TPH 
Water:   1417.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :  390.00 TPH 
Water:  97.50 TPH 
 Fe      : 63.61% 
 S.D.   : 60.00 % 
 

O/F 
 

U/F 
 

 
Pump Box I for O/F of 

Screw scrubber 

Solid :   260.00 TPH 
Water: 1417.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :   260.00 TPH 
Water: 1417.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
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3. Intermediate Thickener   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Slurry Pump I (U/F of intermediate thickener) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Intermediate Thickener   Water: 1027.00 TPH 

 

Solid :   260.00 TPH 
Water: 1417.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :   260.00 TPH 
Water:   390.00TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

 
Slurry pump (U/F of 

Intermediate Thickener) 

Solid :   260.00 TPH 
Water:   390.00TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :   260.00 TPH 
Water:   390.00TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
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5. High Intensity Magnetic Separator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Tailing Thickener  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
High Intensity Magnetic 

Separator 

Tailings 

Conc. 

 
Tailing Thickener Water: 845.97 TPH 

 

Solid :    112.77 TPH 
Water:  1014.97 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Water:  968.50 TPH 
 

Solid :   112.77 TPH 
Water:   169.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   147.23 TPH 
Water:   343.53 TPH 
Fe      :   61.99% 
S.D.   :   22.65 % 
 

Solid :   260.00 TPH 
Water:   390.00 TPH 
Fe      :   55.31% 
S.D.   :   40.00 % 
 

Solid :    112.77 TPH 
Water:  1014.97 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
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7. Slurry Pump II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Tailings Pond 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Slurry pump II 

 
Tailings pond 

Solid :   112.77 TPH 
Water:   169.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   112.77 TPH 
Water:   169.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   112.77 TPH 
Water:   169.00 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Solid :   112.77 TPH 
Water:   84.50 TPH 
Fe      :   46.60% 
S.D.   :   17.35% 
 

Recovered Water:   84.50 TPH 
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9. Vibrating Screen (1 mm size) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. Hydrocyclone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Hydrocyclone 

U/F 

O/F 

 
1mm Vibrating Screen 

Solid :     235.04 TPH 
Water:      58.76 TPH 
Fe      :    63.95 % 
S.D.   :    36.16% 
 

Water:   292.50 TPH 
 

U/S 

O/S 

Solid :   154.96 TPH 
Water:   331.24 TPH 
 Fe      :  63.10% 
 S.D.   : 23.84% 
 

Solid :   154.96 TPH 
Water:   331.24 TPH 
 Fe      :  63.10% 
 S.D.   :  23.84% 
 

Solid :   123.96 TPH 
Water:   82.62 TPH 
 Fe      :  63.35% 
 S.D.   :  19.07% 
 

Solid :    31.00 TPH 
Water:   248.62 TPH 
 Fe      :  62.10% 
 S.D.   :   4.77% 
 

Solid :  390.00 TPH 
Water:  97.50 TPH 
 Fe      : 63.61% 
 S.D.   : 60.00 % 
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11. Concentrate Thickener 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. Slurry Pump II for Concentrate Thickener 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Concentrate Thickener Water: 473.33 TPH 

 

 
Slurry pump II 

Solid :    178.23 TPH 
Water:   118.82 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
 

Solid :   147.23 TPH 
Water:   343.53 TPH 
Fe      :   61.99% 
S.D.   :   22.65 % 
 

Solid :    31.00 TPH 
Water:  248.62 TPH 
 Fe      :  62.10% 
 S.D.   :   4.77% 
 

Solid :    178.23 TPH 
Water:   118.82 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
 

Solid :   178.23 TPH 
Water:   118.82 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
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13. Pump Box II (Blended Product) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14. Pressure Filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pump Box II for Blended 

Product 
Solid :   302.19 TPH 
Water:   201.44 TPH 
Fe      :   62.56 % 
S.D.   :   46.49% 
 

 
Pressure Filter 

Cake 

Water: 167.90 TPH 
 

Solid :    178.23 TPH 
Water:   118.82 TPH 
 Fe      :  62.01% 
 S.D.   :  27.42% 
 

Solid :   123.96 TPH 
Water:   82.62 TPH 
 Fe      :  63.35% 
 S.D.   :  19.07% 
 

Solid :   302.19 TPH 
Water:   201.44 TPH 
Fe      :   62.56 % 
S.D.   :   46.49% 
 

Solid :   302.19 TPH 
Water:     33.54 TPH 
Fe      :   62.56 % 
S.D.   :   46.49% 
 



               Beneficiation Studies of Iron Ore from Nuagaon Iron Ore Mines, Barbil, Odisha 
 

 

48 CSIR – Institute of Minerals and Materials Technology, Bhubaneswar, Odisha, INDIA 
 

 
Water Balance 
 

A. Water Handling 
 

Sl. No. List of Equipment Water Addition, TPH 
1 Bulk Sample 45.50 
2 Screw Scrubber 1469.00 
3 Vibrating Screen 292.50 
4 Magnetic Separator  968.50 

Total 2775.50 
 

 
B. Water Recovered  
 

Sl. No. List of Equipment Water recovered, TPH 
1 Intermediate Thickener  1027.00 
2 Concentrate Thickener 473.33 
3 Pressure Filter 167.90 
4 Tailings Thickener 845.97 
5 Tailing Pond 84.50 

Total 2598.7 
 

 
C. Water Contains in Products 
 

Sl. No. Name of the Product Water Contain, TPH 
1 Pressure Filter 33.54 
2 Vibrating screen 58.76 
3 Tailing pond 84.50 

Total 176.8 
 

 
D. Make up water 
 

Sl. No. Name of the Product Water Contain, TPH 
1 Water content in products 92.30 
2 Water content in tailings 84.50 
3 1% of handling loss  27.76 

Total 204.56 
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Chapter 3 
Characterization, Beneficiation and 

Dewatering Studies of Narayanposhi Sample 
 
3.1 Introduction  

Around 1 tonnes of Iron ore below 10 mm sample was received from Narayanposhi Iron 

ore mines, Barbil, Odisha to carry out the desliming and beneficiation study to develop the 

suitable process flowsheet for production of high-grade iron ore concentrate. Around 100 

kg representative sample was taken by standard coning and quartering method for size 

analysis, chemical analysis, bond work index, mineralogical studies and bulk density of 

bulk sample. The remaining sample was processed for desliming and beneficiation studies.   

3.2 Characterisation Study   

3.2.1 Size & Fe Analysis of Bulk Sample  

The total sample of around 1 tonnes was thoroughly mixed and representative sample was 

drawn by coning and quartering method for size analysis. Then the size analysis with 

respective Fe analysis of bulk sample was carried out and the result is given in Table 3.1. 

The remaining sample was subjected to beneficiation studies. 

Table 3.1 
Size and Fe analysis of bulk sample 

 
Size, mm Wt., % Cum Wt., % Fe, % Cum. Fe, % 

+10  9.48 9.48 63.05 63.05 
+6 20.03 29.51 62.83 62.90 
+3 17.30 46.81 61.70 62.46 
+2 7.09 53.90 61.51 62.33 
+1 13.20 67.09 61.13 62.10 

+0.850 5.68 72.77 60.03 61.93 
+0.500 3.84 76.62 61.64 61.92 
+0.300 3.03 79.65 61.43 61.90 
+0.210 2.93 82.58 60.14 61.84 
+0.150 1.79 84.37 60.24 61.80 
+0.100 1.24 85.61 60.34 61.78 
+0.075 0.45 86.06 60.56 61.78 
+0.045 0.98 87.04 60.22 61.76 
-0.045 12.96 100.00 54.21 60.78 
Total 100.00  60.78  
Bulk   60.76  
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3.2.2 Detail Chemical Analysis 

The detailed chemical analysis, LOI along with the trace elements of the bulk sample was 

carried out. The result is given in the Table 3.2. The major impurity is quartzite and 

aluminum oxide. The hematite percent in the ore is about 86.88 %.  

Table 3.2 
Detail chemical analysis of the bulk sample  

 
Details Percentage 
Fe (T) 60.76 
Fe2O3 86.88 
SiO2 2.75 
Al2O3 4.16 
CaO 0.014 

Cr2O3 0.020 
CuO 0.006 
K2O 0.057 
MgO 0.048 
MnO2 0.072 
Na2O 0.015 
NiO 0.004 
P2O5 0.004 
PbO 0.006 
TiO2 0.004 
V2O5 0.013 
ZnO 0.014 
LOI 6.18 

3.3 Mineralogical Study 

Mineralogical study of the bulk sample was carried out by using X-ray diffraction study. 

This study gives the qualitative mineralogical identification of different phases present with 

their textures.  

3.3.1 XRD Study 

XRD study was carried out on the representative bulk sample to determine the major 

minerals present in the sample. The XRD result is shown in Fig. 3.1 It indicates that the 

bulk sample have hematite as the major mineral phase and other minerals are goethite, 

gibbsite and chromite. 
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H: Hematite, Go: Goethite, Gi: Gibbsite, Cr: Chromite 
Fig. 3.1 XRD study of bulk sample 
 

3.4 Sequential Heating Analysis of Bulk Sample 

The sequential heating at different temperature was carried out using muffle furnace for 

bulk sample to determine the association of minerals like goethite, gibbsite, kaolinite and 

overall LOI content. The result of sequential heating is given in Table 3.3. Based on weight 

loss at different temperatures, percentage of goethite, gibbsite and kaolinite were 

calculated. The percentage of water loss during 108°C to 450°C is used to calculate the 

percentage of goethite and gibbsite mineral. The percentage of water loss during 450°C 

850°C is used to calculate the percentage of kaolinite mineral. The percentage of water loss 

during 850°C 950°C is used to calculate the percentage of carbonate minerals. 

Mineralogical characteristion study carried out by using both heating cycle and chemical 

analysis is given Table 3.4. 

 

 



Beneficiation Studies of Iron Ore from Narayanposhi Iron Ore Mines, Barbil, Odisha 

 

52 CSIR – Institute of Minerals and Materials Technology, Bhubaneswar, Odisha, INDIA 
 

Table 3.3 
LOI at different temperature by sequential heating cycle of bulk sample 

 
400°C 850°C  950°C Total LOI, % 
5.42 0.71 0.05 6.18 

 

Table 3.4 
Mineralogical characteristics study by using heating cycle and chemical analysis 

 

3.5. Estimation of Bond Work Index 

3.5.1 Sample Preparation  

Around 30 kg of representative bulk sample was taken and screened at 4.36 mm size. The 

+3.36 mm size was crushed to below 3.36 mm size by using roll crusher. Then, it was 

thoroughly mixed and the representative sample was drawn for grindiability study for 

determination of Bond Work Index (BWI).  

3.5.2 Ball Mill Grindiability Process 

Grindiability study was carried out as per the standard procedure described by Bond. The 

Bond ball mill work index determination is carried out in a standard test mill and under 

standard conditions. The test mill has an internal diameter of 12 inch and length is also 12 

inch. It has a smooth lining with rounded corners, no lifters except for a 4” X 8” hand hole 

lid for charging.  

It has a revolution counter and runs at 70 rpm. The grinding charge consists of 285 iron 

balls weighing 20.125 kg. It consists of about 43 numbers of 1.45” balls, 67 numbers of 

1.17” balls, 10 numbers of 1” balls, 71 numbers of 0.75” balls and 94 numbers 0.61” balls 

with a calculated surface area of 842 sq inch. 

The standard feed was prepared by passing all through 3.36 mm size. It was packed by 

shaking in a 1000 cc graduated cylinder, and the weight of 700 cc was placed in the mill 

Heating Cycle Analysis 
Hematite, % Goethite, % Kaolinite, % Gibbsite, % 

48.16 43.32 5.12 2.97 

Chemical Analysis Fe(T), % LOI, % Al2O3, % SiO2, % 
60.76 6.18 4.16 2.75 
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and ground dry at 250 percent circulating load. After the first grinding period of 100 

revolutions, the mill was dumped; the ball charge was screened out and 700 cc of material 

was screened on 150 mesh (100 micron) with coarser protecting sieves if necessary. The 

undersize was weighed and fresh unsorted feed was added to oversize to bring its weight 

back to that of original charge. Then it was returned on to the balls in the mill and ground 

for the number of revolutions calculated from the results of the previous period to produce 

sieve undersize equal to 1/3.5 of the total charge in the mill. The grinding period cycles 

were continued until the net grams of sieve undersize produced per mill revolution reaches 

equilibrium and reverses its direction of increase or decrease. Then the undersize product 

and circulating load were screen analyzed, and the average of the last three net grams per 

revolution (Gbp) was the mill grindiability. When F is the size in microns which 80 percent 

of the new ball mill feed passes, P is the microns which 80 percent of the last cycle sieve 

undersize product passes, and P1 is the opening in microns of sieve size tested (100 micron), 

then the ball mill work index Wi is calculated from the following revised equation; 

W. I.  = 44.5 /{ ( Pi)0.23  X ( Gbp)0.82 X 10 (1 / √ P  - 1/√F)}   (3.1) 

3.5.3 Bond Work Index of Bulk Sample 

The representative iron ore bulk sample was taken for grindability study as per Bond’s 

method. The size analysis of the crushed product for grindability study was carried and the 

results are given in the Table 3.5. It was found that d80 of the feed material was 2100 micron. 

The grindability study was carried for 100 micron test sieve. The weight of the 700 cc of 

material was 1610 gm. For 250 percent circulating load, 460 gm of -100 micron particles 

are to be produced at equilibrium revolution. To reach the equilibrium revolution a number 

of tests were carried out. At the equilibrium stage, Gbp was 1.867.  

The size analysis of -100 micron product was carried out. The size analysis of product is 

given in the Table 3.6. The overall grindability result of bulk Sample is given in Table 3.7. 

The particle size distribution of feed and product is depicted in Fig. 3.2 and 3.3 respectively. 

The d80 of the ball mill product was 79.5 micron. Then according to Equation, W.I. was 

calculated and it was found 10.2 kWh/short ton. It was converted to normal tonne and WI 

value is 11.3 kWh/tonne.  
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Wi = (44.5)/((P1)0.23 X (Gbp)0.82 (10/√P – 10/√F)) 

      =(44.5)/((100)0.23 X (1.867)0.82 (10/√79.5– 10/√2100)) 

     = 10.2 kWh/short ton 

     = 10.2 X 1.1 = 11.5 kWh/tonne 

The bond work index of the sample is determined to be 11.5 kWh/tonne. 

Table 3.5 
Feed size analysis  

 
Size, micron Cum. Wt., % Passing 

3360 100.00 
2000 77.76 
1000 52.80 
850 40.25 
500 31.68 
300 25.09 
212 17.27 
150 12.80 
100 9.69 

 
Table 3.6 

Size analysis of ground product 
 

Size, micron Cum Wt., % Passing 
100 100.00 
75 75.00 
63 53.00 
45 35.75 
38 24.25 

 
Table 3.7 

Results of gram per revolution 
 

No. of 
revolutions 

100micron 
produced (g) 

100micron in 
the feed (g) 

Net -100micron 
produced (g) 

Grindability 
(g/rev.) 

100 398 156 242 2.420 
174 410 38.6 371 2.130 
197 420 39.7 380 1.926 
218 448 40.7 407 1.868 
223 460 43.4 417 1.866 
223 461 44.6 416 1.869 
222 460 44.7 415 1.867 
223 460 44.6 415 1.865 



Beneficiation Studies of Iron Ore from Narayanposhi Iron Ore Mines, Barbil, Odisha 

 

55 CSIR – Institute of Minerals and Materials Technology, Bhubaneswar, Odisha, INDIA 
 

 

 
Fig. 3.2 Particle size distribution of feed 
 
 
 

 
Fig. 3.3 Particle size distribution of product 
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3.5.4 Bond Work Index of Screw Scrubber Underflow Sample 

The representative screw scrubber underflow sample was taken for grindability study as 

per Bond’s method. The size analysis of the crushed product for grindability study was 

carried and the result is given in the Table 3.8. It was found that d80 of the feed material 

was 2030 micron. The grindability study was carried for 100 micron test sieve. The weight 

of the 700 cc of material was 1580 gm. For 250 percent circulating load, 452 gm of below 

100 micron particles are to be produced at equilibrium revolution. To reach the equilibrium 

revolution a number of tests were carried out. At the equilibrium stage, Gbp was 1.647. 

The size analysis of below 100 micron product was carried out. The size analysis of product 

is given in the Table 3.9. The overall grindability result of screw scrubber underflow is 

given in Table 3.10. The particle size description of feed and product is depicted in Fig. 3.4 

and 3.5 respectively. The d80 of the ball mill product was 78.5 micron. Then according to 

equation, W.I. was calculated and it was found 11.3 kWh/short ton. It was converted to 

normal tonne and WI value is 12.4 kWh/tonne.  

Wi = (44.5)/((P1)0.23 X (Gbp)0.82 (10/√P – 10/√F)) 

      =(44.5)/((100)0.23 X (1.647)0.82 (10/√78.5– 10/√2030)) 

     = 11.3 kWh/short ton = 11.3 X 1.1 = 12.4 kWh/tonne 

The bond work index of the sample is determined to be 12.4 kWh/tonne. 

Table 3.8 
Feed size analysis  

 
Size, micron Cum. Wt., % Passing 

3360 100.00 
2000 79.24 
1400 47.59 
1000 32.15 
850 21.90 
500 15.32 
212 8.86 
150 5.95 
100 4.18 
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Table 3.9 
Size analysis of ground product 

 
Size, micron Cum Wt., % Passing 

100 100.00 
75 76.00 
63 55.50 
45 41.00 
38 29.50 

 
Table 3.10 

Results of gram per revolution 
 

No. of 
revolutions 

100micron 
produced (g) 

100micron in 
the feed (g) 

Net -100micron 
produced (g) 

Grindability 
(g/rev.) 

100 268 66 202 2.020 
218 604 11.2 593 2.717 
157 488 25.2 463 2.947 
146 316 20.4 296 2.019 
217 396 13.2 383 1.762 
247 428 16.6 411 1.665 
261 450 17.9 432 1.658 
261 450 18.8 431 1.651 
262 451 18.8 432 1.647 
263 451 18.9 432 1.644 

 

 
Fig. 3.4 Particle size distribution of feed 
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Fig. 3.5 Particle size distribution of product 
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microns and the top size is below 10mm, hence for attrition of particles, screw scrubber 

process is most suitable. This equipment also classifies simultaneously the fine particles in 

a single stage. The laboratory screw scrubber was used for desliming the slime particles at 

the feed rate of 200 kg/hr using water to solid ratio of 70:30. The screw scrubber gives two 

products i.e., overflow (slimes) and underflow (coarse particles). The sample was fed to 

the screw scrubber. The Fe content of scrubber underflow could be achieved to 62.47% 

with overall yield of 80.90% and overflow fraction contained 53.61% Fe with overall yield 

of 19.10%.  The result of screw scrubber is given in the Table 3.11. The result shows that 

screw scrubber underflow is one of the final product and overflow need to be further 

processed. Attempt was made to enhance the grade of scrubber underflow by further 

process. 

Table 3.11 
Screw scrubber study of bulk sample 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

Underflow 80.90 80.90 62.47 62.47 
Overflow 19.10 100.00 53.61 60.78 

Total 100.00  60.78  

The underflow of screw scrubber was further classified into two different size fractions viz. 

(-10+1mm, and -1mm). The Fe content of -10+1 mm size could be achieved to 62.64% 

with overall yield of 59.42%. The Fe content of -1 mm size could be achieved to 62.01% 

with overall yield of 21.48%. The result of classified sample is given in Table 3.12. The 

result shows -10+1 mm is having slightly more higher Fe value compared to -1mm size 

fraction.  

Table 3.12 
Size classification of screw scrubber underflow 

 
Size, mm Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

-10+1 59.42 59.42 62.64 62.64 
-1 21.48 80.90 62.01 62.47 

Total 80.90  62.47  
 

The -10+1 mm size fraction of sample was processed in the batch type laboratory jig 

(Supplied by All Minerals, Germany). In each batch around 50kg sample was taken during 

experiment. It is a hydraulic jig operated with pneumatic control pulsating system. The 

pulse frequency was kept 60 cycle per minute and air flow rate 0.3 to 0.4 bar. The screen 
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aperture used for bed was 1 mm size.  After 30 minutes the material was collected from the 

chamber in layer by layer from top to bottom at particular thickness. The concentrate (Layer 

1, Layer 2 and Layer 3) obtained by jigging of -10+1 mm fraction contains 63.19% Fe with 

yield of 65.79% and tailings contains 55.40% Fe with yield of 4.94 %. The jigging study 

of -10+1 mm sample is given in the Table 3.13.  

 
Table 3.13 

Jigging study on -10+1 mm size fraction material 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Layer 1 51.93 51.93 64.14 64.14 
Layer 2 7.49 59.42 60.23 63.65 
Layer 3 6.37 65.79 58.89 63.19 
Layer 4 4.94 70.73 55.40 62.64 
Total 59.42  62.44  

 

The -1 mm size samples was processed in the spiral concentrator. Roughing and cleaning 

operations were carried out to enrich the concentrate grade. In both operations of roughing 

and scavenging, 30% solid concentration was maintained. The capacity of spiral 

concentrator is 1 tonne per hour. The Fe content of rougher concentrate could be achieved 

to 63.22% with overall yield of 18.13%. The Fe contains of scavenging concentrate, 

scavenging tailings and tailing fines could achieved 60.18%, 59.17% and 52.33% with 

overall yield of  3.36 %, 2.53 % 0.90% respectively. The result of spiral concentrator is 

given in the Table 3.14.  

 
Table 3.14 

 Spiral study of -1mm size fraction material 
 

Details Wt., % Cum Wt., % Fe, % Cum. Fe, % 
Rougher Concentrate 18.13 18.13 63.22 63.22 
Scavenging Concentrate 3.36 21.48 60.18 62.75 
Scavenging Tailings 2.53 24.01 59.17 62.37 
Tailing Fines 0.90 24.91 52.33 62.01 
Total 21.48  62.01  

 

The -10+1 mm size was further classified in two different size fractions viz. (-10+5 mm, 

and -5+1mm). The Fe content of -10+5 mm size could be achieved to 63.12% with overall 

yield of 30.17%. The Fe content of -5+1 mm size could be achieved to 62.14% with overall 

yield of 29.25 %. The result of classified sample is given in Table 3.15.  
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Table 3.15 
Size classification of -10+1 mm fraction 

 
Size, mm Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

-10+5 30.17 30.17 63.12 63.12 
-5+1 29.25 59.42 62.14 62.64 
Total 59.42  62.64  

 

The -10+5 mm and -5+1 mm size fraction of samples were processed in the batch type 

laboratory jig. In each batch around 50kg sample was taken for experiment. The pulse 

frequency was kept 60 cycle per minute and air flow rate 0.3 to 0.4 bar. The screen aperture 

used for bed was 1 mm size.  After 30 minute the material was collected from the chamber 

in layers from top to bottom at particular thickness.  The concentrate (Layer 1, Layer 2 and 

Layer 3) obtained by jigging of -10+5 mm fraction contains 62.74% Fe with yield of 

28.06% and tailings contains 53.23% Fe with yield of 2.11%. The jigging study of -10+5 

mm sample is given in Table 3.16. The concentrates (Layer 1, Layer 2 and Layer 3) 

obtained by jigging of -5+1 mm fraction contains 62.74 % Fe with yield of 27.41 % and 

tailings contains 53.23% Fe with yield of 1.84%. The jigging study of -5+1 mm sample is 

given in Table 3.17.  

 
Table 3.16 

Jigging study on -10+5 mm size fraction material 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Layer 1 22.15 22.15 64.12 64.12 
Layer 2 3.19 25.35 60.08 63.26 
Layer 3 2.72 28.06 59.07 62.74 
Layer 4 2.11 30.17 53.23 62.14 
Total 30.17  62.14  

 
 

Table 3.17 
Jigging study on -5+1 mm size fraction material 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Layer 1 18.89 18.89 64.12 64.12 
Layer 2 5.09 23.98 60.08 63.26 
Layer 3 3.43 27.41 59.07 62.74 
Layer 4 1.84 29.25 53.23 62.14 
Total 29.25  62.14  
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The overflow of screw scrubber is to be deslimed by hydrocyclone to remove the ultrafine 

gangue minerals directly. The screw scrubber overflow sample was fed to the rougher 

hydrocyclone. The hydrocyclone gives two products i.e., overflow (very ultrafine slimes 

particle) and underflow (fine coarse particles). The Fe content of hydrocyclone underflow 

could be achieved to 57.52% Fe with overall yield of 11.33% and overflow fraction 

contained 47.90% Fe with overall yield of 7.77%. The rougher hydrocyclone overflow 

sample was fed to the scavenging hydrocyclone at the density 1040 kg/m3. The Fe content 

of scavenger hydrocyclone underflow could be achieved to 54.45% Fe with overall yield 

of 1.26% and overflow fraction contained 46.63% Fe with overall yield of 6.51%. The 

rougher and scavenging hydrocyclone study are given in Table 3.18 and 3.19.   

Table 3.18 
Rougher hydrocyclone study of screw scrubber overflow 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 

Underflow 11.33 11.33 57.52 57.52 
Overflow 7.77 19.10 47.90 53.61 

Total 19.10  53.61  
Table 3.19 

Scavenging hydrocyclone study  
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Underflow 1.26 1.26 54.45 54.45 
Overflow 6.51 7.77 46.63 47.90 

Total 7.77  47.90  
 

If the overflow of hydrocyclone contains ultrafine hematite particles and are not the 

discardable, then the screw scrubber overflow will be beneficiated directly using 

WHIMS/HGMS. 

The rougher and scavenging hydrocyclone underflow were blended together and given in 

Table 3.20. The blended material fed to LONGI. The intensity of magnetic separator 

(Longi) having 12000 gauss in pilot scale. The result of rougher LONGI study is given in 

the Table 3.21. The Fe content of the rougher magnetic fraction could be enhanced to 

62.15% Fe with overall yield of 8.22%. The rougher middling could be achieved 57.44% 

Fe with overall Yield of 1.00 % and non-magnetic fraction from rougher tailings contains 

45.10% Fe with overall yield of 3.37%. The rougher tailings of LONGI was further fed to 

scavenger stage of LONGI. The Fe content of the scavenging magnetic fraction could be 



Beneficiation Studies of Iron Ore from Narayanposhi Iron Ore Mines, Barbil, Odisha 

 

63 CSIR – Institute of Minerals and Materials Technology, Bhubaneswar, Odisha, INDIA 
 

enhanced to 56.39% Fe with overall yield of 1.00%. The scavenging middling contains 

44.79% Fe with overall Yield of 0.26% and non-magnetic fraction from scavenging tailings 

contains 39.79%Fe with overall yield of 2.11%. The result of scavenger LONGI is given 

in the Table 3.22. 

 
Table 3.20 

Blending of hydrocyclone underflows 
 

Details Wt., % Cum Wt., % Fe, % Cum. Fe, % 
Rougher hydrocyclone underflow 11.33 11.33 57.52 57.52 
Scavenging hydrocyclone underflow 1.26 12.59 54.45 57.21 
Total 12.59  57.21  

 
 

Table 3.21 
LONGI study of blended product 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 8.22 8.22 62.15 62.15 
Middling 1.00 9.22 57.44 61.64 
Non-Mag 3.37 12.59 45.10 57.21 
Total 12.59  57.21  

 
 

Table 3.22 
LONGI scavenging study  

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 1.00 1.00 56.39 56.39 
Middling 0.26 1.26 44.79 54.00 
Non-Mag 2.11 3.37 39.79 45.10 
Total 3.37  45.10  
 

The overflow of hydrocyclone was fed to HGMS (supplied by LONGI). The magnetic 

intensity of LONGI is 12000 gauss. The feed density was kept at 1.06 kg/m3. The Fe content 

of the rougher magnetic fraction of LONGI could be achieved to 57.78 % Fe with overall 

yield of 1.81% whereas non-magnetic fraction contains 41.58% Fe with overall yield of 

4.24 %. The rougher non-magnetic fraction was fed to the scavenging LONGI. The Fe 

content of the scavenging magnetic fraction of LONGI could be achieved to 43.21% Fe 

with overall yield of 0.82% and non-magnetic fraction contains 41.12% Fe with overall 

yield of 3.06%. The rougher and scavenging magnetic separation results are given in Table 

3.23 and 3.24.   
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Table 3.23 
LONGI study of hydrocyclone overflow 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 1.81 1.81 57.78 57.78 
Middling 0.46 2.27 49.28 56.06 
Non-Mag 4.24 6.51 41.58 46.63 
Total 6.51  46.63  

 
Table 3.24 

LONGI scavenging study  
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 0.82 0.82 43.21 43.21 
Middling 0.35 1.18 41.76 42.78 
Non-Mag 3.06 4.24 41.12 41.58 
Total 4.24  41.58  

 
Based on the above study and considering on the quality and quantity on the final product, 

following process were carried out. The beneficiation study was carried out by using screw 

scrubbing of the ROM sample followed by the Magnetic separation of the screw scrubber 

overflow and scavenging magnetic separation of rougher non-magnetic fraction. The 

results are given in the Table 3.25 to Table 3.27. The overall product is given in the Table 

3.28 and the overall reject is given in the Table 3.29. The process flowsheet is shown in 

Figure 3.7. The chemical analysis of the product and reject are given in Table 3.30 and 3.31 

respectively. 

 
Table 3.25 

Scrubbing study of bulk sample 
 

Details Wt., % Cum Wt., % Fe, % Cum. Fe, % 
Underflow 80.90 80.90 62.47 62.47 
Overflow 19.10 100.00 53.61 60.78 
Total 100.00  60.78  

 
 

Table 3.26 
Rougher magnetic separation study of screw scrubber overflow 

 
Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 10.03 10.03 61.36 61.36 
Middling 1.46 11.49 54.87 60.54 
Non-Mag 7.61 19.10 43.14 53.60 
Total 19.10  53.61  
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Table 3.26 

Rougher magnetic separation study of screw scrubber overflow 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 8.22 8.22 62.15 62.15 
Middling 1.46 9.68 55.87 61.18 
Non-Mag 9.42 19.10 45.80 53.61 
Total 19.10  53.61  

 
Table 3.27 

Scavenging magnetic separation study of rougher non-magnetic fraction 
 

Details Wt., % Cum. Wt., % Fe, % Cum. Fe, % 
Mag 2.81 2.81 58.66 58.66 
Middling 0.61 3.42 45.66 56.34 
Non-Mag 7.46 10.88 42.94 47.15 
Total 10.88  47.15  

 
Table 3.28 

Overall products 
 

Details Wt., % Fe, % 
Screw Scrubber underflow 80.90 62.47 
Rougher MS Conc. 8.22 62.15 
Scavenger  MS Conc. 2.81 58.66 
Total 91.93 62.32 

 
Table 3.29 

Overall rejects 
 

Details Wt., % Fe, % 
Scavenger Middling 0.61 45.66 
Scavenger Tailings 7.46 42.94 

Total 8.07 43.15 
 

Table 3.30 
Chemical analysis of the product 

 

Details 
Scrubber 

Underflow 
Rougher 

Mag. 
Scavenger 

Mag. 
Overall  
Product 

Fe (T) 62.47 62.15 58.66 62.32 
Fe2O3 89.33 88.87 83.88 89.12 
SiO2 1.75 1.9 3.29 1.81 
Al2O3 2.74 3.41 6.58 2.92 
LOI 5.85 5.79 6.23 5.86 
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Table 3.31 
Chemical analysis of the reject 

 
Details Percentage 
Fe (T) 43.00 
Fe2O3 61.49 
SiO2 13.72 
Al2O3 17.70 
LOI 7.01 

 

XRD study was carried out on the product sample to determine the major minerals present 

in the samples. The XRD results is shown in Fig. 3.6. It indicates that the product sample 

have hematite as the major mineral phase and other minor minerals are quartz, goethite, 

cristobilite and quartz. 

 

 

H: Hematite, Go: Goethite, Gi: Gibbsite, Cr: Cristobilite 
Fig. 3.6 XRD study of product sample 

 

 

 



Beneficiation Studies of Iron Ore from Narayanposhi Iron Ore Mines, Barbil, Odisha 

 

67 CSIR – Institute of Minerals and Materials Technology, Bhubaneswar, Odisha, INDIA 
 

 
Fig. 3.7 Process flowsheet for washing of low-grade iron ore of Narayanposhi
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3.8 Pressure Filtration Study 

The pressure filtration study of magnetic separation concentrate and tailings were carried 

out by using Diemme Filter press and the results are given in Table 3.32 and 3.33. The 

pressure filter used for experiment is shown in Fig. 3.8. 

 
Fig. 3.8 Pilot scale pressure filter set up 

Table 3.32 
Pressure filtration result of magnetic separation concentrate 

 
Parameters Exp. 1 

Solid % in feed 60 
Feeding time, min 15 
Feeding pressure, bar 6 
Air purging time, min 7.5 
Air purging pressure, bar 8 
Squeezing time, min 7.5 
Squeezing pressure, bar 11 
Total filtration time, min 30 
Weight of cake (Wet), Kg 45.5 
Cake Thickness, mm 20 
Filtrate (water) 30 
Cake moisture, % 17.2 
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Table 3.33 
Pressure filtration result of magnetic separation tailings 

 
Parameters Exp. 1 

Solid % in feed 32 
Feeding time, min 15 
Feeding pressure, bar 7 
Air purging time, min 10 
Air purging pressure, bar 8 
Squeezing time, min 10 
Squeezing pressure, bar 13 
Total filtration time, min 35 
Cake Thickness, mm 18.0 
Cake moisture, % 21.8 

 

3.9 Settling Studies 

3.9.1 Materials Preparation 

After processing of the iron ore, the tailing and concentrate samples were taken for the 

settling study to provide the basic data for design of thickeners for tailings and concentrate.  

3.9.2 Experimental Method 

The settling study was carried out in a graduated measuring cylinder of 1 liter capacity.  

Different solid concentration like 20% to 30% in increment of 5% of concentrate and 5% 

to 10% in the increment of 2.5% tailing samples are prepared.  The pH of the concentrate 

sample was maintained at 6.5 and the pH of tailing is also 6.5. This is due to pH as the 

received in the process. The interface height was observed against the time intervals. The 

interface level with respect to time was recorded in each case.  

3.9.3 Results and Discussion 

The settling study was carried out on concentrate sample at different solids concentration 

of 20%, 25% and 30%. The pH of the sample was kept at 6.5 as the sample was received 

from the process at the same pH.  The results of experiments were shown in Figures 3.9 to 

3.12. It has been observed that the settling rate decreases with increasing of solid 

percentage. In case of 20% of solid concentration, the settling rate is 1.5 m/hr. Different 

dosses of flocculent was used to enhance the settling rate of solid. Very low doses of 
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flocculent is required at lower solid concentration to get satisfactory results to design the 

conventional thickener. At higher solid concentration, the flocculent dosage requirement is 

little high.  

 

Fig. 3.9 Settling study of iron ore concentrate at different solid concentration 

 

Fig. 3.10 Iron ore concentrate settling study at 20% solid concentration with different 
doses of flocculent 
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Fig. 3.11 Iron ore concentrate settling study of 25% solid concentration with different 
doses of flocculent. 

 

Fig. 3.12 Iron ore concentrate settling study of 30% solid concentration with different 
doses of flocculent. 

 

Similarly settling studies of iron ore tailings were carried out at different concentration of 

5%, 7.5% and 10%. The tests were carried out without and with addition of flocculent. The 

tests results are shown in Figure 3.13 to 3.16. It has been observed that the settling rate 

decreases with increasing of solid percentage. In case of 5% of solid concentration, the 

settling rate is 2 m/hr whereas in case 15 %, the settling rate is 0.8 m/hr. The flocculent rate 

was varied from 6.52 gm/tonne to 30 gm/tonne of solid. The settling rate with flocculent is 

very high at lower solid concentration. It indicates that after 5% solid concentration, the 
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flocculent may require at lower dosage to enhance the settling rate. At higher solid 

concentration, the flocculent dosage requirement is high. At 10% solid concentration, the 

settling rate is very poor even after adding the flocculent. 

 

Fig. 3.13 Iron ore tailings settling study of different solid concentration 

 

Fig. 3.14 Iron ore tailings settling study at 5% solid concentration with different doses of 
flocculent 
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Fig. 3.15 Iron ore tailings settling study at 7.5% solid concentration with different doses 
of flocculent 

 

Fig. 3.16 Iron ore tailings settling study at 10% solid concentration with different doses of 
flocculent 
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2. The settling rate for conventional thickener design is required around 20 cm within 

5-6 minutes. The above results are matching these phenomena.   

3. For concentrate sample, small dose of flocculants was required to be added as there 

was less clay mineral compared to the tailings. 

 

**************************************************************** 
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Annexure II.A 
Material Balance of Process (Narayanposhi Iron ore)  

 

 
Basis: 100 TPH       
 
1. Screw Scrubber 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Pump Box I (O/F of Screw Scrubber) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water:   226.00 TPH 
 

 
Screw Scrubber 

Solid  :     100.00 TPH 
Water :        7.00 TPH 
Fe       :      60.78% 
S.D.    :     100.0% 
 

Solid :   19.10 TPH 
Water:   212.78 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :  80.90 TPH 
Water:  20.22 TPH 
 Fe      : 62.47% 
 S.D.   : 80.90% 
 

O/F 

U/F 
 

 
Pump Box I for O/F of 

Screw Scrubber 

Solid :   19.10 TPH 
Water:   212.78 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :   19.10 TPH 
Water:   212.78 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
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3. Intermediate Thickener   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Slurry Pump I (U/F of intermediate thickener) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Intermediate Thickener   Water: 184.13 TPH 

 

 
Slurry pump (U/F of 

Intermediate Thickener) 

Solid :   19.10 TPH 
Water:   212.78 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :   19.10 TPH 
Water:   28.65 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :   19.10 TPH 
Water:   28.65 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :   19.10 TPH 
Water:   28.65 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
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5. High Intensity Rougher Magnetic Separator  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Pump Box  II (Tailings of RMS) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
High Intensity Magnetic 

Separator 

Tailings 

Conc. 

Solid :    9.07 TPH 
Water:    81.63 TPH 
Fe      :    45.03% 
S.D.   :    9.07% 
 

Water:  76.38 TPH 
 

Solid :   10.03 TPH 
Water:   23.40 TPH 
Fe      :   61.36% 
S.D.   :   10.03% 
 

Solid :   19.10 TPH 
Water:   28.65 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

 
Pump Box  II (Tailings of 

RMS) 

Solid :    9.07 TPH 
Water:    81.63 TPH 
Fe      :    45.03% 
S.D.   :    9.07% 
 

Solid :    9.07 TPH 
Water:    81.63 TPH 
Fe      :    45.03% 
S.D.   :    9.07% 
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7. High Intensity Scavenging Magnetic Separator   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Tailing Thickener  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Tailing Thickener Water: 95.11 TPH 

 

 
High Intensity Magnetic 

Separator 

Tailings 

Conc. 

Solid :     8.07 TPH 
Water:   107.21 TPH 
Fe      :   43.48% 
S.D.   :    8.07% 
 

Solid :   1.00 TPH 
Water:   4.00 TPH 
Fe      :   57.50% 
S.D.   :     1.00% 
 

Solid :     8.07 TPH 
Water:   12.10 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :    9.07 TPH 
Water:    81.63 TPH 
Fe      :    45.03% 
S.D.   :    9.07% 
 

Solid :     8.07 TPH 
Water:   107.21 TPH 
Fe      :   43.48% 
S.D.   :    8.07% 
 

Water:  29.58 TPH 
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9. Slurry Pump II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. Tailings Pond 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Slurry pump II 

 
Tailings pond 

Recovered Water:   6.05 TPH 
 

Solid :     8.07 TPH 
Water:   12.10 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :     8.07 TPH 
Water:   12.10 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :     8.07 TPH 
Water:   12.10 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :   8.07 TPH 
Water:   6.05 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
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11. Vibrating Screen (1 mm size) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. Hydrocyclone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Hydrocyclone 

U/F 

O/F 

 
Vibrating Screen 

Water:   60.68 TPH 
 

U/S 

O/S 

Solid :   21.48 TPH 
Water:   66.04 TPH 
 Fe      :  62.01% 
 S.D.   :  21.48% 
 

Solid :   17.18 TPH 
Water:   11.45 TPH 
 Fe      :  62.50% 
 S.D.   :  17.18% 
 

Solid :    4.30 TPH 
Water:   54.59 TPH 
 Fe      :  60.05% 
 S.D.   :   4.30% 
 

Solid  : 80.90 TPH 
Water : 20.22 TPH 
 Fe      : 62.47% 
 S.D.   : 80.90% 
 

Solid :  59.42 TPH 
Water:  14.86 TPH 
 Fe      : 62.64% 
 S.D.   : 59.42% 
 

Solid :   21.48 TPH 
Water:   66.04 TPH 
 Fe      :  62.01% 
 S.D.   :  21.48% 
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13. Concentrate Thickener 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14. Slurry Pump III (Underflow of CT) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Concentrate Thickener Water: 71.77 TPH 

 

 
Slurry pump III 

Solid :    15.33 TPH 
Water:   10.22 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid  :    4.30 TPH 
Water :   54.59 TPH 
 Fe      :  60.05% 
 S.D.   :   4.30% 
 

Solid :    15.33 TPH 
Water:   10.22 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid :    15.33 TPH 
Water:   10.22 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid :   10.03 TPH 
Water:   23.40 TPH 
Fe      :   61.36% 
S.D.   :   10.03% 
 

Solid :   1.00 TPH 
Water:   4.00 TPH 
Fe      :   57.50% 
S.D.   :     1.00% 
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15. Pump Box III (Blended Product) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16. Pressure Filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pump Box III for Blended 

Product 
Solid :   32.51 TPH 
Water:   21.67 TPH 
Fe      :   61.67 % 
S.D.   :   32.51% 
 

 
Pressure Filter 

Cake 

Water: 18.06 TPH 
 

Solid :    15.33 TPH 
Water:   10.22 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid :   32.51 TPH 
Water:   21.67 TPH 
Fe      :   61.67 % 
S.D.   :   32.51% 
 

Solid :   32.51 TPH 
Water:   3.61 TPH 
Fe      :   61.67 % 
S.D.   :   32.51% 
 

Solid :   17.18 TPH 
Water:   11.45 TPH 
 Fe      :  62.50% 
 S.D.   :  17.18% 
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Water Balance 
 

A. Water Handling 
 

Sl. No. List of Equipment Water Addition, TPH 
1 Bulk Sample 7.00 
2 Screw Scrubber 226.00 
3 Vibrating Screen 60.68 
4 Rougher Magnetic Separator  76.38 
5 Scavenger Magnetic Separator  29.58 

Total 399.64 
 

 
B. Water Recovered  
 

Sl. No. List of Equipment Water recovered, TPH 
1 Intermediate Thickener  184.13 
2 Concentrate Thickener 71.77 
3 Pressure Filter 18.06 
4 Tailings Thickener 95.11 
5 Tailing Pond 6.05 

Total 375.12 
 

 
C. Water Contains in Products 
 

Sl. No. Name of the Product Water Contain, TPH 
1 Pressure Filter 3.61 
2 Vibrating screen 14.86 
3 Tailing pond 6.05 

Total 24.52 
 

 
D. Make up water 
 

Sl. No. Name of the Product Water Contain, TPH 
1 Water content in products 18.47 
2 Water content in tailings 6.05 
3 1% of handling loss  4.00 

Total 28.52 
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Annexure II.B 
Material Balance of Process (Narayanposhi Iron ore)  

 

 
Basis: 650 TPH       
 
1. Screw Scrubber 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Pump Box I (O/F of Screw Scrubber) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water:   1469.00 TPH 
 

 
Screw Scrubber 

Solid  :     650.00 TPH 
Water :      45.50 TPH 
Fe       :      60.78% 
S.D.    :     100.0% 
 

Solid :   124.15 TPH 
Water: 1383.07 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :  525.85 TPH 
Water:  131.43 TPH 
 Fe      :  62.47% 
 S.D.   :  80.90% 
 

O/F 

U/F 
 

 
Pump Box I for O/F of 

Screw Scrubber 

Solid :     124.15 TPH 
Water:   1383.07 TPH 
Fe      :      53.61% 
S.D.   :      19.10% 
 

Solid :   124.15 TPH 
Water:   1383.07 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 



   Beneficiation Studies of Iron Ore from Narayanposhi Iron Ore Mines, Barbil, Odisha 

 
 

85 CSIR – Institute of Minerals and Materials Technology, Bhubaneswar, Odisha, INDIA 
 

 
3. Intermediate Thickener   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Slurry Pump I (U/F of intermediate thickener) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Intermediate Thickener   Water: 1196.84 TPH 

 

 
Slurry pump (U/F of 

Intermediate Thickener) 

Solid :   124.15 TPH 
Water:   1383.07 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :   124.15 TPH 
Water:   186.23 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

Solid :   124.15 TPH 
Water:   186.23 TPH 
Fe      :    53.61% 
S.D.   :   19.10% 
 

Solid :   124.15 TPH 
Water:   186.23 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
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5. High Intensity Rougher Magnetic Separator  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Pump Box II (Tailings of RMS) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
High Intensity Magnetic 

Separator 

Tailings 

Conc. 

Solid :    58.96 TPH 
Water:    530.60 TPH 
Fe      :    45.03% 
S.D.   :    9.07% 
 

Water:  496.47 TPH 
 

Solid :     65.19 TPH 
Water:   152.10 TPH 
Fe      :     61.36% 
S.D.   :    10.03% 
 

Solid :   124.15 TPH 
Water:   186.23 TPH 
Fe      :   53.61% 
S.D.   :   19.10% 
 

 
Pump Box II  

(Tailings of RMS) 

Solid :    58.96 TPH 
Water:   530.60 TPH 
Fe      :    45.03% 
S.D.   :     9.07% 
 

Solid :    58.96 TPH 
Water:  530.60 TPH 
Fe      :    45.03% 
S.D.   :     9.07% 
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7. High Intensity Scavenging Magnetic Separator   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Tailing Thickener  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Tailing Thickener Water: 618.22 TPH 

 

 
High Intensity Magnetic 

Separator 

Tailings 

Conc. 

Solid :     52.46 TPH 
Water:   696.87 TPH 
Fe      :   43.48% 
S.D.   :    8.07% 
 

Solid :     6.50 TPH 
Water:   26.00 TPH 
Fe      :   57.50% 
S.D.   :     1.00% 
 

Solid :    52.46 TPH 
Water:   78.65 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :    58.96 TPH 
Water:  530.60 TPH 
Fe      :    45.03% 
S.D.   :     9.07% 
 

Solid :     52.46 TPH 
Water:   696.87 TPH 
Fe      :     43.48% 
S.D.   :      8.07% 
 

Water:  192.27 TPH 
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9. Slurry Pump II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. Tailings Pond 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Slurry pump II 

 
Tailings pond 

Recovered Water:   39.32 TPH 
 

Solid :    52.46 TPH 
Water:   78.65 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :    52.46 TPH 
Water:   78.65 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :    52.46 TPH 
Water:   78.65 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
 

Solid :   52.46 TPH 
Water:   39.33 TPH 
Fe      :   43.48% 
S.D.   :     8.07% 
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11. Vibrating Screen (1 mm size) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. Hydrocyclone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Hydrocyclone 

U/F 

O/F 

 
Vibrating Screen 

Water:   394.42 TPH 
 

U/S 

O/S 

Solid :   139.62 TPH 
Water:   429.26 TPH 
 Fe      :  62.01% 
 S.D.   :  21.48% 
 

Solid :   111.67 TPH 
Water:    74.43 TPH 
 Fe      :   62.50% 
 S.D.   :  17.18% 
 

Solid :    27.95 TPH 
Water:   354.83 TPH 
 Fe      :  60.05% 
 S.D.   :   4.30% 
 

Solid : 386.23 TPH 
Water:  96.59 TPH 
 Fe      : 62.64% 
 S.D.   : 59.42% 
 

Solid :   139.62 TPH 
Water:   429.26 TPH 
 Fe      :  62.01% 
 S.D.   :  21.48% 
 

Solid :  525.85 TPH 
Water:  131.43 TPH 
 Fe      :  62.47% 
 S.D.   :  80.90% 
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13. Concentrate Thickener 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14. Slurry Pump III (Underflow of CT) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Concentrate Thickener 

Water: 466.50 TPH 
 

 
Slurry pump III 

Solid :    99.64 TPH 
Water:   66.43 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid  :    27.95 TPH 
Water :   354.83 TPH 
 Fe      :  60.05% 
 S.D.   :   4.30% 
 

Solid :    99.65 TPH 
Water:   66.43 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid :   99.65 TPH 
Water:   66.43 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid :     6.50 TPH 
Water:   26.00 TPH 
Fe      :   57.50% 
S.D.   :     1.00% 
 

Solid :     65.19 TPH 
Water:   152.10 TPH 
Fe      :     61.36% 
S.D.   :    10.03% 
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15. Pump Box III (Blended Product) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16. Pressure Filter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pump Box III for Blended 

Product 
Solid :   211.32 TPH 
Water:   140.86 TPH 
Fe      :   61.67 % 
S.D.   :   32.51% 
 

 
Pressure Filter 

Cake 

Water: 117.39 TPH 
 

Solid :   99.65 TPH 
Water:   66.43 TPH 
 Fe      :  60.74% 
 S.D.   :  15.33% 
 

Solid :   211.32 TPH 
Water:   140.86 TPH 
Fe      :   61.67 % 
S.D.   :   32.51% 
 

Solid :   211.32 TPH 
Water:    23.47 TPH 
Fe      :   61.67 % 
S.D.   :   32.51% 
 

Solid :   111.67 TPH 
Water:   74.43 TPH 
 Fe      :  62.50% 
 S.D.   :  17.18% 
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Water Balance 
 

A. Water Handling 
 

Sl. No. List of Equipment Water addition, TPH 
1 Bulk Sample 45.50 
2 Screw Scrubber 1469.00 
3 Vibrating Screen 394.42 
4 Rougher Magnetic Separator  496.47 
5 Scavenger Magnetic Separator  192.27 

Total 2597.66 
 

 
B. Water Recovered  
 

Sl. No. List of Equipment Water recovered, TPH 
1 Intermediate Thickener  1196.84 
2 Concentrate Thickener 466.50 
3 Pressure Filter 117.39 
4 Tailings Thickener 618.22 
5 Tailing Pond 39.32 

Total 2438.27 
 

 
C. Water Contains in Products 
 

Sl. No. Name of the Product Water contain, TPH 
1 Pressure Filter 23.47 
2 Vibrating screen 96.59 
3 Tailing pond 39.33 

Total 159.39 
 

 
D. Make up water 
 

Sl. No. Name of the Product Water contain, TPH 
1 Water content in products 120.06 
2 Water content in tailings 39.33 
3 1% of handling loss  26.00 

Total 185.39 
 
 
 



    

                 Steel Limited 
 

Regd. Office: JSW Centre 
Bandra Kurla Complex, 
Bandra (East), Mumbai – 400 051 
CIN :  L27102MH1994PLC152925 
Phone :  +91 22 4286 1000 
Fax :  +91 22 4286 3000 
Website :  www.jsw.in 

 

 

 

 
 

No. JSW/S/O/2022/363     Date: 31/05/2021 
 

To, 
The Member Secretary 
State Pollution Control Board, Odisha, 
Paribesh Bhawan, A/118, Nilakantha Nagar, Unit-8, 
BHUBANESWAR- 751012 
 
Sub: - Submission of 9 Points NEERI Compliance Status Report of FY 2021-2022 for Nuagaon 
Iron Ore Mine of M/s JSW Steel Ltd.  
 
Ref: - 2. New Consent Order No 2943 vide letter no 19513/IND-I-CON-2320 dated 06.12.2021. 
 
Dear Sir, 

 

With reference to aforesaid subject, please find enclosed herewith the 9 Points NEERI 
Compliance Status Report of FY 2021-22 for Nuagaon Iron Ore Mine of M/s JSW Steel Ltd. 
 

Seeking your co-operation as always. 
 
Thanking you, 
 
Yours Faithfully  
For JSW Steel Ltd 
 

 
Baswaraj M Dalgade 
(Authorized Signatory)  
 
Encl: As above 
 
Copy to- The Regional Officer, Regional Office, State Pollution Control Board, Keonjhar, At – 
Baniapat, College Road, Keonjhar-758 001, Office of the State Pollution Control Board, Odisha 
 

http://www.jsw.in/


NEERI REPORT COMPLIANCE STATUS -NUAGAON MINE 

Sl. 
No. 

Recommendation by CSIR-NEERI Action Taken 

1 The individual lease holders shall make 
assessment and quantification of 
emission load generation (in terms of 
air pollution, noise, wastewater and 
solid waste) from each of the mining 
activity (including transportation) for 
the period starting from 1st April to 31st 
March and submit report by June of 
every year. Efforts should be made to 
further eliminate/ minimize generation 
of air pollution/ dust, noise, wastewater, 
solid waste generation in successive 
years through use of better technology. 
Necessary guidance many be sought 
from Regional Officer, SPCB on load 
calculation. 

The project has already been practicing different 
environmental safeguard measures for prevention 
of the air pollution.  The measures are- 
1. Mobile water sprinkling arrangement has 

been provided for the haul roads, processing 
area and loading / unloading points to 
minimize dispersion of air borne dust 
particles.  

2. Fixed Sprinklers of 5.6 Km has been installed 
within mine lease area from Guali gate to 
Chenaguda. 

3. Wet drilling arrangement with acoustic 
enclosure is in practice to control dust right at 
the source.  

4. Dust Suppression System (Dry fog system) 
being provided at all appropriate places of 
mineral handling plants (crusher & screening 
plant) and other areas. Same are being 
maintained for proper dust control. Regular 
Monitoring of ambient air quality parameters 
being carried out through M/s BS Envi tech.  
Monitoring reports of FY 2021-22 were 
submitted in your good office vide our letter 
dated 31.05.2022. 

5. No process water being discharged from the 
mine. Regular Monitoring of water quality 
parameters being carried out and Monitoring 
reports of FY 2021-22 were submitted in your 
good office vide our letter dated 31.05.2022. 
 

6. Noise producing equipment’s are covered as 
far as practicable. Workers engaged in 
Operations are provided with ear plugs / 
muffs. Besides this, acoustic enclosures are 
provided for all machines operating within the 
mines. Regular Noise Monitoring being 
carried out and Monitoring reports of FY 
2021-22 were submitted in your good office 
vide our letter dated 31.05.2022. 
 

7. The overburden generated as solid waste is 
stacked at the earmarked areas and will be 
stabilized after maturity.  

8. The vehicles carrying the loaded materials are 
being covered with tarpaulin.  



9. Annual Assessment and quantification of 
emission load generation (in terms of air 
pollution, noise, waste water and solid waste) 
as per prescribed standards is enclosed as  
Annexure 1. 

2 Monitoring of ambient air and fugitive 
emission in core zone shall be carried 
out on daily basis. Minimum four 
ambient air quality monitoring stations 
shall be installed in the core zone. Out 
of four, at least one on-line monitoring 
station shall be installed in case of 
mines having EC capacity of 3 MTPA 
of more. Moreover, one station should 
be located near the ore carrying truck 
entry and exit gate of mine. A letter in 
this regard has already been 
communicated to individual lease 
holder of capacity 3 MTPA and above 
vide Board’s Letter no-7807, dt. 
30.06.2018. 

Regular monitoring of ambient air and fugitive 
emission is being carried out through M/s BS 
Envitech P Ltd. and Monitoring reports of FY 
2021-22 were submitted in your good office vide 
our letter dated 31.05.2022. 
 
We have installed Three Continuous Ambient Air 
Quality Monitoring Stations (CAAQMS) and 
Digital Display Board in consultation with 
Regional Officer, Keonjhar.  
 
All 3 CAAQMS are equipped with data transfer 
facility to SPCB and we have authorized Phoenix 
Robotix Pvt. Ltd. (Datoms) for transmitting data 
to OSPCB and already completed the necessary 
setup for data transfer from all 3 locations to 
OSPCB Server. Data has been transferred from 
the Nuagaon Mine in the name of Ex-Lessee.  
 
 

3 Monitoring in buffer zone shall be 
carried out by through NABET 
accredited agency preferably, at 
locations of nearest human habitation 
including schools and other public 
amenities located nearest to source of 
dust generation as applicable. The 
monitoring station shall be installed in 
core and buffer zone in consultation 
with Regional Officer, SPCB. 

Regular Monitoring in buffer zone is being 
carried out at locations of nearest human 
habitation (residential area) engaging an NABET 
Accredited laboratory (B.S Envi Tech P. Ltd, 
Hyderabad). Monitoring reports of FY 2021-22 
were submitted in your good office vide our letter 
dated 31.05.2022. 
 

4 Monitoring stations shall be facilated 
for measurement of CO as an additional 
parameter to the other parameters SPM, 
PM10, PM2.5, SO2 and NO2. The 
monitoring result shall be compiled and 
submitted to Board on annual basis. 

Regular Monitoring of CO as an additional 
parameter being carried out along with other 
AAQ data. Monitoring reports of FY 2021-22 
were submitted in your good office vide our letter 
dated 31.05.2022. 
 

5 All the vehicles engaged in mining and 
transporting activity in the mine shall 
have Pollution under Control (PUC) 
certificate. A record of the same shall 
be maintained for verification of 
inspecting agency.  

Mineral carrying trucks are not allowed to go out 
of the lease area without tarpaulin cover and is 
being monitored by security personnel at the exit 
gate.  
 
Similarly, Security personnel are also do not 
allow the vehicles to enter into the mines without 
having valid PUC. 



 

6 Noise level should be monitored near 
the major sources of noise generation 
within the core zone once in week and 
submit the report annually. Further, 
date, time and distance of measurement 
shall also be indicated with the noise 
levels in the report. The data shall be 
used to map the noise generation from 
different activities and efforts should be 
made to maintain the noise levels with 
the acceptable limits of CPCB. The 
monitoring schedule shall be informed 
to Regional Officer, SPCB in order to 
ensure his presence 25% of the 
monitoring programme. 

Weekly Noise monitoring is being carried out 
through M/s BS Envitech P Ltd. (Accredited 
Laboratory).  Monitoring reports of FY 2021-22 
were submitted in your good office vide our letter 
dated 31.05.2022. 
 

7 Measurement of flow rate of the springs 
and perennial nallah passing through 
the mining lease area shall be done on 
monthly basis. Identification of the 
perennial streams to be brought under 
the monitoring programme and the 
location the flow measurement shall be 
determined in consultation with 
Regional Officer, SPCB. The 
consolidated report shall be submitted 
to Board on annual basis. 

No natural watercourse and water resources are 
obstructed due to mining operations & the same 
will be taken care of. 
Monitoring of flow rate measurement of the 
different water bodies is being carried out through 
M/s BS Envitech P Ltd.  Monitoring reports of FY 
2021-22 were submitted in your good office vide 
our letter dated 31.05.2022. 
 

8 Effort shall be made to recycle or reuse 
the treated waste water from ETP of 
work shop and STP of residential 
colony instead of discharging to 
outside.  

No colony provided in the working lease area. 
STP will be provided during colony construction. 
Oil & Grease trap system being maintained in the 
Workshop area. 

9 Annual environmental sustainability 
report (ESR) shall be made highlighting 
the efforts made towards environmental 
protection with respect to different 
environmental components vis-à-vis 
production performance of the mine on 
monthly basis. The data collected as per 
EC and CTE/CTO conditions should be 
utilized to prepare the annual 
sustainability report. The report shall be 
submitted to SPCB and RO, 
MoEF&CC by June of every year. 

Nuagaon Mine started operations since July 2020.  
Annual environmental sustainability report (ESR) 
is enclosed as Annexure 2. 



Particulate 
matter in 

(g/s)

Particulate 
matter in 

(kg/d)

Particulate 
matter (kg 
per ton of 

ore)

Drilling Emission 0.0438556 3.789123634 0.000168405
Mineral loading emission 0.05335409 4.609793663 0.00020488
Mineral unloading emission 0.38742936 33.47389654 0.001487729
Mineral hauling 31.3447859 2708.189503 0.120363978
OB loading 0.55395989 47.86213415 0.002127206
OB unloading 0.42535041 36.7502757 0.001633346
OB hauling 42.6937518 3688.740153 0.163944007
Crushing 2.22222222 192 0.008533333
Screening 2.08333333 180 0.008
Wind erosion (Mineral stack) 1.2782442 110.4402988 0.004908458
Wind erosion (Exposed pit) 10798.4518 932986.2339 41.46605484
Wind erosion (Exposed OB dump) 14.1353336 1221.292826 0.054279681

Total 10893.67 941213.38 41.831706

Major Activity Dust load 
(kg/day)

Loading/Unloading 122.6961
Hauling 6396.92966
Crushing / Screening 372
Wind erosion 934317.967
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Annual Environmental Sustainability Report (ESR) for Nuagaon Iron Ore Mine of M/s 
JSW Steel Ltd. 

Introduction- 

The Nuagaon Iron Ore Mine (erstwhile lessee M/s KJS Ahluwalia) was one of the mines whose 
lease expired on 31.03.2020. The lease area is located in villages Nuagaon, Barapada, 
Gandhalpada, Guali, Katesahi, Parediposi, KohlaRudukela, Panduliposhi and Topadihi 
villages under Barbil Tehsil of Keonjhar District, Odisha State. 

In pursuant to the Mines and Minerals (Development and Regulation) Act, 1957 and the 
Mineral (Auction) Rules, 2015, Govt. of Odisha issued the notice inviting tender dated 
December 6, 2019 for commencement of the auction process to grant the mining lease in 
respect of Nuagaon Iron Ore Block over an area of 776.969 ha as per DGPS (767.284 ha as per 
ROR) in villages Nuagaon, Barapada, Gandhalpada, Guali, Katesahi, Parediposi, 
KohlaRudukela, Panduliposhi and Topadihi under Barbil Tehsil of Keonjhar District, Odisha 
for a resource size of about 789.04 Million tonnes (Mt). The e-auction process was conducted 
in accordance with the tender document and the mineral auction rule, 2015 for the said mineral 
block and M/s JSW Steel Limited was declared as the preferred bidder under Rule 9(9)(iii) of 
Mineral (Auction) Rules 2015. 
 
Without prejudice to the generality of the provisions of section 8B(2) of the MMDR Act, 1957, 
the details of the valid rights, approvals, clearances, licenses and the like held by the previous 
lessee  are vested in favor of  M/S JSW Steel Ltd by the Govt. of Odisha for a period of 2 years 
from the date of execution of lease deed or till the date of getting fresh approvals, clearances, 
licenses, permits, and the like, whichever is earlier vide vesting order No-4167/SM, dated 
29.05.2020. M/s JSW Steel Limited being successful bidder upon execution of mining lease 
deed, the successful bidder shall immediately, but not later than one hundred twenty days from 
the date of execution of mining lease, apply afresh for all necessary rights, approvals, 
clearances, licenses and the like under the applicable statutes, rules or regulations, as the case 
may be, for obtaining the necessary clearances to enable further continuance of the mining 
operations beyond two years and vesting order shall be valid for a period of two years from the 
date of execution of new lease deed or till the date of getting all fresh approvals, clearances, 
licenses, permits, and the like, whichever is earlier. 
 
The mining lease was granted in favor of M/s JSW Steel Limited for a period of 50 years w.e.f 
27.06.2020. Subsequent to signing of the MDPA with the Collector, Keonjhar, M/s JSW Steel 
Limited has made payment of the third instalment being the eighty percent of the upfront value 
and executed and registered the mining lease with the Government of Odisha on 27.06.2020. 

Indicative Coordinates Range of the Nuagaon Iron Ore Mine 

Latitudes     : 210 57’ 12.91896” N to 210 59’ 34.26648” N  
Longitudes  : 850 16’ 06.04164” E to 850 19’ 24.93228” E 
 

Fully mechanized open cast method of mining by drilling and blasting and by deploying 
HEMM equipment’s like hydraulic drills and excavators, wheel loaders, dumpers, will be 

undertaken. The height and width of the benches for iron ore will be kept at 9 m and 15 m 
respectively. The working of benches will be commenced from top and extended to bottom 
benches. The excavated ROM ore is proposed to be processed in the crushing and screening 



plants to obtain the lump and fine ore as product mix. The iron ore lumps and iron ore fines 
extracted from the mine will be transported through railway/port/road to JSW Steel Plants.  

Production in FY 2021-22 

Nuagaon mining operations started from 01.07.2020 based on the vested approvals. From April 
2021 to March 2022, Nuagaon Mine has produced 6264155.00 Mt Iron Ore (ROM) and 
dispatched to steel plants. 

Environment Management in Nuagaon Mine 

Air Management- 

Blasting Operation 

 Controlled blasting method is in practice by restriction of explosive charge in the holes. 
 Well-designed blast by effective stemming and use of mili second delay detonators, 

Proper blasting designing to see that the optimum breakage occurs. 
 To control ground vibrations and arrest fly rocks, advanced initiation system is being 

used for blasting 
 Ground vibrations are also being monitored and the results are well within limits. 

Excavation, Hauling and Crushing & Screening 

 Dry fog system for crusher & screen plants are provided. 
 Proper maintenance of HEMM 
 Using sharp teeth for shovels and other soil excavation equipment, and their periodical 

replacements. 
 Acoustic enclosures for operator cabin. 
 Avoiding overloading of dumpers 
 Provision of dust filters / masks to workers working at highly dust prone and affected 

areas 
 Imparting sufficient training to operators on safety and Environmental parameters. 

Transportation 

 Regular water sprinkling is being carried out by engaging mobile water tankers on the 
mine benches, mine haul, loading and unloading points and transfer points for dust 
suppressions. 

 Maintenance of haul road by regular grading is carried out through grader, dozer. 
 Ensuring that all mineral trucks are covered by tarpaulin. 
 Vehicular emissions controlled through regular and proper preventive maintenance 

schedules. 
 It is ensured that there is no overloading of trucks by having Quick Dispatch system at 

the weigh bridge near the dispatch gate. 
 Regular water sprinkling arrangements have been made on the transportation 

roads/public road through mobile water tankers. 



 

Wet Drilling And Dust Extractor System In Drilling Operation 

 

Quick Dispatch System 

 

Water Tanker Arrangement For Haul Road Dust Suppression 



 

Dry Fog System in Mineral Handling Plants 

Consolidated Air Quality Monitoring Data of FY 2021-2022 

NUAGAON IRON ORE MINES 

AAQ DATA FOR THE PERIOD APRIL 2021 TO MARCH 2022 (Microgram/ Cubic. 
Meter) 

  PM10 
[µg/m3] 

PM2.5 
[µg/m3] 

SO2 
[µg/m3] 

NO2 
[µg/m3] 

CO 
[mg/m3] 

  Max
imu
m 

Mini
mu
m 

Max
imu
m 

Mini
mu
m 

Max
imu
m 

Mini
mu
m 

Max
imu
m 

Mini
mu
m 

Max
imu
m 

Mini
mu
m 

CORE ZONE                     

Mines Office 77 33 29 11 13 7.9 14.4 9.3 0.73 0.25 

Near 
Dispensery 

69 34 25 11 12.5 7.7 13.8 9.2 0.74 0.27 

Near Katesahi 
Exit Gate area 

77 35 29 12 12.9 9.1 14.2 10.7 0.81 0.31 

Near LP 99 73 31 28 11 12.3 7.8 13.6 9.3 0.73 0.35 

Entry & Exit 
Gate 

93 41 35 13 13.1 9.3 14.7 10.6 0.86 0.39 

Near 
Bneficition 
Plant 

83 50 32 17 12.3 8.9 13.8 10.6 0.73 0.35 



Near Monet 
QDS 

90 60 34 21 13 10.5 14.5 11.8 0.73 0.49 

Near Katesahi 
QDS 

94 40 34 14 13.3 9.4 14.7 10.7 0.82 0.43 

Near 
Boundary 
Pillar 99 

94 36 37 12 13.3 8.7 14.9 10.1 0.91 0.35 

BUFFER 
ZONE 

                    

Barpada 
Village 

71 35 26 11 11.7 7.7 13 9.2 0.62 0.29 

Katesahi 
Village 

66 31 24 11 10.4 7.1 11.9 8.4 0.52 0.22 

Rengelapbeda 
Village 

74 39 27 12 12.1 9.2 13.7 10.6 0.71 0.39 

Panduluposi 
Village 

70 35 26 12 12.2 7.9 13.7 9.2 0.72 0.37 

NAAQ 
standards for 
Industrial, 
residential, 
Rural and 
Other Areas 
(24 hourly 
standard) 

100 [µg/m3] 60 [µg/m3] 80 [µg/m3] 80 [µg/m3] 2 [mg/m3] 
(8 hourly) 

 

Water & OB Dump Management 

 Garland drains maintained of suitable size around mine area and dump with proper 
gradients to prevent rain water descent into active mine area. 

 Settling ponds maintained to prevent flow of fine particles from OB / Waste dumps, 
check dams, parapet / retaining walls & garland drains. 

 Usage of stored water in the settling ponds for watering of haul roads, vehicle washing 
and green belt development etc. 

 De- silting of garland drains & settling ponds are being carried out at regular intervals. 
 Maintenance of all the runoff management structures. 



 

Retaining Wall At Katasahi 

 

Check Dam Provided At Topadihi Nalla 

 

Nalla Side Plantation 



 

Dump Plantation 

Consolidated Ground Water Quality Monitoring Data of FY 2021-2022 

NUAGAON IRON ORE MINES 
  

katsai Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.75 6.69 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 80 49 200 600 

Iron mg/l 0.1 0.07 1 No 
Relaxation 

Chlorides mg/l 59 48 250 1000 

Total Dissolved Solids mg/l 236 206 500 2000 

Sulphates mg/l 27 22 200 400 

Fluoride mg/l 0.42 0.31 1 1.5 

Rengelabeda Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.84 6.75 6.5-8.5 No 
Relaxation 



Total Hardness mg/l 90 80 200 600 

Iron mg/l 0.09 0.08 1 No 
Relaxation 

Chlorides mg/l 69 66 250 1000 

Total Dissolved Solids mg/l 275 262 500 2000 

Sulphates mg/l 31 29 200 400 

Fluoride mg/l 0.46 0.45 1 1.5 

Barpada Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.82 6.81 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 80 72 200 600 

Iron mg/l 0.11 0.1 1 No 
Relaxation 

Chlorides mg/l 76 70 250 1000 

Total Dissolved Solids mg/l 268 265 500 2000 

Sulphates mg/l 35 32 200 400 

Fluoride mg/l 0.47 0.45 1 1.5 

Malda Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.82 6.79 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 70 58 200 600 

Iron mg/l 0.09 0.07 1 No 
Relaxation 

Chlorides mg/l 60 56 250 1000 

Total Dissolved Solids mg/l 224 220 500 2000 



Sulphates mg/l 27 26 200 400 

Fluoride mg/l 0.41 0.40 1 1.5 

Guali Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.75 6.72 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 66 65 200 600 

Iron mg/l 0.13 0.09 1 No 
Relaxation 

Chlorides mg/l 72 70 250 1000 

Total Dissolved Solids mg/l 268 265 500 2000 

Sulphates mg/l 29 28 200 400 

Fluoride mg/l 0.45 0.44 1 1.5 

D Top Water 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.83 6.81 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 85 84 200 600 

Iron mg/l 0.11 0.1 1 No 
Relaxation 

Chlorides mg/l 78 76 250 1000 

Total Dissolved Solids mg/l 306 302 500 2000 

Sulphates mg/l 0.46 35 200 400 

Fluoride mg/l  0.48 0.46 1 1.5 

Panduliposshi Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 



PH - 6.91 6.73 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 100 86 200 600 

Iron mg/l 0.13 0.11 1 No 
Relaxation 

Chlorides mg/l 74 70 250 1000 

Total Dissolved Solids mg/l 285 272 500 2000 

Sulphates mg/l 32 30 200 400 

Fluoride mg/l 0.45 0.43 1 1.5 

Nuagaon Village 
  

Parameter Units max min Acceptable 
Limits 

Permissible 
Limits 

PH - 6.72 6.69 6.5-8.5 No 
Relaxation 

Total Hardness mg/l 95 94 200 600 

Iron mg/l 0.1 0.08 1 No 
Relaxation 

Chlorides mg/l 82 79 250 1000 

Total Dissolved Solids mg/l 330 320 500 2000 

Sulphates mg/l 36 34 200 400 

Fluoride mg/l 0.48 0.46 1 1.5 

 

Consolidated Surface Water Quality Monitoring Data of FY 2021-2022 

SUNA RIVER 
 

Parameter max min Limits for 
Stream Water 
Standards 

PH 6.82 6.64 6.5-8.5 



Total Dissolved Solids 106 80 1500 

Chlorides 8.5 6 600 

Iron 0.15 0.1 50 

Fluorides 0.13 0.1 1.5 

BOD 3 2 3 

DO 5.2 4.9 4 

Suna River Upstream   

PH 6.74 6.56 6.5-8.5 

Total Dissolved Solids 134 92 1500 

Chlorides 12 7.1 600 

Iron 0.15 0.12 50 

Fluorides 0.14 0.1 1.5 

BOD 9 3 3 

DO 5.3 4.8 4 

Suna River Downstream   

PH 6.92 6.72 6.5-8.5 

Total Dissolved Solids 174 92 1500 

Chlorides 18 7 600 

Iron 0.23 0.13 50 

Fluorides 0.26 0.15 1.5 

BOD 9 8 3 

DO 6.3 4.6 4 

Karo River Upstream   

PH 6.77 6.61 6.5-8.5 

Total Dissolved Solids 168 106 1500 

Chlorides 15 8.5 600 



Iron 0.2 0.11 50 

Fluorides 0.17 0.1 1.5 

BOD 5 2 3 

DO 5.8 5 4 

Karo River Down stream   

PH 6.94 6.69 6.5-8.5 

Total Dissolved Solids 180 120 1500 

Chlorides 25 13 600 

Iron 0.23 0.12 50 

Fluorides 0.23 0.14 1.5 

BOD 8 3 3 

DO 5.3 5 4 

Kakarpani Nala   

PH 6.89 6.64 6.5-8.5 

Total Dissolved Solids 126 94 1500 

Chlorides 7.5 5 600 

Iron 0.1 0.04 50 

Fluorides 0.13 0.1 1.5 

BOD 3 2 3 

DO 6.5 5.6 4 

Kakarpani Nala Upstream   

PH 6.74 6.71 6.5-8.5 

Total Dissolved Solids 162 120 1500 

Chlorides 9.1 7 600 

Iron 0.1 0.06 50 

Fluorides 0.2 0.13 1.5 



BOD 6 3 3 

DO 5.6 5.1 4 

Kakarpani Nala Downstream   

PH 6.78 6.68 6.5-8.5 

Total Dissolved Solids 174 152 1500 

Chlorides 12 7.6 600 

Iron 0.15 0.07 50 

Fluorides 0.25 0.14 1.5 

BOD 7 4 3 

DO 6.2 5.5 4 

Theherei Nala   

PH 6.87 6.64 6.5-8.5 

Total Dissolved Solids 140 75 1500 

Chlorides 8.5 7.1 600 

Iron 0.3 0.07 50 

Fluorides 0.15 0.11 1.5 

BOD 6 2 3 

DO 6 5 4 

Topadihi Nala Upstream   

PH 6.96 6.58 6.5-8.5 

Total Dissolved Solids 178 116 1500 

Chlorides 30 6.3 600 

Iron 0.2 0.07 50 

Fluorides 0.2 0.1 1.5 

BOD 5 1 3 

DO 5.8 5.1 4 



Topadihi Nala Down stream   

PH 7.02 6.7 6.5-8.5 

Total Dissolved Solids 194 110 1500 

Chlorides 45 7 600 

Iron 0.25 0.12 50 

Fluorides 0.25 0.13 1.5 

BOD 9 2 3 

DO 6.3 4.5 4 

 

Noise Management 

 Providing sound proof operator’s cabin for equipment like dumpers, shovel, tippers, 

etc. 
 Planting trees at various places within the lease area to act as acoustic barriers. 
 Proper and regular maintenance of vehicles, machinery and other equipment. All 

HEMMs are monitored for any abnormal sound and rectified with due precaution by 
maintenance personnel. 

 Providing workers with ear muffs & earplugs against high noise levels. 
 Conducting regular health check-ups of workers including Audiometry test  
 Controlling the time of exposure of workers towards high noise areas. 

Consolidated Noise Quality Monitoring Data of FY 2021-2022 

Nuagaon Iron Ore Mines      
 max min 

STANDARDS 
CORE ZONE     

Ore crushing plant 82.7 
78.2 

85 dB(A)  

Mobile screen plant 
80.3 75.7 

Workshop Area 81.5 72.7 

Mines Face/Bench 
81 72.6 

Haulage Road 
80.5 73.5 

Ore storage & loading point 
80.5 77.2 

Waste Dump 77.3 65 

Magazine Area 70.7 54.8 



Drilling  machine 84.2 80.5 

Excavator 81.7 77.4 

Dozer 82 76.8 

Dumper  80.6 76.3 

Loader  82.8 79 

DG Set  79.6 68.3 
Mines Office 60.5 50.5 

 

BUFFER ZONE             

          STANDARDS 

  max 
(Leq 
Day) 

min 
(Leq 
Day) 

max (Leq 
Night) 

min (Leq 
Night) 

Day 
Equival
ent 

Night 
Equival
ent 

BARPADA 
VILLAGE 

53.1 50.6 43.4 38.8 55 
dB(A)  

45 
dB(A)  

KATE SAHI 
VILLAGE 

51.5 48.7 40.6 36.9 

REBELABEDA 
VILLAGE 

53.3 52.3 43.8 41.1 

PANDULIPOSHI 
VILLAGE 

53.4 51.7 42.6 39.5 

EAST BOUNDARY 66.5 61.5 57.2 54.6 

WEST 
BOUNDARY 

69.1 63.5 58.8 55.8 

NORTH 
BOUNDARY 

66.2 61.6 57.5 55.8 

SOUTH 
BOUNDARY 

68.6 61.1 58.4 53.8 

 

 

 



Electronic Digital Display Board at Nuagaon Mine Gate 

 

 

 

 

Nuagaon Environmental Protection Measures Expenditure (head wise breakup) incurred 
from in FY July 2020-YTD 

Particulars Approximately Cost 
incurred (in Crores) 

Dust Suppression (Wet Drilling, Dry Fog System, Mobile Haul road 
water sprinkling system, etc.) 

0.20 

Fixed Water Sprinkling Project 0.10 

Online Environmental Monitoring System (CAAQMS & Digital 1.50 



Display Board) 

Manual Environment Monitoring  0.15 

ETP/Mechanized Oil Grease Trap System 0.10 

Water Sprinkling on National Highway/nearby village/transportation 
roads 

0.30 

OB Dump & Surface Run-off Management 0.10 

Environment Awareness in MEMC Week 2020-21 0.05 

Grand Total (Rs. in Cr.) 2.50 

 







Month PPV (mm/s)
May 6.37
June 5.45
July 8.6
August 4
Sep 2.9
Oct 1.61
Nov 1.4
Dec 3.19
Jan 18.7
Feb 3.19

NUAGAON IRON ORE MINES
Graphical variation of ppv
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Ambient Noise Data db(A)

1. East Boundary

Month Leq Day Leq Night
Nov 71.2 61.3
Dec 70.3 58.5
Jan 71.5 63.4
Feb 72.5 64.4
March 69.4 63.1

West Boundary

Month Leq Day Leq Night
Oct 72.4 67.6
Nov 74.6 65.2
Dec 72.8 62.1
Jan 71.7 65.9
Feb 72.7 66.9
March 71.1 62.6

North Boundary
Month Leq Day Leq Night
Oct 68.1 64.4
Nov 67.9 60.6
Dec 68.1 56.3
Jan 69.4 58.6
Feb 68.4 59.6
March 64.2 55.4

South  Boundary

Month Leq Day Leq Night
Oct 70.7 69.6
Nov 72.3 65.8
Dec 70.6 60.3
Jan 68.8 61.2
Feb 67.8 62.2
March 69.4 63.1

NUAGAON IRON ORE MINES
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                 Steel Limited 
 
Regd. Office: JSW Centre 
Bandra Kurla Complex, 
Bandra (East), Mumbai – 400 051 
CIN :  L27102MH1994PLC152925 
Phone :  +91 22 4286 1000 
Fax :  +91 22 4286 3000 
Website :  www.jsw.in 

 

 

 

 
 

No. JSW/S/O/2022/444       Date: 21/06/2022 
 

To, 
The Member Secretary,  
State Pollution Control Board, Odisha 
Paribesh Bhawan, A/118, Nilakantha Nagar,  
Unit-8, Bhubaneswar, Odisha-751012. 
 

Sub: - Submission of Hazardous Waste Annual Return (Form 4) in respect of Nuagaon Iron Ore 
Mine of M/s JSW Steel Ltd for the period April 2021 to March 2022.  

 

Dear Sir, 
 

We would like to submit that M/s JSW Steel Limited has been granted mining lease the 
Nuagaon Iron Ore block after emerging as the ‘Preferred Bidder’ in the e-auction conducted by the 
State Government of Odisha in March, 2020.  

 
We have obtained the Hazardous waste authorization vide letter number IND-IV-HW-

1348/5322 dated 31.03.2022 and valid for a period of 1 year. 
 

We are submitting herewith annual return of Hazardous Waste in Form 4 of Nuagaon Iron 
Ore Mine, M/s JSW Steel Ltd. for the period April 2021 to March 2022. 
 

 
 

Seeking your co-operation as always. 
 
Thanking you, 
 

Yours Faithfully  
For JSW Steel Ltd 
 

 
Baswaraj M Dalgade 
(Authorized Signatory)  
 
Copy to: The Regional Officer, State Pollution Control Board, Baniapat, DD College Road, 
Keonjhar, Odisha-758001. 



FORM 4 
[See rules 6(5), 13(8), 16(6) and 20(2)] 

 
FORM FOR FILING ANNUAL RETURNS 

 
 

[To be submitted to State Pollution Control Board by 30th day of June of every year for 
the preceding period April-2021 to March-2022] 

 
1. Name and address of facility            :   M/s JSW Steel Ltd 

Nuagaon Iron Ore Mine in villages 
Nuagaon, Barapada, Gandhalpada,  
Guali, Katesahi, Parediposi,  
KohlaRudukela, Panduliposhi and 
Topadihi villages under Barbil Tehsil of 
Keonjhar District, Odisha state  

2. Authorization No. and Date of issue : HWA No L.No. IND-IV-HW-1348/5322 
Dated 31.03.2022 (valid for 1 year) 

  
3. Name of the authorised person and full address   
    With telephone, fax number and e-mail            :  Mr. Baswaraj Dalgade 

AGM-Projects  
JSW Steel Ltd,  
Tehsil-Barbil,  
District - Keonjhar (Odisha) 
Pin: 758035 
Email: baswaraj.dalgade@jsw.in;  
Mobile: +91 9934311367 

 
      
4. Production during the year (product wise),  
    Wherever applicable     : 6264155.00 Iron Ore (ROM)  
 
 

Part A. To be filled by hazardous waste generators  
 

1. Total quantity of waste generated category wise  : As per Annexure - I 
 
2. Quantity dispatched 

(i) to disposal facility    : Nil  
(ii) to recycler or co-processors or pre-processor :  
(iii) others      : 

 
3. Quantity utilised in-house, if any -    : Nil 
 
4. Quantity in storage at the end of the year –  : Nil 
 
 

Part B. To be filled by Treatment, storage and disposal facility operators 
 

1. Total quantity received -    :  Not Applicable 
 
2. Quantity in stock at the beginning of the year -  
 



3. Quantity treated –  
 
4. Quantity disposed in landfills as such and after treatment – 
  
5. Quantity incinerated (if applicable) –     Not Applicable 
 
6. Quantity processed other than specified above -   Not Applicable 
 
7. Quantity in storage at the end of the year –  
 
 

Part C. To be filled by recyclers or co-processors or other users 
 
 

1. Quantity of waste received during the year –   Not Applicable 
(i) domestic sources 
(ii) imported (if applicable)-      Not Applicable 

 
2. Quantity in stock at the beginning of the year -    
 
3. Quantity recycled or co-processed or used – 
 
4. Quantity of products dispatched (wherever applicable) –     Not Applicable 
 
5. Quantity of waste generated -       Not Applicable 
 
6. Quantity of waste disposed -        Not Applicable 
 
7. Quantity re-exported (wherever applicable)-       Not Applicable 
   
8. Quantity in storage at the end of the year –     As per Annexure - I 
 
 

 
 
 
 
 

 
Signature of the Occupier 

Date: 21.06.2022 
 
Place: Nuagaon Iron Ore Mine 
 
 
 
 
 
 
 
 
 
 



Part A. To be filled by hazardous waste generators  
 

Annexure-1 
 

 S.N. 
Type of 

Hazardous 
Waste  

Category 

Unit 

Appr
oved 
Qua
ntity 
as 
per 
CCA

* 

Total Qty. 
of 

generate
d 

category 
wise in 

FY 21-22 
 

Quantity dispatched 
Qua
ntity 
utiliz
ed in 
hous

e 

Quantit
y in 

storage 
at the 
end of 
year  

Descriptio
n of 

treatment Sch 
Cod

e 

To 
dispos

al 
facility 

To 
recyclers

/ co-
processo
rs or pre-
processo

r 

Ot
her 

1 Used or spent 
oil* 

 I  5.1 T/A 15 10.35 0 22.77 0 0 2.94 
Sold to 
register 
recycler 

2 

Contaminated 
Cotton Rags 
And other 
cleaning 
materials 

 I 33.2 T/A 100 0.749 0 0 0 0 0.749 Stored 

3 

Discarded 
containers/ 
barrels/ liners 
contaminated 
with 
hazardous 
wastes/ 
chemicals 

 I 33.1 T/A 100 10.479 0 0 0 0 10.479 Stored 

*As per Hazardous Waste Authorization 









FORM – 3 
[See Rule 9(1)] 

Format for maintaining records of hazardous waste at the facility 
 

1. Name and address of the occupier or operator of a facility: Nuagaon Iron ore mines  
2. Date of issuance of authorisation and its reference number: 31-03-2022, IND-IV-HW-

1348/5322 
3. Description of hazardous waste: 

 
Physical form with description Chemical form Total volume and 

weight (in tonnes) 
Used oil  
1. Colour- Black 
2. Lube oil 
3. Viscous in nature 

Branched Alkanes, Cycloalkanes, 
Benzene, Polly Aromatic Hydrocarbons, 

decomposition products 

9.114 

 
 

4. Description of storage and treatment of hazardous waste: 
 

Date Method of storage of hazardous                  wastes Date Method of treatment of 
hazardous wastes 

    5-12-2022 Storage on impervious floor under well 
ventilated covered shed followed by disposal 
through original actual users authorized by 
SPCB, Odisha 

- - 

 
 

5. Details of transportation of hazardous waste: 
 

Name & address of 
consignee of package 

Mode of packing/of 
the waste for 
transportation 

Mode of 
transportation to 
site of disposal 

Date of 
transportation 

M/S Raj Lubricants 
Januganj Baleshwar 756019 

odisha 

BARREL Road 27-1-2023 

 
 

6. Details of disposal of hazardous waste: 
 

Date of disposal Concentration of 
hazardous 

material in the 
final waste form 

Site of disposal (identify 
the location on the 

relevant layout drawing 
for reference) 

Method 
of 

disposal 

Persons 
involved in 

disposal 

- - - - - 

 
 
 
 
 
 
 
 
 
 



 
7. Data of environmental surveillance: 

 
Analysis of ground water Analysis of soil samples Analysis of air sampling 

Date of 
   sampling 

Location   of 
sampling 

Data Date of 
   sampling 

Location       of 
      Sampling 

 Data Date of 
  sampling 

Location of 
sampling 

Data 

23-11-2022 Rengelabeda village 
Nuagaon village 
Barpada village 
Katesahi village 
Malda village 
Guali village 
Panduliposhi village 
 

The test 

results are 
within the 

standards as 
per 

IS10500:20

12 

16-12-2022 Mines office 
 

The analysis 

conducted for 17 
parameters were 

within the range. 

16-12-2022 Mines office 
Near LP99 
Near katasahi   
exit gate 
Dispensary  

Average value of 

PM₁₀ = 43.75 µg/m3 
PM₂.₅ = 16.1 µg/m3 

SO₂ = 14.2 µg/m3 
NO₂ = 13.2 µg/m3 
CO = 0.46 mg/m3 

 
 

8. Details of the hazardous wastes reused and recycled: 
 

Date Total quantity 
of hazardous 

waste generated 

Details of 
hazardous 

waste 
minimization 

activity 

Material 
received 

Final quantity 
of waste 

generated 

Net reduction in 
waste generation 

quantity and 
percentage 

- - - - - - 

 
 
 
 
 
 
 

Place: NUAGAON Signature: Sindhuja CB 

Date:27-01-2023 Designation: Assistant Manager 



Sustainable Development 

Community development



Sustainable Development

Water supply and Sanitation



Sustainable Development

Medical Facilities









Awareness program on Occupational Health 

     

 

    



    

                 Steel Limited 
 

Regd. Office: JSW Centre 
Bandra Kurla Complex, 
Bandra (East), Mumbai – 400 051 
CIN :  L27102MH1994PLC152925 
Phone :  +91 22 4286 1000 
Fax :  +91 22 4286 3000 
Website :  www.jsw.in 

 

 

 

 
 

No. JSW/S/O/2021/194     Date: 18/08/2021 
 

To, 
The Sarpanch, 
Loidapada Gram Panchayat 
 
Sub: - Submission of Environment Clearance letter for the Nuagaon Iron Ore Mine of M/s JSW 
Steel Ltd.  
 
Ref: - Environment Clearance Letter No F. No. J-11015/1156/2007-IA.II (M) dated 05.08.2021 
issued by MOEF&CC, GOI. 
 
Dear Sir, 

With reference to aforesaid subject, we would like to submit that M/s JSW Steel Limited 
has obtained the Environment Clearance for Nuagaon Iron ore mine for expansion in Iron Ore 
production from 5.2 Million TPA to 7.99 Million TPA (ROM) along with existing 2.0 Million 
TPA Beneficiation Plant and Crusher and Screen Plants in the mine lease area of 767.284 Ha 
located in the village(s) of Nuagaon, Guali, Topadihi, Barapada and Katasahi, Tehesil- Barbil, 
Keonjhar District, Odisha from MOEF&CC, GOI on 05.08.2021. 

 
To comply the EC Standard condition (I. Statutory Compliance point no 5), a copy of 

environment clearance is submitted for your kind record and perusal. 
 

Thanking you, 
 
Yours Faithfully  
For JSW Steel Ltd 
 

 
Baswaraj M Dalgade 
(Authorized Signatory)  
 
Encl: As above 
 
 
 
 
 

http://www.jsw.in/


    

                 Steel Limited 
 

Regd. Office: JSW Centre 
Bandra Kurla Complex, 
Bandra (East), Mumbai – 400 051 
CIN :  L27102MH1994PLC152925 
Phone :  +91 22 4286 1000 
Fax :  +91 22 4286 3000 
Website :  www.jsw.in 

 

 

 

 
 

No. JSW/S/O/2021/195     Date: 18/08/2021 
 

To, 
The Sarpanch, 
Guali Gram Panchayat 
 
Sub: - Submission of Environment Clearance letter for the Nuagaon Iron Ore Mine of M/s JSW 
Steel Ltd.  
 
Ref: - Environment Clearance Letter No F. No. J-11015/1156/2007-IA.II (M) dated 05.08.2021 
issued by MOEF&CC, GOI. 
 
Dear Sir, 

With reference to aforesaid subject, we would like to submit that M/s JSW Steel Limited 
has obtained the Environment Clearance for Nuagaon Iron ore mine for expansion in Iron Ore 
production from 5.2 Million TPA to 7.99 Million TPA (ROM) along with existing 2.0 Million 
TPA Beneficiation Plant and Crusher and Screen Plants in the mine lease area of 767.284 Ha 
located in the village(s) of Nuagaon, Guali, Topadihi, Barapada and Katasahi, Tehesil- Barbil, 
Keonjhar District, Odisha from MOEF&CC, GOI on 05.08.2021. 

 
To comply the EC Standard condition (I. Statutory Compliance point no 5), a copy of 

environment clearance is submitted for your kind record and perusal. 
 

Thanking you, 
 
Yours Faithfully  
For JSW Steel Ltd 
 

 
Baswaraj M Dalgade 
(Authorized Signatory)  
 
Encl: As above 
 
 

http://www.jsw.in/
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Lawyers suspend boycott 
of Chief Justice court
E X P R E S S  N E W S  S E R V I C E 
@ Cuttack

THE Orissa High Court Bar 
Association (OHCBA) on 
Monday suspended its boy-
cott of  the Chief  Justice’s 
court. 

OHCBA member law-
yers were boycotting 
the Chief  Justice’s 
court since live stream-
ing of  the court pro-
ceedings was started on 
August 2. The live stream-
ing of  the proceedings was 
started on trial basis on that 
day and then discontinued 
till another trial run on Mon-
day from 2 pm. 

The association has been 
demanding immediate with-

drawal of  the High Court of  
Orissa Live Streaming of  
Court Proceedings Rules, 
2021 as it was implemented 
without taking into consid-
eration the views and sugges-
tion of  the association and 
the pros and cons. 

OHCBA secretary JK 
Lenka said the decision 
to suspend abstention 
of  the court of  Chief  
Justice by member law-

yers was taken by the 
general body. 
A final decision will be tak-

en after a meeting with the 
Chief  Justice, he said and 
added that a committee 
formed for the purpose will 
represent OHCBA at the 
meeting to be held soon.

E X P R E S S  N E W S  S E R V I C E 
@ Bhubaneswar

WITH the Covid pandemic still 
raging strong, the Odisha gov-
ernment on Monday said there 
will be no public celebration of  
festivals across the State in-
cluding Ganesh Puja, Durga 
Puja, Laxmi Puja and Kali Puja 
this year too. 

However, festival rituals in 
temples and other places of  
worship will continue as usual 
with a limited persons. Ganesh 
Puja has been allowed in educa-
tional institutions but with 
participation of  a limited 
number of  students and strict 
adherence to Covid norms.

Releasing the guidelines, 
Chief  Secretary Suresh Maha-

patra said, “It is not possible to 
adhere to Covid appropriate 
behaviour during celebration 
of  puja festivals and congrega-
tions have potential to cause 
spread of  the virus. Pujas are 
to be conducted in an indoor-
like condition only for observ-
ance of  rituals without public 

participation.”
For conducting puja in pan-

dals and mandaps, the organis-
ers will have to get necessary 
permission from the district 
magistrate or any other officer 
authorised by him. In Bhu-
baneswar and Cuttack, permis-
sion will be given by the Com-

missioner of  Police of  the two 
cities or any other officer au-
thorised by him. 

The guidelines issued by the 
office of  the Special Relief  
Commissioner (SRC) said that 
there should not be more than 
seven persons including organ-
isers and priests and support 
staff  present in the puja pandal 
or mandap. “There will be no 
public darshan for devotees. 
Puja pandals or mandaps have 
to be covered on three sides. 
The fourth side shall also be 
covered in a way not to allow 
any public view of  the idols. 
The size of  idols should be less 
than four feet and no public ad-
dress system is allowed,” the 
SRC order said. 

The persons present at puja 

pandal or mandap will have to fol-
low all Covid protocols and abide 
by any other conditions as im-
posed by local administration.

The SRC order said that 
there would be no immersion 
procession and idols will be im-
mersed in artificial ponds cre-
ated by the local administra-
tion.  Community feasts 
associated with the festivals or 
pujas have also been banned.

“Any person found violating 
the guidelines will be punished 
in accordance with the provi-
sions of  Section 51 to 60 of  the 
Disaster Management Act, 2005 
and the Epidemic Diseases Act, 
1897 besides legal action under 
Section 188 of  IPC and other le-
gal provisions as applicable,” 
the order added.   

No public celebration of Pujas this year too
GOVERNMENT LOCKS ALL FESTIVALS

FESTIVE SEASON  
UNDER VIRUS SHADOW
Ganesh Puja, 
Durga Puja, 

Laxmi Puja and 
Kali Puja

Permission 
from Collector 

must

CP to allow festivals at 
mandap in Twin City

Only 7 
persons to 
be allowed 

in a 
mandap or 

pandal

Idol 
height in 
mandap 

or pandal - 
4 ft or less 

Rent-free land for Bagchi Cancer 
Centre gets Cabinet approval
E X P R E S S  N E W S  S E R V I C E 
@ Bhubaneswar

THE State Cabinet on Monday 
approved the Revenue depart-
ment’s proposal to provide gov-
ernment land measuring 20 
acre each in Infocity-II for es-
tablishment of  Bagchi-Sri 
Shankar Cancer Centre and 
Research Institute, and Bagchi 
Karunashraya Palliative Care 
Centre on payment of  a token 
`1 per annum towards annual 
ground rent and cess.

The Cabinet meeting chaired 
by Chief  Minister Naveen Pat-
naik also decided to waive off  
stamp duty and registration 
fees amounting `2.92 crore for 
execution of  lease deed of  the 
land in Chandihata mouza of  
Khurda district.

Chief  Secretary Suresh Ma-
hapatra said the State govern-
ment is committed to fulfil the 
healthcare needs of  the people 
in an equitable, efficient, trans-
p a re n t  a n d  t i m e - b o u n d 
manner.

The Cabinet further ap-
proved the proposal for lease 
of  18.23 acre of  government 
land in Kalamati mouza under 

Sambalpur tehsil in favour of  
the Director, IIM Indore and 
Mentor Director, IIM Sam-
balpur for establishment of  a 
permanent campus of  IIM 
Sambalpur.

The land is given free of  pre-
mium and incidental charges 
subject to payment of  `100 per 
acre per annum towards an-
nual ground rent and cess at 
the rate of  75 per cent of  the 
ground rent. The government 
would have to forgo over `4.21 
crore on non-recurring basis 
(one time) and another `6.67 
lakh on recurring basis.

In a separate decision, the 
Cabinet approved the lowest 
tur nkey tender of  TATA 
Projects Ltd amounting to 
`331.28 for execution of  Shree 
Mandira Parikrama project in 
the heritage city of  Puri under 
ABADHA scheme. The work is 
targeted for completion within 
a period of 18 months, Mahap-
atra said.

The Cabinet also approved 16 
proposals including appoint-
ment of  Anjan Kumar Manik, 
retired IAS officer, as member 
in the Odisha Public Service 
Commission.

The State 
government is 

committed to fulfil 
the healthcare 

needs of the people 
in an equitable, 

efficient, 
transparent and 

time-bound 
manner

Suresh Mahapatra, 
Chief Secretary

OTHER 
DECISIONS

Proposal for 
lease of 18.23 

acre of govt land 
to IIM Sambalpur

Lowest turnkey 
tender of TATA 
Projects Ltd for 

execution of 
heritage plan in 

Puri

Appointment of 
retired IAS 

officer Anjan 
Manik as 

member in OPSC

Six held with brown 
sugar worth over `1 cr
Cuttack: Commissionerate 
Police on Monday arrested six 
persons and seized 1.159 kg 
brown sugar worth over `1 
crore from them. The accused 
are Debasis Das (23) of 
Kujang, Ullash Chandra Das 
(45) of Jamudanda, Lara Bhoi 
(25) of Alana Hata, Muna 
Sahu (31) of Alana Hat Teli 
Sahi in Jagatsighpur, 
Chaturbhuja Barik (27) of 
Satapola in Puri and Manas 
Chand (26) of Sahebzada 
Bazar in Cuttack.  Briefing 
media persons, Commissioner 
of Police Soumendra 
Priyadarshi said acting on 
specific intelligence input 
about assembling of some 
drug peddlers at the backside 
of RNT School for supplying 
brown sugar to local dealers, a 
team of Lalbag police along 
with the special squad raided 
the spot and apprehended the 
accused with two 
motorcycles. During search, six 
polythene pockets containing 
1.159 kg brown sugar worth 
`1.10 were seized from them. 
The accused used to procure 
the contraband from Balasore 
and supplied to dealers in 
different districts.

E X P R E S S  R E A D

SRC order

Pujas are to be conducted in an indoor-
like condition only for observance of 
rituals without public participation

E X P R E S S  N E W S  S E R V I C E  @ Bhubaneswar

OF the 374 educationally backward dis-
tricts in the country, 18 are in Odisha. 
This was informed by Union Education 
Minister Dharmendra Pradhan while re-
plying to a question in the Lok Sabha by 
MPs Rama Devi and Harish 
Dwivedi.

An expert committee consti-
tuted by the University Grants 
Commission (UGC) has identi-
fied these districts based on vari-
ous educational parameters in-
cluding gross enrollment ratio, 
college population ratio and average en-
rollment per college.

The districts are Angul, Balangir, Bar-
garh, Boudh, Deogarh, Dhenkanal, Gajap-
ati, Ganjam, Kalahandi, Kandhamal, 
Keonjhar, Koraput, Malkangiri, Na-
barangpur, Nayagarh, Nuapada, Raya-

gada and Sonepur.
As per UGC, Odisha has the highest 

number of  educationally backward dis-
tricts compared to its neighbour Andhra 
Pradesh which has 11 such districts, 
Chhattisgarh (15), Jharkhand (12) and 

West Bengal (17).  
The Union Minister informed 
that the Centre has taken a 
number of  measures to improve 
the educational standards in the 
country with special focus on the 
educationally backward dis-

tricts. The measures include inte-
grated scheme for School Education 

- Samagra Shiksha - that enables all chil-
dren to have access to quality education 
with an equitable and inclusive class-
room environment. The scheme covers 
11.6 lakh schools, over 15.6 crore students 
and 57 lakh teachers of  government and 
aided schools.  

18 dists are educationally backward

   All the news. In just a click.  
  Log to www.newindianexpress.com
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JSW STEEL LIMITED, ODISHA
Notice is herewith given to all that Government of India, 

Ministry of Environment, Forest and Climate Change has 
accorded Environmental Clearance as recommended by 
EAC during its 31st and 32nd EAC meetings with specific 
and Standard conditions for the Nuagaon Iron-ore mine 
of M/s JSW Steel Limited for expansion in Iron-ore 
production from 5.62 MTPA to 7.99 MTPA (ROM) along 
with existing 2.0 MTPA Beneficiation plant and Crusher 
and Screen Plants in the mine lease area of 603.666Ha 
(FC available 476.205 + non-forest area 127.461Ha) out 
of total lease area 767.284Ha located in the village(s) 
of Nuagaon, Guali, Topadihi, Barapada and Katasahi, 
Tehsil-Barbil, Dist- Keonjhar, Odisha on 5th August 2021 
in accordance with the Environmental Impact assessment 
Notification, 2006 and further amendments thereto.

Copies of the Environment clearance letter are 
available with the State Pollution control Board/Com-
mittee and may also be seen on the website of the 
Ministry of Environment, Forest and Climate Change at  
www.parivesh.nic.in .

PUBLIC NOTICE



ସର୍ବସାଧାରଣ ରଜି୍ଞପ୍ ି
ଜେଏସ୍ ଡର୍ଲୟ୍ୁ ଷ୍ଲି୍ ଲମିଜିେଡ୍ , ଓଡଶିା

ପରବିେଶ, ଜଙ୍ଗଲ ଓ ଜଳୋୟ ୁପରେିର୍ତ୍ତନ ମନ୍ତ୍ରଣାଳୟ, ଭାରତ 
ସରକାର ଏହାର ୩୧ତମ ତଥା ୩୨ ତମ େବିଶଷଜ୍ଞ ମଲୂ୍ାଙ୍କନ 
କମଟି ି(ଇଏସ)ି ବେୈଠକବର ପରବିେଶ ପ୍ରଭାେ ଆକଳନ େଜି୍ଞପ୍,ି 
୨୦୦୬ ଆଧାରବର ୫ ଅଗଷ୍ଟ ୨୦୨୧ ବର ନରି୍ଦ୍ଦିଷ୍ଟ ତଥା ମାନକ ସର୍ତ୍ତ 
ସହତି ନୂଆଗାଁ, ଗଆୁଳ,ି ଜୋପାଡହି,ି ରରପଦା ଏରଂ କାେସାହ,ି 
ତହସଲି-ରଡରଲି, େଲିା-ଜକନୁ୍ଝର, ଓଡଶିାର ଗ୍ାମ(ଗଡୁକି)ଜର 
ଅରସ୍ତି ଜମସସ୍ବ ଜେଏସ୍ ଡର୍ଲୟ୍ୁ ଷ୍ଲି୍ ଲମିଜିେଡ୍ , ଓଡଶିାର ନୂଆଗାଁ 
ଲୁହାପଥର ଖଣରି ଲୁହାପଥର ଉତ୍ାଦନକୁ ଜମାେ ଲେି ଅଞ୍ଚଳ 
୭୬୭.୨୮୪ଜହକ୍ଟର ମଧ୍ୟରୁ ଖଣ ି ଲେି ଅଞ୍ଚଳଜର ଥିରା 
୬୦୩.୬୬୬ ଜହକ୍ଟର (ଏଫ୍ ସ ିଉପଲବ୍ଧ ୪୭୬.୨୦୫ + ଅଣ-
େଙ୍ଗଲ ଜଷେତ୍ର ୧୨୭.୪୬୧ ଜହକ୍ଟର)ଜର ଥିରା ରର୍୍ବମାନର ୨.୦ 
ଏମ୍ େପିଏି ଜରନଫିିଜକସନ୍ ପ୍ଲାଣ୍ଟ ଓ କ୍ରସର ଏରଂ ସ୍କ୍ନି ପ୍ଲାଣ୍ଟ ସହତି 
୫.୬୨ ଏମ୍ େପିଏି ରୁ ୭.୯୯ ଏମ୍ େପିଏି (ଆର୍ ଓଏମ୍ )କୁ ରୃଦ୍ ି
କରେିା ପାଇଁ ପରେର୍ତ୍ତତୀ ସଂବଶାଧନ ପରତ୍ତ୍ନ୍ତ ପରବିେଶ ମଞ୍ରୁତୀ 
ପ୍ରଦାନ କର ିେଜି୍ଞପ୍ ିବଦଇଛ।ି
ରାଜ୍ ପ୍ରଦୂଷଣ ନୟିନ୍ତ୍ରଣ ବୋରତ୍ତ / କମଟିଠିାବର ପରବିେଶ ମଞ୍ରୁତୀ 
ଚଠିରି ନକଲ ଉପଲବ୍ଧ ଏେଂ ଏହା ପରବିେଶ, ଜଙ୍ଗଲ ଓ ଜଳୋୟ ୁ
ପରେିର୍ତ୍ତନ ମନ୍ତ୍ରଣାଳୟର ବେବ୍ ସାଇଟ www.parivesh.nic.in 
ବର ମଧ୍ୟ ବଦଖାରାଇପାବର।

୩ରାେୟୁ୧୧ ଅଗଷ୍, ୨୦୨୧

୨୩ରୁ ଏକକ ପଜି ିପ୍ରବେଶକିା ପରୀକ୍ା

ମାଲୋହୀ ବରଳର  ୧୩ ଡୋ ଧାରଣାଚୁୟୁତ

ତ୍ଚିରୁି ଅଭଯିକୁ୍ତ ଗରିଫକବପପୋବରସନ୍  େୟୁାଙ୍କର 
୫.୬ ବକାଟ ିଋଣ ଠବକଇ

ଭୁେବନଶ୍ବର,୧୦ା୮(ନ.ିପ୍ର): କବପତ୍ତାବରସନ୍ େ୍ାଙ୍କର 
୫.୬୨ ବକାଟ ିଟଙ୍କା ଠବକଇ ମାମଲାବର ରାଜ୍ 
ଅଥତ୍ତବନୈତକି ଅପରାଧ ଶାଖା ମଖୁ୍ ଅଭରିକୁ୍ତ ଏସ୍  
କାବଥରସିାନଙୁ୍କ ତାମଲିନାରୁର ତ୍ଚିରୁି ଗରିଫ କରଛି।ି 
ବକାଟ ିବକାଟ ିଟଙ୍କା ଠବକଇ କରେିା ପବର କାବଥରସିାନ୍ 
ତାମଲି୍ ନାରୁ ତ୍ଚିପିଲ୍ତୀ ଜଲିାର ଥଭୁାକୁର ିଥାନା ଅଧତୀନ 
ଜ୍ଞାନାଓଲ ିଗ୍ାମକୁ ପଳାଇଥିବଲ। ତାଙୁ୍କ ଗତକାଲ ିଗରିଫ 
କରେିା ପବର ଅଥତ୍ତବନୈତକି ଅପରାଧ ଶାଖା 
ତ୍ଚିନିାପଲ୍ତୀସ୍ତି େଚିାର େଭିାଗତୀୟ ଦଣ୍ାଧତୀଶ ନକିଟବର 
ହାଜର କରଥିିଲା। କାବଥରସିାନଙୁ୍କ ପଲୁସି ଜମିାବର 
ଭୁେବନଶ୍ବର ଅଣାରାଇଛ।ି ଆସନ୍ତାକାଲ ିସ୍ାନତୀୟ 
ଉପଖଣ୍ େଚିାରେଭିାଗତୀୟ ଦଣ୍ାଧତୀଶ(ଏସ୍ ରବିଜଏମ୍ )ଙ୍କ 
ନକିଟବର କାବଥରାସାନଙୁ୍କ ହାଜର କରାରେି ବୋଲ ି
ଜଣାପରଛି।ି ୫ େଷତ୍ତ ପବର ଅଭରିକୁ୍ତକୁ ଠାେ 
କରାରାଇଛ।ି େର୍ତ୍ତମାନର ୟନୁଅିନ୍  େ ା୍ଙ୍କ ତଥା 

କବପତ୍ତାବରସନ୍  େ୍ାଙ୍କର ମଖୁ୍ ପରଚିାଳକ ବକ ଏନ୍ 
ନରସତୀମାଙ୍କ ଅଭବିରାଗକ୍ରବମ ଅଥତ୍ତବନୈତକି ଅପରାଧ 
ଶାଖା ୨୦୧୫ ବଫେୃଆରତୀ ୯ବର ମାମଲା ରୁଜୁ 
କରଥିିଲା। ଅଭବିରାଗ ଅନୁସାବର ୨୦୦୯ବର ‘ବମସସତ୍ତ 
ଜଗନ୍ାଥ ଫାଇନାନ୍ସ ସଭ୍ଦିବସସ୍  ଲମିବିଟର’ର 

ପରଚିାଳନା ନବିଦତ୍ତଶକ ତଥା ‘ବମସସତ୍ତ ବକଏଏସ୍  
ଫାଉବଣ୍ସନ୍ ’ର ମଖୁ  ୍ ନେିତ୍ତାହତୀ ଅଧିକାରତୀ ଏସ୍  
କାବଥରସିାନ୍ କବପତ୍ତାବରସନ୍  େ୍ାଙ୍କବର ୫ ବକାଟ ି
ଟଙ୍କାର ଏକ କୃଷ ିଋଣ ପାଇଁ ଆବେଦନ କରଥିିବଲ। 
ରାଜ୍ର େଭିନି୍ ସ୍ବୟଂ ସହାୟକିା ବଗାଷ୍ତୀକୁ କୃଷ ି
ଉପକରଣ ବରାଗାଇ ବଦୋ ଲାଗ ିେ୍ାଙ୍କ ଏହ ିଋଣକୁ 

ମଞ୍ରୁ କରଥିିଲା। ବମସସତ୍ତ ଜଗନ୍ାଥର ପରଚିାଳନା 
ନବିଦତ୍ତଶକ କାବଥରସିାନ୍  ଏହ ିଋଣ ବନୋ ପବର 
ପରବିଶାଧ ୋେଦବର କଛି ିମାସ କସି୍ ିବପୈଠ କରଥିିବଲ। 
୨୦୧୧ବର ହଠାତ୍  କାବଥରସିାନ୍  କସି୍ ିବଦୋ େନ୍ଦ କର ି
ବଦଇଥିବଲ। 

େ ା୍ଙ୍କ ପକ୍ଷରୁ ଏହ ିଋଣ ୋେଦ ବଖାଳତାଡ଼ 
ଆରମ୍ଭ ବହାଇଥିଲା। ଏବେ ଏହ ିଋଣ ୫.୬୨ ବକାଟ ି
ଟଙ୍କାବର ପହଞ୍ଛି।ି େ୍ାଙ୍କ ପକ୍ଷରୁ ବଖାଳତାଡ଼ କରାରେିା 
ବେବଳ କାବଥରସିାନ୍  ଋଣ ବନୋ ଲାଗ ିବରଉଁ 
କାଗଜପତ୍ ଦାଖଲ କରଥିିବଲ ବସସେୁ ଜାଲ୍  ବୋଲ ି
ଜଣାପରଥିିଲା। ବସଭଳ ିବକୌଣସ ିଚାଷ କାରତ୍ତ୍ ପାଇଁ 
ଉପକରଣ କଣିା ରାଇ ନ ଥିୋ ଜଣାରାଇଥିଲା। ଠବକଇ 
ଉବର୍ଦଶ୍ବର ଏହ ିଜାଲଆିତ ିକରାରାଇଥିୋ ତଦନ୍ତ 
ବେବଳ ଜଣାପରଛି।ି ଏହ ିଅଥତ୍ତକୁ କାବଥରସିାନ୍  ତାଙ୍କ 
େ୍କ୍ତଗିତ କାରତ୍ତ୍ବର ନବିୟାଜତି କରଥିିବଲ।

ଗରିଫ କଲା ରାଜୟୁ 
ଅରପେବ�ୈତକି ଅପରାଧ ଶାଖା

ଝାରସଗୁଡୁା,ସେୁର୍ପେପରୁବର ଆକ୍ାନ୍ତ ଶ�ୂ

ଭଦ୍ରକ,୧୦ା୮(ସପ୍ର): ଭଦ୍ରକ ଚରମ୍ାସ୍ତି 
ଧାମରା ବରଳ ବପାଲ ନକିଟବର ବରଳ 
ଧାରଣାଚୁ୍ତ ବହାଇଥିୋ ଜଣାପଡ଼ଛି।ି 
ଖାଲ ିଥିୋ ବରଳଟ ିଧାମରା ଅଭମିବୁଖ 

ରାଉଥିୋ ସମୟବର ଅପରାହ୍ଣ ୨ଟାବର 
ଏଭଳ ିଅଘଟଣ ଘଟଛି।ି ବରଳବର 
ବମାଟ ୬୦ଟ ିରୋ ଥିଲା। ଏଥିମଧ୍ୟରୁ 
୧୩ଟ ିରୋ ଧାରଣାଚୁ୍ତ ବହାଇଛ।ି 

ବତବେ ବରଳ ଇଞ୍ନି ସରୁକ୍ଷତି 
ରହଛି।ି ଖେର ବଲଖା ବହୋବେଳକୁ 
ବରଳୋଇର ଏକ ସ୍ୱତନ୍ତ୍ର ଦଳ ପହଞ୍ ି
ସ୍ତି ିଅନୁଧ୍ୟାନ କରୁଛନ୍ତ।ି

୩ଟ ିଅଧିବେଶ�ବର 
୩ ବସବପଟେମ୍ବର 
ପଯପେୟୁନ୍ତ ଚାଲିେ

୧୭ ଯାଏ ଘଞୁ୍ଲିା େ.ିବଟକ୍ ପଞ୍ୀକରଣ
ଭୁେବନଶ୍ବର, ୧୦ା୮(ନ.ିପ୍ର):  ଓଡ଼ଶିା ରଗୁ୍ମ 
ପ୍ରବେଶକିା ପରତୀକ୍ଷା (ଓବଜଇଇ) ଦ୍ବାରା ପରଚିାଳତି 
େ.ିବଟକ୍  ପ୍ରବେଶକିା ପରତୀକ୍ଷା ପଞ୍ତୀକରଣ ଅେଧିକୁ 
ଆସନ୍ତା ୧୭ ତାରଖି ପରତ୍ତ୍ନ୍ତ େୃଦ୍ ିକରାରାଇଛ।ି 
ଏବନଇ ମଙ୍ଗଳୋର ଓବଜଇଇ ପକ୍ଷରୁେଜି୍ଞପ୍ ି
ପ୍ରକାଶ ପାଇଛ।ି ପଞ୍ତୀକରଣ ବଶଷ ତାରଖି ଅଗଷ୍ଟ 
୧୦ ଥିଲା। ପଞ୍ତୀକରଣ ସମୟ ସତୀମା ୧୭ ତାରଖି 

ରାତ ି୧୧.୫୯ ମନିଟି ଥିୋବେବଳ ବଦୟ ଦାଖଲ 
ଅେଧି ୧୮ ତାରଖି ରାତ ି୧୧.୫୯ ମନିଟି ରହଛି।ି 
ଓବଜଇଇ ବେେସାଇଟ୍  (www.ojee.nic.in)
କୁ ଲଗଇନ କର ିଛାତ୍ଛାତ୍ତୀ ପଞ୍ତୀକରଣ କରପିାରବିେ। 
ବରଉଁ େଦି୍ାଥତ୍ତତୀ ପେୂତ୍ତରୁ ପଞ୍ତୀକରଣ କରସିାରଛିନ୍ତ ିଏହ ି
ଅେଧି ମଧ୍ୟବର ବସମାବନ ଚାହ ିଁବଲ ପରତୀକ୍ଷା ବକନ୍ଦ୍ର, 
ସହର ପରେିର୍ତ୍ତନ କରପିାରବିେ। ପରେର୍ତ୍ତତୀ ସମୟବର 
ଆଉ ଅେଧି େୃଦ୍ ିକରାରେିା ସମ୍ଭାେନା ନାହ ିଁ ବୋଲ ି

େଜି୍ଞପ୍ବିର ଉବଲ୍ଖ କରାରାଇଛ।ି

ଭୁେବନଶ୍ବର, ୧୦ା୮(ନ.ିପ୍ର): ଉଚ୍ଚଶକି୍ଷା େଭିାଗ ଅଧତୀନସ୍ ରାଜ୍ର ସମସ୍ 
େଶି୍ବେଦି୍ାଳୟ, ସ୍ବଂୟଶାସତି ମହାେଦି୍ାଳୟ ଏେଂ ସ୍ାତବକାର୍ର(ପଜି)ି ଉପଲବ୍ଧ 
ଥିୋ ରଗି୍ତୀ ମହାେଦି୍ାଳୟବର ପଜି ିପାଠ୍କ୍ରମବର ନାମବଲଖାଇୋ ନମିବନ୍ତ ୨୩ 
ତାରଖିରୁ ଏକକ ସ୍ାତବକାର୍ର ପ୍ରବେଶକିା ପରତୀକ୍ଷା (ସପିଜିଇିଟ)ି ଅନୁଷ୍ତି ବହେ। 
ଏବନଇ  େଭିାଗ ପକ୍ଷରୁ େଜି୍ଞାପନ ପ୍ରକାଶ ପାଇଛ।ି ପରତୀକ୍ଷା ତନିଟି ିଅଧିବେଶନ 

(ବସସନ)ବର କରାରେି। ପ୍ରଥମ ଅଧିବେଶନ 
ପେୂତ୍ତାହ୍ଣ ୧୦ଟାରୁ ଆରମ୍ଭ ବହାଇ ସାବେ ୧୧ଟା 
ପରତ୍ତ୍ନ୍ତ ଚାଲେି। ଦ୍ବତିତୀୟ ଅଧିବେଶନ 
୧୨.୩୦ ମନିଟିରୁ ଅପରାହ୍ଣ ୨ଟା ପରତ୍ତ୍ନ୍ତ 
ଏେଂ ତୃତତୀୟ ଅଧିବେଶନ ଅପରାହ୍ଣ 

୩ଟାରୁ ସାବେ ୪ଟା ରାଏଁ ଚାଲେି। ପରତୀକ୍ଷା ବସବପଟେମ୍ବର ୩ବର ବଶଷ ବହେ ବୋଲ ି
େଭିାଗ ପକ୍ଷରୁ ପ୍ରକାଶତି େଜି୍ଞାପନବର ଉବଲ୍ଖ କରାରାଇଛ।ି କଳା, ୋଣଜି୍ ଏେଂ 
େଜି୍ଞାନ େଭିାଗର ବମାଟ ୪୭ଟ ିେଷିୟ ପାଇଁ ପ୍ରବେଶକିା ପରତୀକ୍ଷା ଅନୁଷ୍ତି ବହେ। ୨୩ 
ତାରଖି ପ୍ରଥମ ଅଧିବେଶନବର କଳା ଓ େଜି୍ଞାନ େଭିାଗର ମାନେଶାସ୍ତ୍ର, ଦ୍ବତିତୀୟ 
ଅଧିବେଶନବର ଭୂବଗାଳ ଏେଂ ତୃତତୀୟ ଅଧିବେଶନବର ଏମ୍ େଏି(ୋଣଜି୍ ପ୍ରଶାସନ) 
ପରତୀକ୍ଷା ରହଛି।ି ୨୪ବର ପ୍ରଥମ ଅଧିବେଶନବର ପଦାଥତ୍ତ େଜି୍ଞାନ, ଦ୍ବତିତୀୟ ଅଧିବେଶନବର 
ଏଲ୍ ଏଲ୍ ଏମ୍  ଓ ଇବଲକବରେନକି୍ ବଟଲକିମୁ୍ ନବିକସନ ଏେଂ ତୃତତୀୟ ଅଧିବେଶନବର 
ୋଣଜି୍ େଷିୟର ପରତୀକ୍ଷା ରହଛି।ି ଏହପିର ିଭାବେ ୩ ତାରଖି ପରତ୍ତ୍ନ୍ତ ଅନ୍ାନ୍ 
େଷିୟଗରୁକି ପାଇଁ ପ୍ରବେଶକିା ପରତୀକ୍ଷା କରାରେି ବୋଲ ିେଭିାଗ ପକ୍ଷରୁ କୁହାରାଇଛ।ି

୧୪ ପଯପେୟୁନ୍ତ େଜୁିଳ ିଘଡଘଡ ିସହ େରପୋ
ଭୁେବନଶ୍ବର, ୧୦ା୮(ନ.ିପ୍ର): ଆସନ୍ତା ୫ରୁ ୬ ଦନି ପରତ୍୍ତ ନ୍ତ ରାଜ୍ବର ଦକ୍ଷଣି 
ପଶ୍ମି ବମୌସମୁ ିୋୟ ୁଦୁେତ୍ତଳ ରହେି ବୋଲ ିଭୁେବନଶ୍ବର ଆଞ୍ଳକି ପାଣପିାଗ ବକନ୍ଦ୍ର 
ପକ୍ଷରୁ ଆକଳନ କରାରାଇଛ।ି େଷତ୍ତା ପରମିାଣ କମେିା ବରାଗୁ ଁରାଜ୍ବର ନଅିଣ୍ଆି 
େଷତ୍ତା େୃଦ୍ ିପାଉଛ।ି ବତବେ ପାଣପିାଗ ବକନ୍ଦ୍ରର ପେୂତ୍ତାନୁମାନ କହୁଛ,ି ବମୌସମୁ ିଦୁେତ୍ତଳ 
ରହେିା ସବର୍୍ବ ଆସନ୍ତା ୧୪ ତାରଖି ପରତ୍୍ତ ନ୍ତ ରାଜ୍ର େଭିନି୍ ଜଲିାବର େଜୁିଳ ି
ଘରଘର ିସହ େଷତ୍ତାର ପରମିାଣ େୃଦ୍ ିପାଇେ। େୁଧ ଓ ଗରୁୁୋର ଅଧିକ େଜ୍ରପାତ 
ସମ୍ଭାେନା ଥିୋବେବଳ ଶକୁ୍ର ଓ ଶନେିାର ଏହା ହ୍ାସ ପାଇେ। ଆସନ୍ତା ୨୪ ଘଣ୍ା 
ମଧ୍ୟବର ଉର୍ର ଓଡ଼ଶିାର ବକବତକ ସ୍ାନ ଏେଂ ଦକ୍ଷଣି ଓଡ଼ଶିାର ଅଳ୍ପ ବକବତକ 
ସ୍ାନବର େଜୁିଳ ିଘରଘର ିସହ େଷତ୍ତା ବହାଇପାବର। ୋବଲଶ୍ବର,  ଭଦ୍ରକ,  ରାଜପରୁ,  
ବକନ୍ଦ୍ରାପରା,  କଟକ,  ଜଗତସଂିହପରୁ,  ପରୁତୀ,  ବଖାଦ୍ତ୍ତା,  ନୟାଗର,  ଗଞ୍ାମ,  
ଗଜପତ,ି  ବକନୁ୍ଦଝର,  ମୟରୂଭଞ୍,  ଅନୁବଗାଳ,  ବେଙ୍କାନାଳ,  କନ୍ଧମାଳ ଏେଂ 
ରାୟଗରା ଜଲିାର ବଗାଟଏିରୁ ଦୁଇଟ ିସ୍ାନବର େଜ୍ରପାତ ଘଟେିାର ସମ୍ଭାେନା ରହଛି।ି 

୨.୯୨ ଲକ୍ ହତିାଧିକାରୀ 
ବ�ବଲ ଟକିା

ଭୁେବନଶ୍ୱର,୧୦ା୮(ନ.ିପ୍ର):ରାଜ୍ବର ଚାଲଥିିୋ 
ଟକିାକରଣ ଅଭରିାନବର ମଙ୍ଗଳୋର ୨ ଲକ୍ଷ ୯୨ହଜାର 
୮୦୪ ହତିାଧିକାରତୀ ସାମଲି ବହାଇଛନ୍ତ।ି ୧୫୮୫ 
ବକନ୍ଦ୍ରବର ବହାଇଥିୋ ଟକିାଦାନ କାରତ୍୍ତ କ୍ରମବର 
ସେତ୍ତାଧିକ ୧ଲକ୍ଷ ୯୯ହଜାର ୨୯୯ ପାନ ଟକିା 
ବକେଳ ରେୁେଗତ୍ତ ବନଇଛନ୍ତ।ି ଆଜରି ଏହ ି
ଟକିାଦାନକୁ ବନଇ ରାଜ୍ର ସଂଖ ା୍ ୧ବକାଟ ି
୮୪ଲକ୍ଷ ୫ହଜାର ୪୯୩ବର ପହଞ୍ଛି।ି 
ଆସନ୍ତାକାଲ ି୧୨୪୦ ବକନ୍ଦ୍ରବର ଟକିାକରଣ ବହେ। 
ଇତମିଧ୍ୟବର ୬୩ହଜାର ୬୦୮ ଗଭତ୍ତେତତୀଙୁ୍କ 
ଟକିାକରଣ ବହବଲଣ ିବୋଲ ିେଭିାଗ ପକ୍ଷରୁ 

କୁହାରାଇଛ।ି

ରାଜୟୁବର ଚହି୍ନଟ ବହବଲ 
୧୦୪୧; ୬୪ ମତୁୃୟୁ

ଭୁେବନଶ୍ବର,୧୦।୮(ନ.ିପ୍ର): ପଶ୍ମି ଓଡ଼ଶିାବର କବରାନା ମହାମାରତୀର 
ସ୍ତି ିବଦାହଲଲିାଣ।ି ପ୍ରତଦିନି ବଗାଟଏି ପବର ବଗାଟଏି ଜଲିା ଆକ୍ରାନ୍ତ 
ଶନୂ୍ ବହାଇ ଚାଲଥିିୋବେବଳ ପ୍ରାୟ ଜଲିା ଏବେ ନୟିନ୍ତ୍ରଣ େଳୟକୁ 
ଆସଗିଲାଣ।ି ଗତକାଲ ିରାଜ୍ବର ୫୬ହଜାର ୮୫୯ ନମନୁା ପରତୀକ୍ଷା 
କରାରାଇଥିୋବେବଳ ବସଥିରୁ ୧୦୪୧ ଆକ୍ରାନ୍ତ ଚହି୍ନଟ ବହାଇଛନ୍ତ।ି 

ଝାରସଗୁରୁା ଓ ସେୁର୍ତ୍ତପରୁବର ଜବଣ ବହବଲ ଆକ୍ରାନ୍ତ ୋହାର ିନାହାନ୍ତ।ି 
ବସହପିର ିେରଗଡ଼ବର ୩ ଜଣ ଆକ୍ରାନ୍ତ ଚହି୍ନଟ ବହାଇଥିୋବେବଳ 
େଲାଙ୍ଗତୀର ଓ ବେୌଦ୍ବର ଜବଣ, ଗଜପତବିର ୩, କଳାହାଣ୍,ି ବକାରାପଟୁ 
ଓ କନ୍ଧମାଳବର ୫ ବଲଖାଏଁ, ମାଲକାନଗରିବିର ୩, ନେରଙ୍ଗପରୁ ଓ 
ନୂଆପରାବର ୨ ବଲଖାଏଁ, ସମ୍ବଲପରୁବର ୯ ଆକ୍ରାନ୍ତ ୋହାରଛିନ୍ତ।ି 
ପଶ୍ମି ଓଡ଼ଶିାବର ଏବେ ପ୍ରାୟ ସମସ୍ ଜଲିାବର ସକ୍ରୟି ଆକ୍ରାନ୍ତଙ୍କ ସଂଖ୍ା 
ଦୁଇ ଅଙ୍କ ଭତିବର ରହଛିନ୍ତ।ି ଏହାୋଦ୍ ବଖାଦ୍ତ୍ତାବର ସେତ୍ତାଧିକ ୩୮୩ 
ଜଣ ଚହି୍ନଟ ବହାଇଥିୋ ବେବଳ କଟକରୁ ୧୩୨ ୋହାରଛିନ୍ତ।ି କଟକବର 

ସଂକ୍ରମଣ ଉପର ତଳ ବହଉଛ।ି କଟକ ଜଲିା ଧତୀବର ଧତୀବର 
ନୟିନ୍ତ୍ରଣ େଳୟ ଭତିରକୁ ଆସଛୁ।ି ଅେଶଷି୍ଟ ଜଲିାଗରୁକିବର 
ଆକ୍ରାନ୍ତ ଦୁଇଅଙ୍କ ଭତିବର ରହଛିନ୍ତ।ି ଆଜରି ଆକ୍ରାନ୍ତଙ୍କ 
ମଧ୍ୟରୁ ୬୦୫ ଜଣ ସଙ୍ଗବରାଧ ଏେଂ ୪୩୬ଟ ିସ୍ାନତୀୟ 
ସମ୍କତ୍ତରୁ ଚହି୍ନଟ ବହାଇଛନ୍ତ।ି ଆଜରି ଆକ୍ରାନ୍ତଙୁ୍କ ବନଇ 
ରାଜ୍ର ଆକ୍ରାନ୍ତଙ୍କ ସଂଖ୍ା ୯ ଲକ୍ଷ ୮୮ ହଜାର 
୯୯୭ବର ପହଞ୍ ିଥିୋବେବଳ ୧୦ ହଜାର ୯୮୮ ଜଣ 
ଏବେ ଚକିତି୍ାଧତୀନ ଅଛନ୍ତ।ି

ଅନ୍ପକ୍ଷବର ଆଜ ି୬୪ ଜଣଙ୍କ କବରାନାବର ମତୁୃ୍ 
ଘଟଥିିୋ ସ୍ବାସ୍୍ େଭିାଗ ପକ୍ଷରୁ ଦଶତ୍ତାରାଇଛ।ି ଆଜରି ମତୁୃ୍କୁ 
ବନଇ ରାଜ୍ବର କବରାନା ମତୁୃ୍ ସଂଖ୍ା ୬ହଜାର ୫୬୫ବର 
ପହଞ୍ଛି।ି ଏଥିବର ସେତ୍ତାଧିକ ବଖାଦ୍ତ୍ତାରୁ ୨୦ ଜଣଙ୍କ ମତୁୃ୍ 
ବହାଇଥିୋବେବଳ ସନୁ୍ଦରଗଡ଼ରୁ ୮, ୋବଲଶ୍ୱରରୁ ୬, କନ୍ଧମାଳରୁ 
୪, କଟକ, ରାଜପରୁ, ମୟରୂଭଞ୍, ନୟାଗଡ଼ ଓ ପରୁତୀରୁ ୩ ଜଣ 
ବଲଖାଏ,ଁ ଅନୁବଗାଳ, ବଦେଗଡ଼ ଓ ଝାରସଗୁଡୁ଼ାରୁ ୨ ଜଣ 
ବଲଖାଏ ଁଏେଂ େଲାଙ୍ଗରି, ବେଙ୍କାନାଳ, ଗଞ୍ାମ, ଜଗତସଂିହପରୁ 
ଓ ସମ୍ବଲପରୁରୁ ଜବଣ ବଲଖାଏ ଁମତୁୃ୍େରଣ କରଛିନ୍ତ।ି

ହାଜର ବହବଲ� ିେରପୋ, ଅ�ୁଭେ; 
ଶଣୁାଣ ି୧୮କୁ ଘଞୁ୍ଲିା

କଟକ,୧୦।୮(େୁ୍ବରା): କଟକ 
ପରେିାର ଅଦାଲତବର ଆଜ ିଅଭବିନତା 
ତଥା ସାଂସଦ ଅନୁଭେ ମହାନ୍ତ ି ଓ 
ଅଭବିନତ୍ତୀ େଷତ୍ତା ପ୍ରୟିଦଶ୍ଦିନତୀ ଅନୁପସ୍ତି 
ଥିବଲ। ଫଳବର ମାମଲା ଅନୁଭେଙ୍କ 
ତରଫରୁ ଦାୟର ଛାଡ଼ପତ୍ ମାମଲାର 
ଶଣୁାଣ ିଅଗଷ୍ଟ ୧୮କୁ ଧାରତ୍୍ତ  ବହାଇଛ।ି 
ଦଲି୍ତୀବର ଥିୋରୁ ଅନୁଭେ ଆସ ିପାର ି
ନଥି ବଲ। ଅନ୍ପକ୍ଷବର େଷତ୍ତା େ୍କ୍ତଗିତ 
କାରଣରୁ ଅନୁପସ୍ତି ରହଥିିୋ ବନଇ 
ଉଭୟ ପକ୍ଷଙ୍କ ଓକଲି ଅଦାଲତଙୁ୍କ ଅେଗତ 
କରଥିିବଲ। ଅନୁଭେ ଦଲି୍ତୀର ପଟଆିଲା 
ହାଉସ ପରେିାର ଅଦାଲତବର ଛାଡ଼ପତ୍ 
ପାଇ ଁଗଲା େଷତ୍ତ ଜୁଲାଇ ୧୬ ବର କରଥିିୋ 
ଆବେଦନ ସବେତ୍ତାଚ୍ଚ ନ ା୍ୟାଳୟଙ୍କ 
ନବିଦତ୍ତଶବର କଟକ ପରେିାର ଅଦାଲତକୁ 
ସ୍ାନାନ୍ତର ବହାଇଥିଲା। 

ଆୟ େହଭୂିପେତ ସମ୍ପତ୍ ିଠୁଳ

ପରସିଂଖୟୁା� ସହାୟକଙ୍କ ଘବର ଚଢ଼ଉ
ପରୁତୀ,୧୦ା୮(ନ.ିପ୍ର):ଆୟ େହଭୂିତ୍ତତ ସମ୍ର୍ ିଠୁଳ ଅଭବିରାଗବର ପରୁତୀ ବପୌରାଞ୍ଳ 
ସମନ୍ବତି ଶଶି ୁେକିାଶ ପ୍ରକଳ୍ପବର କାରତ୍ତ୍ କରୁଥିୋ ପରସିଂଖ୍ାନ ସହାୟକ କୃଷ୍ଣଚନ୍ଦ୍ର 
ବଜନାଙ୍କ ଘବର ମଙ୍ଗଳୋର ଦୁନତ୍ତତୀତ ିନେିାରଣ େଭିାଗ ଚେଉ କରଛି।ି 

ତାଙ୍କ କାରତ୍ତ୍ାଳୟ ସବମତ ପରୁତୀ, ଭୁେବନଶ୍ବର ଏେଂ ବ୍ରହ୍ମଗରି ିୋସଭେନବର 
ତବିନାଟ ିଦଳ ତଲାସ ିଚଳାଇଛନ୍ତ।ି ଶ୍ତୀ ବଜନାଙ୍କର ଭୁେବନଶ୍ବର ଓ ପରୁତୀବର ତନିମିହଲା 
ବକାଠା, ୬ଟ ିୋସପବରାଗତୀ ଜମ,ି ଦୁଇଟ ିଚାରଚିକଆି ରାନ, ୧୦ଟ ିବମାଟରସାଇକଲ 
ଠାେ କରାରାଇଥିଲା ବେବଳ େଭିନି୍ େ୍ାଙ୍କବର ସ୍ାୟତୀ ଜମା ଆକାରବର ୪୯ଲକ୍ଷ ଟଙ୍କା 
ଥିୋ ଜଣାପରଛି।ି 

ଏଥିସହ େତୀମା କମ୍ାନତୀବର ୭.୫୨ଲକ୍ଷ ନବିେଶ ସହ ସ୍ାେର ଓ ଅସ୍ାେର ସମ୍ର୍ ି
ଠାେ ବହାଇଛ।ି ଶ୍ତୀ ବଜନାଙ୍କର ସମସ୍ ସମ୍ର୍ରି ପରମିାଣ ୧.୬୬ ବକାଟ ିଆକଳନ 
କରାରାଇଛ।ି ଚେଉ ଜାର ିରହଥିିୋ ଦୁନତ୍ତତୀତ ିନେିାରଣ ସତୂ୍ରୁ ଜଣାପରଛି।ି

ବେୈରୟକି ପରାମଶପେଦାତାଙ୍କ ୨.୦୪ ବକାଟ ିଠାେ
ଭୁେବନଶ୍ୱର,୧୦ା୮(ନ.ିପ୍ର): ଆୟ େହଭୂିତ୍ତତ ସମ୍ର୍ ିଠୁଳ ଅଭବିରାଗବର ମଙ୍ଗଳୋର 
ବରାରା େ୍ଲକ ସମଗ୍ ଶକି୍ଷା ଅଭରିାନର େରଷି୍ ବେୈଷୟକି ପରାମଶତ୍ତଦାତା ବକ୍ଷତ୍ୋସତୀ 
ମହନ୍ତଙ୍କ ୋସଭେନ ସବମତ ୪ଟ ିସ୍ାନବର ଦୁନତ୍ତତୀତ ିନେିାରଣ େଭିାଗ ପକ୍ଷରୁ 
ଚଢ଼ଉ କରାରାଇଛ।ି ଚଢ଼ଉ ବେବଳ ଶ୍ତୀ ମହନ୍ତଙ୍କର ବକନୁ୍ଦଝର ପେତି୍ରହିାବର ଏକ 
ଦୁଇମହଲା ବକାଠା ଓ କମରଗାରଆିବର ବଗାଟଏି ୋସପବରାଗତୀ ଜମ ିଥିୋ 
ଜଣାପରଛି।ି ଏହାେ୍ତତୀତ ତାଙ୍କର ଦୁଇଟ ିେସ, ତବିନାଟ ିଚାରଚିକଆି ରାନ, 
ବଗାଟଏି ବମାଟରସାଇକଲ, େଭିନି୍ େତୀମା କମ୍ାନତୀବର ୬୬ଲକ୍ଷ ଟଙ୍କାର ନବିେଶ 
ଏେଂ େ୍ାଙ୍କବର ୨.୪୨ଲକ୍ଷ ଟଙ୍କା ଜମା ଥିୋ ଜଣାପରଛି।ି ଶ୍ତୀ ମହନ୍ତଙ୍କର ସମସ୍ 
ସ୍ାେର ଓ ଅସ୍ାେର ସମ୍ର୍ରି ପରମିାଣ ୨.୦୪ ବକାଟ ିଟଙ୍କା ଆକଳନ କରାରାଇଛ।ି

ପା�ୀୟ ଜଳ ପ୍ରକଳ୍ପକୁ େବିରାଧକର ିପ୍ରଶାସ�-ଅଞ୍ଳୋସୀ ମହୁଁାମହୁ ିଁ

୩ ପଞ୍ାୟତବର ୧୪୪ ଧାରା

ଦୁଇ ପେୂପେତ� େଧିାୟକଙ୍କ 
ସହ ଶତାଧିକ ଗରିଫ

ରାଜକନକିା,୧୦ା୮(ନ.ିପ୍ର): ବକନ୍ଦ୍ରାପଡ଼ା ଜଲିା 
ରାଜକନକିା େ୍ଲକ୍ ର ଭାରଗିଦାଠାବର ଖରବ୍ାତା ନଦତୀରୁ 
ଭଦ୍ରକ ଜଲିା ପାଇଁ େୃହତ୍  ପାନତୀୟ ଜଳ ପ୍ରକଳ୍ପ କାରତ୍ତ୍କୁ 
ତତୀବ୍ର େବିରାଧ କରଛିନ୍ତ ିଅଞ୍ଳୋସତୀ। ଏହାକୁ ବନଇ 
ମଙ୍ଗଳୋର ପଲୁସି ପ୍ରଶାସନ ଓ ଅଞ୍ଳୋସତୀ ମହୁାଁମହୁ ିଁ 
ସ୍ତିବିର ରହଛିନ୍ତ।ି ଏଥିପାଇଁ େରୁଣାଡ଼ଆି ଛକ ନକିଟବର 
ଉବର୍ଜନା ପରସି୍ତି ିଲାଗରିହଛି।ି ପରସି୍ତି ିଏପର ି
ବହାଇଛ ିବର ପ୍ରକଳ୍ପସ୍ଳ ନକିଟକୁ ଲାଗ ିରହଥିିୋ 
ଭାରଗିଦା, ୋଳକାଟ ିଓ େରୁଣାରଆି ପଞ୍ାୟତବର 

ଆଜଠିାରୁ ୨ ମାସ ପରତ୍ତ୍ନ୍ତ ୧୪୪ ଧାରା ଲାଗ ୁ
କରାରାଇଛ।ି ମଙ୍ଗଳୋର ସକାଳୁ ଏକ ହଜାରରୁ ଅଧିକ 
ମହଳିା, ରେୁକ, ଚାଷତୀ ୧୪୪ ଧାରାକୁ ଖାତରି ନକର ି
ବଶାଭାରାତ୍ାବର ‘ଜତୀେନ ବଦେୁ, ପାଣ ିବଦେୁ ନାହ ିଁ’ 
ନାରା ବଦଇ ପ୍ରକଳ୍ପ କାରତ୍ତ୍ େନ୍ଦ କରେିାକୁ ଅଡ଼େିସଥିିବଲ। 
େରୁଣାଡ଼ଆି ଛକ ନକିଟବର ପଲୁସି ବସମାନଙୁ୍କ ୋଧା 
ବଦଇଥିଲା। ଆବନ୍ଦାଳନକାରତୀ କଟକ-ଚାନ୍ଦୋଲ ିରାସ୍ା 
ଉପବର େସରିହ ିପ୍ରକଳ୍ପ ସ୍ାନକୁ ରେିା ପାଇଁ ଅଡ଼ ି 
େସଥିିବଲ। ଅପରାହ୍ଣ ୪ଟାରୁ ରାତ ିପରତ୍ତ୍ନ୍ତ ପଲୁସି ଏେଂ 
ଗ୍ାମାୋସତୀଙ୍କ ମଧ୍ୟବର ଛକାପଞ୍ା ଲାଗରିହଥିିଲା। 

େରୁଣାଡ଼ଆି ରାସ୍ାବର ପଲୁସି ସହ ମହଳିାମାବନ 
ମହୁାଁମହୁ ିଁ ବହାଇଥିବଲ। ପଲୁସି ପ୍ରଶାସନ ବସମାନଙୁ୍କ 
ପ୍ରକଳ୍ପ ସ୍ାନକୁ ରେିାକୁ ଛାଡ଼ ିନଥିଲା।  ମହଳିାମାବନ  
ଟାୟାର ଜାଳ ିରାସ୍ା ଅେବରାଧ କରଥିିବଲ। ଏହ ି
କାରଣରୁ  ୮ଘଣ୍ାରୁ ଅଧିକ ସମୟ ଧର ିକଟକ- 
ଚାନ୍ଦୋଲ ିରାସ୍ା ଅେବରାଧ ବହାଇ ରହଥିିଲା। ଜଲିାପାଳ 
ଅମତୃ ଋତୁରାଜ ଓ ଆରକ୍ଷତୀ ଅଧତୀକ୍ଷକ ମଦକର ସନ୍ଦତୀପ 

ସମ୍ଦ ପ୍ରକଳ୍ପ କାରତ୍ତ୍ ସ୍ଳବର ରହ ିପରସି୍ତି ିଅନୁଧ୍ୟାନ 
କରଛିନ୍ତ।ି ଘଟଣାସ୍ଳବର େରଷି୍ ଅଧିକାରତୀଙ୍କ ସହ ୧୨ 
ପ୍ଲାଟୁନ୍  ପଲୁସି େଳ ମତୁୟନ ବହାଇଛନ୍ତ।ି  

ମଙ୍ଗଳୋର ବଭାର ୪ଟାରୁ ପଲୁସି େଳ ସହତି 
ପ୍ରକଳ୍ପ କାରତ୍ତ୍ କରୁଥିୋ କମ୍ାନତୀ କମତ୍ତଚାରତୀ ସରୁକ୍ଷା 
େଳୟ ମଧ୍ୟବର ଖରବ୍ାତା ନଦତୀ କୂଳବର ପହଞ୍ଥିିବଲ।  
ବସମାବନ ପ୍ରକଳ୍ପ କାରତ୍ତ୍ ଆରମ୍ଭ କରୁଥିୋ ଜଣାପଡ଼େିା 

ପବର ସକାବଳ ଆଳ ିପେୂତ୍ତତନ େଧିାୟକ ବଦାଳବଗାେନି୍ଦ 
ନାୟକ, ପେୂତ୍ତତନ େଧିାୟକ ବଦବେନ୍ଦ୍ର ଶମତ୍ତା, ଖରବ୍ାତା 
େଞ୍ାଅ ସଂଗ୍ାମ ସମତି ିସଭାପତ ିଦୁବରତ୍ତ୍ାଧନ ମହାନ୍ତ ି
ଏେଂ ସମ୍ାଦକ େଧିାନ ଦାସଙ୍କ ସବମତ ଶତାଧିକ 
ବଲାକ ୧୪୪ ଧାରା ସବର୍୍ବ ଏକତ୍ ବହାଇଥିବଲ। 
େରୁଣାଡ଼ଆି ଛକ ନକିଟବର  ରାସ୍ା ଉପବର େସ ିପ୍ରକଳ୍ପ 
କାରତ୍ତ୍କୁ େବିରାଧ କରଥିିବଲ। ପବର ପଲୁସି ଦୁଇ 
ପେୂତ୍ତତନ େଧିାୟକଙ୍କ ସହତି ସଂଗ୍ାମ ସମତିରି ସଭାପତ,ି 
ସମ୍ାଦକ ଓ ସମତିରି େହୁ ସଦସ୍ଙୁ୍କ ଗରିଫ କରଥିିଲା। 
ପରୂା ଅଞ୍ଳକୁ ପଲୁସି ବଘରାେନ୍ଦତୀ କରେିା ପବର  ପ୍ରକଳ୍ପ 
କାରତ୍ତ୍  ଆରମ୍ଭ ବହାଇଛ।ି 

ସଚୂନାବରାଗ୍, ବକନ୍ଦ୍ରାପଡ଼ା ଜଲିା ରାଜକନକିା 
େ୍ଲକ ଭାରଗିଦାବର ୮୯୨ ବକାଟ ିଟଙ୍କା େ୍ୟବର 
ପ୍ରସ୍ାେତି ବମଗା ପାନତୀୟ ଜଳ ପ୍ରକଳ୍ପକୁ ଅନୁମତ ି
ମଳିଛି।ି ଏହ ିପ୍ରକଳ୍ପ କାରତ୍ତ୍କାରତୀ ବହବଲ ଭଦ୍ରକ ଜଲିାର 
୪ େ୍ଲକକୁ ପାନତୀୟ ଜଳ ବରାଗାଇ ଦଆିରେି। ବତବେ  
ଅଞ୍ଳୋସତୀଙ୍କ କହେିା ମତୁାେକ ଏହ ିପ୍ରକଳ୍ପ କାରତ୍ତ୍କାରତୀ 
ବହବଲ  ଖରବ୍ାତା ମତୃ ନଦତୀବର ପରଣିତ ବହେ ଓ 
ସମଦୁ୍ରରୁ ଜୁଆର ମାର ିଆସ ି ଖାରବ୍ାତା ପାଣ ି ଲୁଣ ି
ବହାଇରେି। ଏଥିସହ ପାଣ ିଅଭୋରୁ ଚାଷ କାରତ୍ତ୍ 
େ୍ାହତ ବହେ। ବତଣ ୁପ୍ରକଳ୍ପକୁ ଖରବ୍ାତା େଞ୍ାଅ 
ସଂଗ୍ାମ ସମତି ିପକ୍ଷରୁ ପାଖାପାଖି ୨ େଷତ୍ତ ବହେ େବିରାଧ 
କରାରାଉଛ।ି

ଖଜୁରପିଦା ହତୟୁା ଘଟଣାର ମଖୁୟୁ ଅଭଯିକୁ୍ତ ଗରିଫ 
ୋଙ୍କତୀ/ବେୈବଦ୍ଶ୍ବର, ୧୦ା୮(ନ.ିପ୍ର.): ୋଙ୍କତୀ େ୍ଲକ ଅନ୍ତଗତ୍ତତ ନୂଆଗାଁ ପଞ୍ାୟତ 
ଖଜୁରପିଦା ହତ୍ା ଘଟଣାବର ମଖୁ୍ ଅଭରିକୁ୍ତ କୁହାରାଉଥିୋ ପାଣ୍େ ପ୍ରଧାନଙୁ୍କ 
ମଙ୍ଗଳୋର ଚନ୍ଦକା ଅଞ୍ଳରୁ ଗରିଫ କରାରାଇଛ।ି ୨୦୨୦ବର ଏହ ିହତ୍ାକାଣ୍ 
ଘଟଥିିଲା। ନୂଆ ଗାଁ ସରପଞ୍ଙ୍କ ସ୍ୱାମତୀ ଭଗୋନ ସ୍ୱାଇଁ ଓ ସାମ୍ବାଦକି ଆଦତି୍ 
ରଣସଂିହଙୁ୍କ ହତ୍ା ଅଭବିରାଗବର ପାଣ୍େ ପ୍ରଧାନଙ୍କ ସବମତ ୧୩ଜଣଙ୍କ ନାମବର 
ମାମଲା ରୁଜୁ କରାରାଇଥିଲା। ପେୂତ୍ତରୁ ୧୨ ଅଭରିକୁ୍ତଙୁ୍କ ଗରିଫ କରାରାଇଥିଲା। 
ବସହଦିନିଠାରୁ ପାଣ୍େ ବଫରାର ଥିଲା। ବସ ଚନ୍ଦକା ଅଞ୍ଳବର ଥିୋ ଜଣାପଡ଼େିା 
ପବର ୋଙ୍କତୀ ଉପଖଣ୍ ପଲୁସି ଅଧିକାରତୀ ୋସବୁଦେ ସ୍ୱାଇଁ ଚଢ଼ଉ କର ିଏକ 
ଅଟ୍ାଳକିାରୁ ତାକୁ ଗରିଫ କରଥିିବଲ। ଅଭରିକୁ୍ତକୁ ଅଦାଲତ ଚାଲାଣ କରାରାଇଛ।ି
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Baswaraj Dalgade <baswaraj.dalgade@jsw.in> Wed, May 17, 2023 at 5:56 PM
To: Nitin Kumar <nitin.kumar2@jsw.in>, Suresh Mohapatra <suresh.mohapatra@jsw.in>

---------- Forwarded message ---------
From: Central Ground Water Authority <cgwa@nic.in>
Date: Wed, 17 May, 2023, 5:32 pm
Subject: [External Mail] Decision of 24th Internal EAC_21-4/92/OR/MIN/2017_M/s JSW Steel Ltd Nuagaon Iron Ore
Mines
To: <baswaraj.dalgade@jsw.in>

Sir
You are here with requested to find the below decision for the above men�oned applica�on.
Internal EAC committee is considered opinion that the project is APPROVED.

Regards,

O/o सद� सिचव Member Secretary,
क� �ीय भूजल �ािधकरण Central Ground Water Authority
जल श�� मं�ालय, भारत सरकार Ministry of Jal Shakti, Govt. of India
18/11, जामनगर हाउस, मानिसंह रोड, नई िद�ी-110011
18/11, Jamnagar House, Mansingh Road, New Delhi-110011
Ph- (011) 23383824; Fax- (011) 23382051; e-mail: cgwa@nic.in

  

 

Nitin Kumar <nitin.kumar2@jsw.in> Wed, May 17, 2023 at 6:04 PM
To: Baswaraj Dalgade <baswaraj.dalgade@jsw.in>

Thank You sir.
[Quoted text hidden]
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DateTime WATER LEVEL (mWC)
12/1/2020 9:00 -13.55

12/1/2020 21:00 -13.45
12/2/2020 9:00 -13.55

12/2/2020 21:00 -13.45
12/3/2020 9:00 -13.55

12/3/2020 21:00 -13.45
12/4/2020 9:00 -13.55

12/4/2020 21:00 -13.45
12/5/2020 9:00 -13.56

12/5/2020 21:00 -13.46
12/6/2020 9:00 -13.56

12/6/2020 21:00 -13.46
12/7/2020 9:00 -13.56

12/7/2020 21:00 -13.46
12/8/2020 9:00 -13.56

12/8/2020 21:00 -13.46
12/9/2020 9:00 -13.57

12/9/2020 21:00 -13.47
12/10/2020 9:00 -13.57

############## -13.47
12/11/2020 9:00 -13.57

############## -13.47
12/12/2020 9:00 -13.57

############## -13.47
12/13/2020 9:00 -13.57

############## -13.47
12/14/2020 9:00 -13.57

############## -13.47
12/15/2020 9:00 -13.57

############## -13.47
12/16/2020 9:00 -13.57

############## -13.47
12/17/2020 9:00 -13.57

############## -13.47
12/18/2020 9:00 -13.57

############## -13.47
12/19/2020 9:00 -13.57

############## -13.47
12/20/2020 9:00 -13.57

############## -13.47
12/21/2020 9:00 -13.57

############## -13.52
12/22/2020 9:00 -13.6

NARAYANPOSHI IRON AND MANGANESE ORE MINES
From Dec 2020 to april 2022



############## -13.58
12/23/2020 9:00 -13.61

############## -13.6
12/24/2020 9:00 -13.62

############## -13.82
12/25/2020 9:00 -13.92

############## -13.59
12/26/2020 9:00 -13.69

############## -13.64
12/27/2020 9:00 -13.72

############## -13.7
12/28/2020 9:00 -13.73

############## -13.72
12/29/2020 9:00 -13.74

############## -13.94
12/30/2020 9:00 -13.79

############## -13.57
12/31/2020 9:00 -13.67

############## -13.62
1/1/2021 9:00 -13.7

1/1/2021 21:00 -13.68
1/2/2021 9:00 -13.71

1/2/2021 21:00 -13.7
1/3/2021 9:00 -13.72

1/3/2021 21:00 -13.92
1/4/2021 9:00 -14.02

1/4/2021 21:00 -13.69
1/5/2021 9:00 -13.79

1/5/2021 21:00 -13.74
1/6/2021 9:00 -13.82

1/6/2021 21:00 -13.8
1/7/2021 9:00 -13.83

1/7/2021 21:00 -13.82
1/8/2021 9:00 -13.84

1/8/2021 21:00 -14.04
1/9/2021 9:00 -13.89

1/9/2021 21:00 -13.68
1/10/2021 9:00 -13.78

1/10/2021 21:00 -13.73
1/11/2021 9:00 -13.81

1/11/2021 21:00 -13.79
1/12/2021 9:00 -13.82

1/12/2021 21:00 -13.81
1/13/2021 9:00 -13.83

1/13/2021 21:00 -14.03
1/14/2021 9:00 -14.13

1/14/2021 21:00 -13.8



1/15/2021 9:00 -13.9
1/15/2021 21:00 -13.85

1/16/2021 9:00 -13.93
1/16/2021 21:00 -13.91

1/17/2021 9:00 -13.94
1/17/2021 21:00 -13.93

1/18/2021 9:00 -13.95
1/18/2021 21:00 -14.15

1/19/2021 9:00 -14
1/19/2021 21:00 -13.82

1/20/2021 9:00 -13.92
1/20/2021 21:00 -13.87

1/21/2021 9:00 -13.95
1/21/2021 21:00 -13.93

1/22/2021 9:00 -13.96
1/22/2021 21:00 -13.95

1/23/2021 9:00 -13.97
1/23/2021 21:00 -14.17

1/24/2021 9:00 -14.27
1/24/2021 21:00 -13.94

1/25/2021 9:00 -14.04
1/25/2021 21:00 -13.99

1/26/2021 9:00 -14.07
1/26/2021 21:00 -14.05

1/27/2021 9:00 -14.08
1/27/2021 21:00 -14.07

1/28/2021 9:00 -14.09
1/28/2021 21:00 -14.29

1/29/2021 9:00 -13.96
1/29/2021 21:00 -14.06

1/30/2021 9:00 -14.01
1/30/2021 21:00 -14.09

1/31/2021 9:00 -14.07
1/31/2021 21:00 -14.1

2/1/2021 9:00 -14.09
2/1/2021 21:00 -14.11

2/2/2021 9:00 -14.31
2/2/2021 21:00 -14.41

2/3/2021 9:00 -14.08
2/3/2021 21:00 -14.18

2/4/2021 9:00 -14.13
2/4/2021 21:00 -14.21

2/5/2021 9:00 -14.19
2/5/2021 21:00 -14.22

2/6/2021 9:00 -14.21
2/6/2021 21:00 -14.23

2/7/2021 9:00 -14.43



2/7/2021 21:00 -14.53
2/8/2021 9:00 -14.11

2/8/2021 21:00 -14.21
2/9/2021 9:00 -14.16

2/9/2021 21:00 -14.24
2/10/2021 9:00 -14.22

2/10/2021 21:00 -14.25
2/11/2021 9:00 -14.24

2/11/2021 21:00 -14.26
2/12/2021 9:00 -14.46

2/12/2021 21:00 -14.56
2/13/2021 9:00 -14.23

2/13/2021 21:00 -14.33
2/14/2021 9:00 -14.28

2/14/2021 21:00 -14.36
2/15/2021 9:00 -14.34

2/15/2021 21:00 -14.37
2/16/2021 9:00 -14.36

2/16/2021 21:00 -14.38
2/17/2021 9:00 -14.58

2/17/2021 21:00 -14.68
2/18/2021 9:00 -14.19

2/18/2021 21:00 -14.29
2/19/2021 9:00 -14.24

2/19/2021 21:00 -14.32
2/20/2021 9:00 -14.3

2/20/2021 21:00 -14.33
2/21/2021 9:00 -14.32

2/21/2021 21:00 -14.34
2/22/2021 9:00 -14.31

2/22/2021 21:00 -14.41
2/23/2021 9:00 -14.36

2/23/2021 21:00 -14.44
2/24/2021 9:00 -14.42

2/24/2021 21:00 -14.45
2/25/2021 9:00 -14.44

2/25/2021 21:00 -14.46
2/26/2021 9:00 -14.66

2/26/2021 21:00 -14.76
2/27/2021 9:00 -14.71

2/27/2021 21:00 -14.79
2/28/2021 9:00 -14.77

2/28/2021 21:00 -14.8
3/1/2021 9:00 -14.79

3/1/2021 21:00 -14.81
3/2/2021 9:00 -14.93

3/2/2021 21:00 -15.03



3/3/2021 9:00 -14.98
3/3/2021 21:00 -15.06

3/4/2021 9:00 -15.04
3/4/2021 21:00 -15.07

3/5/2021 9:00 -15.06
3/5/2021 21:00 -15.08

3/6/2021 9:00 -15.07
3/6/2021 21:00 -15.11

3/7/2021 9:00 -15.09
3/7/2021 21:00 -15.21

3/8/2021 9:00 -15.15
3/8/2021 21:00 -15.25

3/9/2021 9:00 -15.2
3/9/2021 21:00 -15.28
3/10/2021 9:00 -15.26

3/10/2021 21:00 -15.29
3/11/2021 9:00 -15.28

3/11/2021 21:00 -15.3
3/12/2021 9:00 -15.29

3/12/2021 21:00 -15.33
3/13/2021 9:00 -15.31

3/13/2021 21:00 -15.36
3/14/2021 9:00 -15.34

3/14/2021 21:00 -15.39
3/15/2021 9:00 -15.36

3/15/2021 21:00 -15.4
3/16/2021 9:00 -15.37

3/16/2021 21:00 -15.42
3/17/2021 9:00 -15.37

3/17/2021 21:00 -15.48
3/18/2021 9:00 -15.39

3/18/2021 21:00 -15.5
3/19/2021 9:00 -15.4

3/19/2021 21:00 -15.55
3/20/2021 9:00 -15.45

3/20/2021 21:00 -15.61
3/21/2021 9:00 -15.5

3/21/2021 21:00 -15.65
3/22/2021 9:00 -15.55

3/22/2021 21:00 -15.62
3/23/2021 9:00 -15.59

3/23/2021 21:00 -15.65
3/24/2021 9:00 -15.62

3/24/2021 21:00 -15.7
3/25/2021 9:00 -15.65

3/25/2021 21:00 -15.76
3/26/2021 9:00 -15.72



3/26/2021 21:00 -15.77
3/27/2021 9:00 -15.74

3/27/2021 21:00 -15.79
3/28/2021 9:00 -15.75

3/28/2021 21:00 -15.81
3/29/2021 9:00 -15.76

3/29/2021 21:00 -15.82
3/30/2021 9:00 -15.77

3/30/2021 21:00 -15.83
3/31/2021 9:00 -15.79

3/31/2021 21:00 -15.85
4/1/2021 9:00 -15.8

4/1/2021 21:00 -15.9
4/2/2021 9:00 -15.83

4/2/2021 21:00 -15.95
4/3/2021 9:00 -15.85

4/3/2021 21:00 -15.97
4/4/2021 9:00 -15.87

4/4/2021 21:00 -15.99
4/5/2021 9:00 -15.89

4/5/2021 21:00 -16
4/6/2021 9:00 -16.3

4/6/2021 21:00 -16.35
4/7/2021 9:00 -16.32

4/7/2021 21:00 -16.37
4/8/2021 9:00 -16.32

4/8/2021 21:00 -16.39
4/9/2021 9:00 -16.34

4/9/2021 21:00 -16.41
4/10/2021 9:00 -16.39

4/10/2021 21:00 -16.42
4/11/2021 9:00 -16.32

4/11/2021 21:00 -16.45
4/12/2021 9:00 -16.35

4/12/2021 21:00 -16.5
4/13/2021 9:00 -16.4

4/13/2021 21:00 -16.6
4/14/2021 9:00 -17.3

4/14/2021 21:00 -17.39
4/15/2021 9:00 -17.32

4/15/2021 21:00 -17.4
4/16/2021 9:00 -17.35

4/16/2021 21:00 -17.45
4/17/2021 9:00 -17.5

4/17/2021 21:00 -17.6
4/18/2021 9:00 -17.3

4/18/2021 21:00 -17.39



4/19/2021 9:00 -17.32
4/19/2021 21:00 -17.4

4/20/2021 9:00 -17.35
4/20/2021 21:00 -17.45

4/21/2021 9:00 -17.5
4/21/2021 21:00 -17.6

4/22/2021 9:00 -18
4/22/2021 21:00 -18.09

4/23/2021 9:00 -18.06
4/23/2021 21:00 -18.1

4/24/2021 9:00 -18.11
4/24/2021 21:00 -18.14

4/25/2021 9:00 -18.15
4/25/2021 21:00 -18.19

4/26/2021 9:00 -18.16
4/26/2021 21:00 -18.2

4/27/2021 9:00 -18.16
4/27/2021 21:00 -18.2

4/28/2021 9:00 -18.17
4/28/2021 21:00 -18.22

4/29/2021 9:00 -18.18
4/29/2021 21:00 -18.24

4/30/2021 9:00 -18.2
4/30/2021 21:00 -18.25

5/1/2021 9:00 -18.24
5/1/2021 21:00 -18.28

5/2/2021 9:00 -18.24
5/2/2021 21:00 -18.28

5/3/2021 9:00 -18.24
5/3/2021 21:00 -18.28

5/4/2021 9:00 -18.24
5/4/2021 21:00 -18.29

5/5/2021 9:00 -18.25
5/5/2021 21:00 -18.29

5/6/2021 9:00 -18.25
5/6/2021 21:00 -18.3

5/7/2021 9:00 -18.26
5/7/2021 21:00 -18.32

5/8/2021 9:00 -18.27
5/8/2021 21:00 -18.35

5/9/2021 9:00 -18.29
5/9/2021 21:00 -18.4
5/10/2021 9:00 -18.3

5/10/2021 21:00 -18.44
5/11/2021 9:00 -18.34

5/11/2021 21:00 -18.55
5/12/2021 9:00 -18.4



5/12/2021 21:00 -18.49
5/13/2021 9:00 -18.45

5/13/2021 21:00 -18.9
5/14/2021 9:00 -18.85

5/14/2021 21:00 -19.92
5/15/2021 9:00 -18.9

5/15/2021 21:00 -19
5/16/2021 9:00 -19.22

5/16/2021 21:00 -19.32
5/17/2021 9:00 -19.42

5/17/2021 21:00 -19.52
5/18/2021 9:00 -19.5

5/18/2021 21:00 -19.6
5/19/2021 9:00 -19.53

5/19/2021 21:00 -19.6
5/20/2021 9:00 -19.52

5/20/2021 21:00 -19.6
5/21/2021 9:00 -19.6

5/21/2021 21:00 -19.69
5/22/2021 9:00 -19.62

5/22/2021 21:00 -19.72
5/23/2021 9:00 -19.64

5/23/2021 21:00 -19.75
5/24/2021 9:00 -19.69

5/24/2021 21:00 -19.72
5/25/2021 9:00 -19.68

5/25/2021 21:00 -19.79
5/26/2021 9:00 -19.78

5/26/2021 21:00 -19.8
5/27/2021 9:00 -19.76

5/27/2021 21:00 -19.89
5/28/2021 9:00 -19.87

5/28/2021 21:00 -19.95
5/29/2021 9:00 -19.89

5/29/2021 21:00 -19.99
5/30/2021 9:00 -19.88

5/30/2021 21:00 -20
5/31/2021 9:00 -19.89

5/31/2021 21:00 -20.01
6/1/2021 9:00 -19.98

6/1/2021 21:00 -20
6/2/2021 9:00 -19.96

6/2/2021 21:00 -20.09
6/3/2021 9:00 -20.07

6/3/2021 21:00 -20.15
6/4/2021 9:00 -20.09

6/4/2021 21:00 -20.19



6/5/2021 9:00 -20.08
6/5/2021 21:00 -20.2

6/6/2021 9:00 -20.09
6/6/2021 21:00 -20.21

6/7/2021 9:00 -20.24
6/7/2021 21:00 -20.26

6/8/2021 9:00 -20.22
6/8/2021 21:00 -20.35

6/9/2021 9:00 -20.33
6/9/2021 21:00 -20.41
6/10/2021 9:00 -20.35

6/10/2021 21:00 -20.45
6/11/2021 9:00 -20.34

6/11/2021 21:00 -20.46
6/12/2021 9:00 -20.35

6/12/2021 21:00 -20.47
6/13/2021 9:00 -20.53

6/13/2021 21:00 -20.55
6/14/2021 9:00 -20.51

6/14/2021 21:00 -20.64
6/15/2021 9:00 -20.62

6/15/2021 21:00 -20.7
6/16/2021 9:00 -20.64

6/16/2021 21:00 -20.74
6/17/2021 9:00 -20.63

6/17/2021 21:00 -20.75
6/18/2021 9:00 -20.64

6/18/2021 21:00 -20.76
6/19/2021 9:00 -20.2

6/19/2021 21:00 -20.32
6/20/2021 9:00 -20.36

6/20/2021 21:00 -20.38
6/21/2021 9:00 -20.4

6/21/2021 21:00 -20.47
6/22/2021 9:00 -20.48

6/22/2021 21:00 -20.49
6/23/2021 9:00 -20.49

6/23/2021 21:00 -20.49
6/24/2021 9:00 -20.55

6/24/2021 21:00 -20.59
6/25/2021 9:00 -20.6

6/25/2021 21:00 -20.61
6/26/2021 9:00 -19.98

6/26/2021 21:00 -20.1
6/27/2021 9:00 -20.14

6/27/2021 21:00 -20.16
6/28/2021 9:00 -20.18



6/28/2021 21:00 -20.25
6/29/2021 9:00 -20.26

6/29/2021 21:00 -20.27
6/30/2021 9:00 -20.27

6/30/2021 21:00 -20.27
7/1/2021 9:00 -20.33

7/1/2021 21:00 -20.37
7/2/2021 9:00 -20.38

7/2/2021 21:00 -20.39
7/3/2021 9:00 -20.03

7/3/2021 21:00 -20.09
7/4/2021 9:00 -20.13

7/4/2021 21:00 -20.14
7/5/2021 9:00 -20.15

7/5/2021 21:00 -19.87
7/6/2021 9:00 -19.86

7/6/2021 21:00 -19.85
7/7/2021 9:00 -19.81

7/7/2021 21:00 -19.75
7/8/2021 9:00 -19.75

7/8/2021 21:00 -19.75
7/9/2021 9:00 -19.74

7/9/2021 21:00 -19.73
7/10/2021 9:00 -19.45

7/10/2021 21:00 -19.44
7/11/2021 9:00 -19.43

7/11/2021 21:00 -19.17
7/12/2021 9:00 -19.16

7/12/2021 21:00 -19.15
7/13/2021 9:00 -19.11

7/13/2021 21:00 -19.05
7/14/2021 9:00 -19.05

7/14/2021 21:00 -19.05
7/15/2021 9:00 -19.04

7/15/2021 21:00 -19.03
7/16/2021 9:00 -18.63

7/16/2021 21:00 -18.37
7/17/2021 9:00 -18.36

7/17/2021 21:00 -18.35
7/18/2021 9:00 -18.31

7/18/2021 21:00 -18.25
7/19/2021 9:00 -18.25

7/19/2021 21:00 -18.25
7/20/2021 9:00 -18.24

7/20/2021 21:00 -18.23
7/21/2021 9:00 -17.83

7/21/2021 21:00 -17.57



7/22/2021 9:00 -17.56
7/22/2021 21:00 -17.55

7/23/2021 9:00 -17.51
7/23/2021 21:00 -17.45

7/24/2021 9:00 -17.45
7/24/2021 21:00 -17.45

7/25/2021 9:00 -17.44
7/25/2021 21:00 -17.43

7/26/2021 9:00 -17.24
7/26/2021 21:00 -17.23

7/27/2021 9:00 -16.83
7/27/2021 21:00 -16.57

7/28/2021 9:00 -16.56
7/28/2021 21:00 -16.55

7/29/2021 9:00 -16.51
7/29/2021 21:00 -16.45

7/30/2021 9:00 -16.45
7/30/2021 21:00 -16.45

7/31/2021 9:00 -16.44
7/31/2021 21:00 -16.43

8/1/2021 9:00 -16.13
8/1/2021 21:00 -16.17

8/2/2021 9:00 -16.18
8/2/2021 21:00 -16.19

8/3/2021 9:00 -15.83
8/3/2021 21:00 -15.89

8/4/2021 9:00 -15.93
8/4/2021 21:00 -15.94

8/5/2021 9:00 -15.95
8/5/2021 21:00 -15.67

8/6/2021 9:00 -15.66
8/6/2021 21:00 -15.65

8/7/2021 9:00 -15.61
8/7/2021 21:00 -15.55

8/8/2021 9:00 -15.55
8/8/2021 21:00 -15.55

8/9/2021 9:00 -15.54
8/9/2021 21:00 -15.53
8/10/2021 9:00 -15.25

8/10/2021 21:00 -15.24
8/11/2021 9:00 -15.23

8/11/2021 21:00 -14.97
8/12/2021 9:00 -14.96

8/12/2021 21:00 -14.95
8/13/2021 9:00 -14.91

8/13/2021 21:00 -14.85
8/14/2021 9:00 -14.85



8/14/2021 21:00 -14.85
8/15/2021 9:00 -14.84

8/15/2021 21:00 -14.83
8/16/2021 9:00 -14.43

8/16/2021 21:00 -14.17
8/17/2021 9:00 -14.16

8/17/2021 21:00 -14.15
8/18/2021 9:00 -14.11

8/18/2021 21:00 -14.05
8/19/2021 9:00 -14.05

8/19/2021 21:00 -14.05
8/20/2021 9:00 -14.04

8/20/2021 21:00 -14.03
8/21/2021 9:00 -13.63

8/21/2021 21:00 -13.37
8/22/2021 9:00 -13.36

8/22/2021 21:00 -13.35
8/23/2021 9:00 -13.31

8/23/2021 21:00 -13.25
8/24/2021 9:00 -13.25

8/24/2021 21:00 -13.25
8/25/2021 9:00 -13.24

8/25/2021 21:00 -13.23
8/26/2021 9:00 -13.04

8/26/2021 21:00 -13.03
8/27/2021 9:00 -12.63

8/27/2021 21:00 -12.37
8/28/2021 9:00 -12.36

8/28/2021 21:00 -12.35
8/29/2021 9:00 -12.31

8/29/2021 21:00 -12.25
8/30/2021 9:00 -12.25

8/30/2021 21:00 -12.25
8/31/2021 9:00 -12.24

8/31/2021 21:00 -12.23
9/1/2021 9:00 -12.24

9/1/2021 21:00 -12.23
9/2/2021 9:00 -12.24

9/2/2021 21:00 -12.23
9/3/2021 9:00 -12.24

9/3/2021 21:00 -12.23
9/4/2021 9:00 -12.24

9/4/2021 21:00 -12.23
9/5/2021 9:00 -12.24

9/5/2021 21:00 -12.23
9/6/2021 9:00 -12.24

9/6/2021 21:00 -12.23



9/7/2021 9:00 -12.24
9/7/2021 21:00 -12.23

9/8/2021 9:00 -12.24
9/8/2021 21:00 -12.23

9/9/2021 9:00 -12.24
9/9/2021 21:00 -12.23
9/10/2021 9:00 -12.24

9/10/2021 21:00 -12.23
9/11/2021 9:00 -12.24

9/11/2021 21:00 -12.23
9/12/2021 9:00 -12.24

9/12/2021 21:00 -12.23
9/13/2021 9:00 -12.23

9/13/2021 21:00 -12.22
9/14/2021 9:00 -12.23

9/14/2021 21:00 -12.22
9/15/2021 9:00 -12.23

9/15/2021 21:00 -12.22
9/16/2021 9:00 -12.23

9/16/2021 21:00 -12.22
9/17/2021 9:00 -12.23

9/17/2021 21:00 -12.22
9/18/2021 9:00 -12.23

9/18/2021 21:00 -12.22
9/19/2021 9:00 -12.23

9/19/2021 21:00 -12.22
9/20/2021 9:00 -12.18

9/20/2021 21:00 -12.12
9/21/2021 9:00 -12.18

9/21/2021 21:00 -12.12
9/22/2021 9:00 -12.18

9/22/2021 21:00 -12.12
9/23/2021 9:00 -12.18

9/23/2021 21:00 -12.12
9/24/2021 9:00 -12.18

9/24/2021 21:00 -12.12
9/25/2021 9:00 -12.18

9/25/2021 21:00 -12.12
9/26/2021 9:00 -12.18

9/26/2021 21:00 -12.12
9/27/2021 9:00 -12.18

9/27/2021 21:00 -12.12
9/28/2021 9:00 -12.18

9/28/2021 21:00 -12.12
9/29/2021 9:00 -12.17

9/29/2021 21:00 -12.11
9/30/2021 9:00 -12.17



9/30/2021 21:00 -12.11
10/1/2021 9:00 -12.18

10/1/2021 21:00 -12.12
10/2/2021 9:00 -12.18

10/2/2021 21:00 -12.12
10/3/2021 9:00 -12.18

10/3/2021 21:00 -12.12
10/4/2021 9:00 -12.18

10/4/2021 21:00 -12.12
10/5/2021 9:00 -12.18

10/5/2021 21:00 -12.12
10/6/2021 9:00 -12.18

10/6/2021 21:00 -12.12
10/7/2021 9:00 -12.17

10/7/2021 21:00 -12.11
10/8/2021 9:00 -12.17

10/8/2021 21:00 -12.11
10/9/2021 9:00 -12.18

10/9/2021 21:00 -12.12
10/10/2021 9:00 -12.18

############## -12.12
10/11/2021 9:00 -12.18

############## -12.12
10/12/2021 9:00 -12.18

############## -12.12
10/13/2021 9:00 -12.18

############## -12.12
10/14/2021 9:00 -12.18

############## -12.12
10/15/2021 9:00 -12.17

############## -12.11
10/16/2021 9:00 -12.17

############## -12.11
10/17/2021 9:00 -12.17

############## -12.11
10/18/2021 9:00 -12.17

############## -12.11
10/19/2021 9:00 -12.17

############## -12.11
10/20/2021 9:00 -12.17

############## -12.11
10/21/2021 9:00 -12.17

############## -12.11
10/22/2021 9:00 -12.17

############## -12.11
10/23/2021 9:00 -12.17

############## -12.11



10/24/2021 9:00 -12.17
############## -12.11
10/25/2021 9:00 -12.17

############## -12.11
10/26/2021 9:00 -12.17

############## -12.11
10/27/2021 9:00 -12.18

############## -12.11
10/28/2021 9:00 -12.18

############## -12.11
10/29/2021 9:00 -12.18

############## -12.11
10/30/2021 9:00 -12.18

############## -12.11
10/31/2021 9:00 -12.18

############## -12.11
11/1/2021 9:00 -12.18

11/1/2021 21:00 -12.11
11/2/2021 9:00 -12.18

11/2/2021 21:00 -12.11
11/3/2021 9:00 -12.18

11/3/2021 21:00 -12.11
11/4/2021 9:00 -12.2

11/4/2021 21:00 -12.15
11/5/2021 9:00 -12.2

11/5/2021 21:00 -12.15
11/6/2021 9:00 -12.2

11/6/2021 21:00 -12.15
11/7/2021 9:00 -12.22

11/7/2021 21:00 -12.17
11/8/2021 9:00 -12.22

11/8/2021 21:00 -12.17
11/9/2021 9:00 -12.22

11/9/2021 21:00 -12.17
11/10/2021 9:00 -12.22

############## -12.17
11/11/2021 9:00 -12.22

############## -12.17
11/12/2021 9:00 -12.22

############## -12.17
11/13/2021 9:00 -12.22

############## -12.17
11/14/2021 9:00 -12.22

############## -12.17
11/15/2021 9:00 -12.22

############## -12.17
11/16/2021 9:00 -12.22



############## -12.17
11/17/2021 9:00 -12.22

############## -12.17
11/18/2021 9:00 -12.22

############## -12.17
11/19/2021 9:00 -12.23

############## -12.19
11/20/2021 9:00 -12.23

############## -12.19
11/21/2021 9:00 -12.23

############## -12.25
11/22/2021 9:00 -12.32

############## -12.26
11/23/2021 9:00 -12.35

############## -12.27
11/24/2021 9:00 -12.37

############## -12.28
11/25/2021 9:00 -12.37

############## -12.29
11/26/2021 9:00 -12.38

############## -12.3
11/27/2021 9:00 -12.38

############## -12.3
11/28/2021 9:00 -12.38

############## -12.5
11/29/2021 9:00 -12.45

############## -12.65
11/30/2021 9:00 -12.6

############## -12.64
12/1/2021 9:00 -12.6

12/1/2021 21:00 -12.69
12/2/2021 9:00 -12.64

12/2/2021 21:00 -12.69
12/3/2021 9:00 -12.64

12/3/2021 21:00 -12.7
12/4/2021 9:00 -12.66

12/4/2021 21:00 -12.7
12/5/2021 9:00 -12.66

12/5/2021 21:00 -12.7
12/6/2021 9:00 -12.72

12/6/2021 21:00 -12.79
12/7/2021 9:00 -12.73

12/7/2021 21:00 -12.75
12/8/2021 9:00 -12.73

12/8/2021 21:00 -12.75
12/9/2021 9:00 -12.73

12/9/2021 21:00 -12.75



12/10/2021 9:00 -12.73
############## -12.75
12/11/2021 9:00 -12.73

############## -12.75
12/12/2021 9:00 -12.73

############## -12.75
12/13/2021 9:00 -12.73

############## -12.75
12/14/2021 9:00 -12.73

############## -12.75
12/15/2021 9:00 -12.74

############## -12.78
12/16/2021 9:00 -12.74

############## -12.78
12/17/2021 9:00 -12.74

############## -12.78
12/18/2021 9:00 -12.76

############## -12.8
12/19/2021 9:00 -12.76

############## -12.8
12/20/2021 9:00 -12.76

############## -12.8
12/21/2021 9:00 -12.77

############## -12.83
12/22/2021 9:00 -12.77

############## -12.83
12/23/2021 9:00 -12.77

############## -12.83
12/24/2021 9:00 -12.77

############## -12.83
12/25/2021 9:00 -12.78

############## -12.84
12/26/2021 9:00 -12.78

############## -12.84
12/27/2021 9:00 -12.81

############## -12.86
12/28/2021 9:00 -12.81

############## -12.86
12/29/2021 9:00 -12.83

############## -12.89
12/30/2021 9:00 -12.83

############## -12.89
12/31/2021 9:00 -12.83

############## -12.89
1/1/2022 9:00 -12.9

1/1/2022 21:00 -12.88
1/2/2022 9:00 -12.91



1/2/2022 21:00 -12.9
1/3/2022 9:00 -12.92

1/3/2022 21:00 -13.12
1/4/2022 9:00 -13.22

1/4/2022 21:00 -12.89
1/5/2022 9:00 -12.99

1/5/2022 21:00 -12.94
1/6/2022 9:00 -13.02

1/6/2022 21:00 -13
1/7/2022 9:00 -13.03

1/7/2022 21:00 -13.02
1/8/2022 9:00 -13.04

1/8/2022 21:00 -13.24
1/9/2022 9:00 -13.09

1/9/2022 21:00 -12.88
1/10/2022 9:00 -12.98

1/10/2022 21:00 -12.93
1/11/2022 9:00 -13.01

1/11/2022 21:00 -12.99
1/12/2022 9:00 -13.02

1/12/2022 21:00 -13.01
1/13/2022 9:00 -13.03

1/13/2022 21:00 -13.23
1/14/2022 9:00 -13.33

1/14/2022 21:00 -13
1/15/2022 9:00 -13.1

1/15/2022 21:00 -13.05
1/16/2022 9:00 -13.13

1/16/2022 21:00 -13.11
1/17/2022 9:00 -13.14

1/17/2022 21:00 -13.13
1/18/2022 9:00 -13.15

1/18/2022 21:00 -13.35
1/19/2022 9:00 -13.2

1/19/2022 21:00 -13.02
1/20/2022 9:00 -13.12

1/20/2022 21:00 -13.07
1/21/2022 9:00 -13.15

1/21/2022 21:00 -13.13
1/22/2022 9:00 -13.16

1/22/2022 21:00 -13.15
1/23/2022 9:00 -13.17

1/23/2022 21:00 -13.37
1/24/2022 9:00 -13.47

1/24/2022 21:00 -13.14
1/25/2022 9:00 -13.24

1/25/2022 21:00 -13.19



1/26/2022 9:00 -13.27
1/26/2022 21:00 -13.25

1/27/2022 9:00 -13.28
1/27/2022 21:00 -13.27

1/28/2022 9:00 -13.29
1/28/2022 21:00 -13.49

1/29/2022 9:00 -13.16
1/29/2022 21:00 -13.26

1/30/2022 9:00 -13.21
1/30/2022 21:00 -13.29

1/31/2022 9:00 -13.27
1/31/2022 21:00 -13.3

2/1/2022 9:00 -13.29
2/1/2022 21:00 -13.31

2/2/2022 9:00 -13.51
2/2/2022 21:00 -13.61

2/3/2022 9:00 -13.28
2/3/2022 21:00 -13.38

2/4/2022 9:00 -13.33
2/4/2022 21:00 -13.41

2/5/2022 9:00 -13.39
2/5/2022 21:00 -13.42

2/6/2022 9:00 -13.41
2/6/2022 21:00 -13.43

2/7/2022 9:00 -13.63
2/7/2022 21:00 -13.73

2/8/2022 9:00 -13.31
2/8/2022 21:00 -13.41

2/9/2022 9:00 -13.36
2/9/2022 21:00 -13.44
2/10/2022 9:00 -13.42

2/10/2022 21:00 -13.45
2/11/2022 9:00 -13.44

2/11/2022 21:00 -13.46
2/12/2022 9:00 -13.66

2/12/2022 21:00 -13.76
2/13/2022 9:00 -13.43

2/13/2022 21:00 -13.53
2/14/2022 9:00 -13.48

2/14/2022 21:00 -13.56
2/15/2022 9:00 -13.54

2/15/2022 21:00 -13.57
2/16/2022 9:00 -13.56

2/16/2022 21:00 -13.58
2/17/2022 9:00 -13.78

2/17/2022 21:00 -13.88
2/18/2022 9:00 -13.39



2/18/2022 21:00 -13.49
2/19/2022 9:00 -13.44

2/19/2022 21:00 -13.52
2/20/2022 9:00 -13.5

2/20/2022 21:00 -13.53
2/21/2022 9:00 -13.52

2/21/2022 21:00 -13.54
2/22/2022 9:00 -13.51

2/22/2022 21:00 -13.61
2/23/2022 9:00 -13.56

2/23/2022 21:00 -13.64
2/24/2022 9:00 -13.62

2/24/2022 21:00 -13.65
2/25/2022 9:00 -13.64

2/25/2022 21:00 -13.66
2/26/2022 9:00 -13.86

2/26/2022 21:00 -13.96
2/27/2022 9:00 -13.91

2/27/2022 21:00 -13.99
2/28/2022 9:00 -13.97

2/28/2022 21:00 -14
3/1/2022 9:00 -13.99

3/1/2022 21:00 -14.01
3/2/2022 9:00 -14.13

3/2/2022 21:00 -14.23
3/3/2022 9:00 -14.18

3/3/2022 21:00 -14.26
3/4/2022 9:00 -14.24

3/4/2022 21:00 -14.27
3/5/2022 9:00 -14.26

3/5/2022 21:00 -14.28
3/6/2022 9:00 -14.27

3/6/2022 21:00 -14.31
3/7/2022 9:00 -14.29

3/7/2022 21:00 -14.41
3/8/2022 9:00 -14.35

3/8/2022 21:00 -14.45
3/9/2022 9:00 -14.4

3/9/2022 21:00 -14.48
3/10/2022 9:00 -14.46

3/10/2022 21:00 -14.49
3/11/2022 9:00 -14.48

3/11/2022 21:00 -14.5
3/12/2022 9:00 -14.49

3/12/2022 21:00 -14.53
3/13/2022 9:00 -14.51

3/13/2022 21:00 -14.56



3/14/2022 9:00 -14.54
3/14/2022 21:00 -14.59

3/15/2022 9:00 -14.56
3/15/2022 21:00 -14.6

3/16/2022 9:00 -14.57
3/16/2022 21:00 -14.62

3/17/2022 9:00 -14.57
3/17/2022 21:00 -14.68

3/18/2022 9:00 -14.59
3/18/2022 21:00 -14.7

3/19/2022 9:00 -14.6
3/19/2022 21:00 -14.75

3/20/2022 9:00 -14.65
3/20/2022 21:00 -14.81

3/21/2022 9:00 -14.7
3/21/2022 21:00 -14.85

3/22/2022 9:00 -14.75
3/22/2022 21:00 -14.82

3/23/2022 9:00 -14.79
3/23/2022 21:00 -14.85

3/24/2022 9:00 -14.82
3/24/2022 21:00 -14.9

3/25/2022 9:00 -14.85
3/25/2022 21:00 -14.96

3/26/2022 9:00 -14.92
3/26/2022 21:00 -14.97

3/27/2022 9:00 -14.94
3/27/2022 21:00 -14.99

3/28/2022 9:00 -14.95
3/28/2022 21:00 -15.01

3/29/2022 9:00 -14.96
3/29/2022 21:00 -15.02

3/30/2022 9:00 -14.97
3/30/2022 21:00 -15.03

3/31/2022 9:00 -14.99
3/31/2022 21:00 -15.05



NUAGAON IRON ORE MINES
TOTAL WATER REQUIREMENT (1225 KLD)

Ground water (1225 KLD)

Green Belt (25 KLD) Dust Suppression 
(750 KLD) Domestic (250 KLD)

ETP/Wheel 
washing (200 KLD)
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1.0 Introduction 

Surface mining operation is major and popular process to excavate earth materials.  Though 

this approach is relatively simple and fast, yet it often endangers the men and machines, and 

thus its economics, unless scientifically planned.  Bench mining or slope system is a major part 

of the surface excavation system.  Correct slope design and its stability has been a major 

challenge to mine operation.  The slope design involves knowledge of geotechnical parameters, 

geological influences, correct slope height, slope angle and overall angle.  Government 

regulation also warrants carrying out slope design as a part of statutory requirement. 

1.1 Brief Description of the Project 

NIT Rourkela received a work order vide purchase order no Odisha 

Mines/118402/SER/4500141067 dated 16-04-2022 from JSW Steel Ltd., Barbil, Odisha for 

scientific study of the stability of pit slope and dump slope in iron ore mines in Odisha.  This is 

an assignment that originated in 01-09-2020 from JSW Steel, Delhi.   NIT Rourkela accepted 

the order on 2nd June, 2022 and initiated investigation.  As a part of the investigation, the team 

initiated the investigation in June-2022 and made many visits to the mine.  It discussed with 

mine officials, inspected the area, carried out geological study,  identified a few sample location 

of the iron ore deposit at the Nuagaon Iron Ore region. 

1.2 Scope of work  

The aim of the investigation was to carry out scientific study of the stability of pit slope and 

dump slope in iron ore mines in Odisha, JSW Steel Ltd., Barbil, Odisha. The scope of work as 

outlined in the work order was. 

i. To undertake the study of slope stability to arrive ultimate pit slope and dump slope for long 

term safety. 

ii. Suggest methods for dump slope monitoring. 

iii. Suggest best practices for slope maintenance and its stabilization. 

iv. Optimization of dump slope parameters for capacity maximization. 

v. Recommendation for following, considering geotechnical characteristics of deposit: 

a) Slope angle for working and final pit 

b) Dump design parameters (Dump height and slope; bench height and slope angle) 

c) Monitoring method of PIT and dump slope stability 

 

 



1.2.1 Background of the problem 

The concerned mine belonging to JSW Steel Limited is a Category – A (fully mechanized 

category) mine and is worked by opencast mining method with formation of benches by drilling 

and blasting. It results in higher rates of recovery from the mine with an increased percentage of 

iron ore recovery, thereby improving productivity and sales. The analysis investigation of the 

prevalent geo-mining conditions of the mine, collection of pertinent geotechnical data, and their 

influence. Thereafter, a suitable rock mass classification system was adopted to classify the 

rock based on its physical properties followed by reducing the strengths of the material cover 

present at the site by their visible characteristics following scientific approaches and lastly, 

numerical modelling was adopted to simulate the models of failure in determining safety factors. 

 

2.0 Geology 

2.1 Regional Geology 

Nuagaon Iron Ore Mine lies over the Upper Shale Formation of the Koira Group as described by 

Murthy & Acharya (1975). Litho units like Iron ores of HLO, SLO, lateralized HLO types, Fe-

Shale, laterites of both aluminous and ferruginous nature, float ores concealed under soil and 

alluvial cover at places are mapped in the Nuagaon Iron Ore Mine. The lease area is 

characterized by hilly as well as flat ground having elevation from 520m to 702m above M.S.L. 

The hills and hill ranges located within the lease area are Udalbari, Guali, Topadihi, Dumkahudi, 

Barpada, Kanhusahi & Bichhagarh-Katasahi. The M.L. area discerns a fairly wide range of rock 

types of the iron ore group. The area has a geomorphic trend of North-North-East to South-

South-West which is almost conformable with the strike trend of the rock types.  The different 

rock types observed in field from the exposures and mine working areas are as follows: 



Litho units Disposition of various litho units 

Soil & 
alluvium 

Soil thickness of 1 to 1.5m occurs in the western part and along both side of 
NH-520. 

Laterite 

Most part of the area is covered by laterite of various types. The laterites 

have been developed mostly over the shale unit of the area and depending 

upon the composition of the shale, different types of laterites have been 

developed. The shale rich in alumina has given rise to aluminous laterite and 

those rich in iron developed into ferruginous laterites. Ferruginous laterite 

occurs as capping in the southern, central, northern and western part of the 

lease area. The thickness of laterite is about 7-10m and depends upon 

topography of the hills. 

Lateritic Iron 

ore 

As per bore hole data and exposed quarries top benches of quarries are 

found with lateritic iron ore. The thickness of lateritic ore varies from 10m to 

15m.    

Upper Shale 

Formation 

Ferruginous Shale Unit: Shales of different color like pink, yellow, variegated 

with inter beds of Iron ore occurs within Chhenaguda quarry, Gangeiguda 

quarry etc. The colouration of the shale is largely dependent on the mineral 

composition (Murthy & Acharya, 1975). It is mostly composed of clayey 

micaceous minerals, with lenses of chert.  Most of the area containing this 

unit is lateralised extensively.  

Banded Iron 

Formation 

HLO 

SLO 

Blue 

dust 

Based on surface exposures and sub-surface geology 4 (four) types 

of iron ore have been recorded in the lease area. These are Hard 

Laminated Ore (HLO), lateralized HLO, Soft laminated Ore (SLO) 

and powdery ore (blue dust, reddish brown powdery ore). 

The HLO is exposed on the benches of mostly top of the 

Chennaguda quarry, B-top, B-bottom, Gangeiguda quarry, 

Sonukocha quarry. 
 

The length of individual HLO varies from quarry to quarry. Strike of 

the HLO mostly matching with the regional strike i.e. NE-SW 

The lateralized HLO exposed on the NE part of Gangeiguda quarry 

as well as B-top, B-bottom.The SLO due to its soft nature are not 

exposed on the surface. In all the quarries when we go down SLO 

and blue dust/powdery orecan be found.   

Lower shale 
Lower shale occurs within western and south western part of Katasahi 

quarry and North eastern part of MDH quarry. 

BHJ/BHQ 

BHJ comprises alternate bands (laminations less than 5mm thick) of 

hematite and dark brown to red jasper. BHJ have been intersected nearer to 

the bottom portion of the boreholes. BHJ/BHQ occurs within southern part of 

Chhenaguda quarry, and Guali quarry. 



2.2 Structural Features 

In general, the Iron Ore Super Group represented by the Bonai-Kendujhar belt in Koira basin is 

disposed in the form of an “Omega” and referred to as “Horse shoe synclinorium” (Jones, 1934). 

This belt is 60 km long and 25 km wide extending from south of Malangtoli in Kendujhar district 

up to Chakradharpur in West Singhbhum district (Jharkhand). The structural fabrics in the 

above, feebly metamorphosed volcano-sedimentary litho-sequence indicate at least two phases 

of deformation and folding. The earlier phase is the most prominent and resulted in formation of 

two synclines intervened by an anticline trending NNE-SSW with a low north-north easterly 

plunge. The western limb is slightly overturned to the east and dip westerly (650-750) whereas, 

the eastern limb is a normal one with moderate to low (300-450) westerly dip. This phase of 

folding is affected by a later NW-SE to WNW-ESE trending fold axis resulting in broad warps 

and formation of structural domes and basins in the area. The western syncline known as Koira 

syncline, due to steep dip and overturned nature of its limb forms a deeper basin with thick 

sequence of younger shale in the core region.  

 

3.0 Mining Methodology  

The mine is operated by the opencast fully mechanized method. There are 4 major well-

developed mechanized quarries as Sonu Kocha, MDH, Chenagoda and Kahnusahi. In all 

quarries, bench height is maintained up to 10 m and width up to 18 - 21 m, adhering to the 

MMR-2016 guidelines. During the proposed period of mining operation, excavation for iron ore 

is done in four of the quarries. Production capacity per annum of the mine is envisaged as 7.99 

million tons per year from the in-situ reserve. The Mineable reserves are 622.51 MT. MMR-1961 

is adopted for regulatory and excavation activities. 

Drilling was carried out using 115mm diameter drills with 10% subgrade drilling to avoid toe 

formation. Blasting was by SME (Site Mixed Emulsion) explosives manufactured and supplied 

by Solar Industries India Ltd., Nagpur, Maharashtra. Its VOD and final density are 4000±500 

m/sec, and 1.15±0.005 g/cc respectively. The mines used 17 and 25 milliseconds for the Trunk-

Line-Delay, and 250 milliseconds for the Down-The-Hole delay. The burden for blast hole 

pattern varied between 2.5 to 3.5 and spacing from 3 to 3.5. Series pattern was adopted to 

reduce the maximum charge per delay. Controlled blasting along with a shock tube initiation 

system/NONEL system was practiced to get optimum blast results and minimize hazards. In 

addition, rock breakers are used to reduce the size of undesirable boulders produced during 

blasting. The design parameters of the mine are in table 1. 



Table1. Design Features 

Sl. No. Salient Feature Description 

1 Method of Mining Fully mechanized 

2 Production 7.99 Mt/yr Iron ore (ROM) 

3 Means of Raising Drilling, blasting, excavation, 
processing, etc 

4 Bench Height upto 10 m  

5 Bench Width 18-21 m 

6 Bench Angle 850 

7 Overall Slope 330 

8 Transportation of ore to the stacking yard Through dumpers and tippers 

9 Blasting Proposal Deep hole blasting is carried out 
to dislodge the boulders 

1.5 Safety Factor Analysis 

The stability of rock slopes depend on behaviour of the shear strength created along the sliding 

surfaces. In general rock or rock material, is assumed to follow the Mohr Coulomb criteria and 

the strength is expressed in terms of cohesion ‘c’ and friction angle ′∅′and is expressed 

mathematically as  𝜏 = 𝑐 + 𝜎′𝑡𝑎𝑛∅ [𝜏 = shear strength,  𝑐 = cohesion,  𝜎′ = effective normal 

stress, and ∅ = friction angle] 

The effective normal stress is the difference between the stress due to the weight of the rock 

lying above the sliding plane and the uplift due to any water pressure acting on this surface. 

 

Figure II. Slope Block Analysis[12] 

The stability of the block can be quantified by the ratio of the resisting and driving forces, which 

is termed the factor of safety (FOS). And is given by  

𝐹𝑂𝑆 =  
Resisting Forces 

Driving Forces
, 𝑜𝑟 



𝐹𝑂𝑆 =  
𝑐𝐴 + 𝑊 cos ψ𝑝 tan ∅

𝑊 sin ψ𝑝
 

The resisting strength is more than the displacing stress for stability of the slope.. The FOS 

equation at equilibrium is 

𝐹𝑂𝑆 =  
cos ψ𝑝 tan ∅

sin ψ𝑝
or,𝐹𝑂𝑆 = 1 When ψ𝑝 =  ∅ 

It shows that when there are no in-filling materials, the block of rock will slide when the dip angle 

of the sliding surface equals the friction angle of this surface, and the stability is independent of 

the size of the sliding block. The block is at a condition of “limiting equilibrium” when the driving 

forces are exactly equal to the resisting forces and the factor of safety is equal to 1.0. Therefore, 

the method of slope stability analysis is termed limit equilibrium analysis. For the investigation of 

stability of the existing slopes, the minimum factor of safety is from 1.3 to 1.5 [3] 

The Limit Equilibrium Method (LEM) is a well-known computational methodology for evaluating 

the Factor of Safety (FOS) and stability degree of slopes (Duncan, 1996, Krahn 2003). Limit 

equilibrium is the method where limit state conditions are assumed. The limited equilibrium 

methods (LEMs) are popular to assess the slope stability of mine geological sections. 

In this slope stability investigation project, a dedicated software for LEM code Slide2D 

(RocScience Inc., Canada) used. Slide 2 is a two-dimensional limit equilibrium slope stability 

analysis program for evaluating the probability of failure of geological transverse and geological 

sections by identifying circular or non-circular failure-prone surfaces in soil or rock slopes. It 

analyzes the stability of slip surfaces using vertical slice or non-vertical slice limit equilibrium 

methods. This code has extensive probabilistic analysis capabilities that can be utilized to 

assign statistical distributions to almost any input parameters, including material properties, 

support properties, loads, and water table location. The probability of failure/reliability index is 

determined, providing a measure of the risk factor associated with a slope design.  

The evaluation needs geotechnical data that were obtained from laboratory testing through the 

samples supplied. 

1.6 Geotechnical Investigation 

For a planned excavation or for an engineered earth-system design, the most important 

consideration is the reaction of the rocks to the changes in stresses due to the proposed 

excavation provided that the resultant strain is within the tolerable limit of the engineering 



design. Typically, the behavior of rocks is determined from unbroken rock pieces, i.e., intact 

rock or rock core through rocks are heterogenous, anisotropic and inelastic. The geotechnical 

investigation of core specimen includes the laboratory determination of the pertinent 

parameters. 

1.6.1 Location of sample collection points 

Slope stability analysis involves understanding and dealing with the behavior of earth materials 

at specific locations e.g. face, bench, strata, etc. The behavior of materials are scientifically 

represented by its geotechnical properties as cohesion, density, angle of internal friction, 

compressive strength, etc. it needs sample collection and testing by established processes. 

The locations of samples were collected were carefully chosen depending upon site 

characteristics. It was made sure that the samples were collected from the bench faces. Fresh 

samples were collected freshly exposed as so after blasting. The information from the result of 

any test depends on the health of the sample or specimen tested for the purpose.  In this 

investigation samples for various parameters have been prepared from the samples collected. 

In absence of regular core logs, boulders of adequate sizes of about 900cm3 each were 

collected and transported to the laboratory. NX core samples were prepared from those 

boulders. Soft material as alluvium, laterite and ochre were collected in air tight bags and 

processed for shear testing. The following sections discuss the procedure adopted for testing. 

The test specimens were obtained by cutting the core samples perpendicular to the cylindrical 

axis with the help of a rock cutting machine fitted (make: AIM 202, AIMIL, India). The length to 

diameter ratio was kept between 2.0 to 2.5 for the samples for determination of Compressive 

Strength and at 0.5 for tensile Strength. The loading surfaces of the test specimen were made 

flat within ± 0.01mm.The following photographs are provided below.  

 

Figure III. Sample collection 



1.6.2 Testing Procedures: 

The determination of different physical and mechanical properties were carried out by IS 

guidelines as mentioned against each type of test and described below.   

a. Density    IS: 13030-1991 (Reaffirmed 1996) 

b. Compressive Strength  IS: 9143-1979 (Reaffirmed 1996) 

c. Triaxial Strength  IS: 13047-1991 (Reaffirmed 2001) 

d. Shear Strength  IS: 2720-part13-1986 (Reaffirmed 2002) 

 

 

Figure IV. Coring operation and cored specimen 

1.6.2.1 Density 

Density reflects the information about the mineralogical or grain constituents.  For determination 

of density Indian Standard 13030:1991 has been followed.  Each specimen was machined to 

conform closely to the geometry of a right cylinder.  The mass of each specimen was typically 

more than 600g.  Each sample was put in an oven maintained at a temperature of 1050 ± 30C 

for 24 hours. The samples were removed from the oven after 24 hrs and placed in desiccators 

for cooling.  Each sample was brushed to remove loose material sticking to it.  The external 

dimension of each specimen was determined using a digital caliper (make: Mitutoyo, Japan) 

with an accuracy of 0.01mm.  Average of three readings each for the length and diameter were 

taken for calculation of volume (V). The mass (M) of each specimen was determined using a 



digital balance (make: Contech, India) with an accuracy of 0.001g.  The density () was 

determined using the formula 
V

M  where M and V are Mass and volume of the sample 

respectively. 

1.6.2.2 Uniaxial Compressive Strength 

In most of the engineering design the compressive strength (UCS) of rock is one of the most 

important input parameter.  It reflects the ultimate bearing capacity before the rock fails i.e. the 

total loss of integrity in the sample.  The compressive strength of the test specimen was 

determined following IS:9143-1979.  The selected specimen of length to diameter ratio between 

2 to 2.5 was wiped clean and the dimensions were measured with the help a digital caliper.  The 

measurement of diameter was carried out by taking the average of four reading obtained at 

about upper height, two mid-heights and lower height. The cross-sectional area was calculated 

from this measurement. 

 

Figure V. Determining UCS of rock sample 

The surfaces of the two bearing discs and the test specimen were wiped clean. The specimen 

was placed between the two platens.  The upper disc was then gradually lowered onto the 

specimen.  Care was taken to see that the axis of the specimen was properly aligned with the 

discs. The loading machine was operated at a stress level, typically between 0.5 to 1 MPa/sec 

so that the sample fails within 8 to 12 minutes of test.  Load was then continuously applied at a 

constant rate till failure occurred and the maximum load on the specimen was recorded.  The 

compressive strength is determined from the relation as given by the equation 
A

F
c  where 

c is UCS; F is Failure load; and A is the cross sectional area of the sample       



1.6.2.3 Triaxial Compression Test 

Rock exhibits higher bearing capacity when the same is confined.  The failure load varies with 

confinement pressure.  Triaxial compression refers to a test with simultaneous compression of a 

rock sample and application of axisymmetric confining pressure.  The triaxial Compressive 

Strength of rock samples was determined following IS 13047:1991.  The result shows the 

cohesion and friction angle.  The test sample was wiped clean and its diameter was measured 

at upper, two-mid and lower heights respectively.  The average value was used to calculate the 

cross sectional area of the test sample. The sample was then put in the triaxial cell (make: 

AIMIL, India). 

 

Fig VI: Triaxial Setup and Fractured Sample 

The specimen, the platens and the spherical seat were accurately aligned to ensure that they 

are coaxial with others. The cell was then filled up with hydraulic oil, allowing the air to escape 

through an air bleeder valve.  The air bleeder valve was then closed.  The cell was then placed 

into the axial loading device.  The axial load and the confining pressure were increased 

simultaneously in such a way that axial stress and confining pressure were approximately equal 

and until the predetermined test level for the confining pressure reached.  The axial load was 

then increased continuously without shock to produce an approximately constant rate of load for 

deformation. The maximum axial load and the corresponding confining pressure were recorded.  

Then the confining pressure and corresponding longitudinal failure strength were plotted in the 

same scale to plot Mohr analysis for the determination of cohesion and angle of internal friction.  

The lateral confinement was provided between 0.0 and 3.92 MPa. 



1.6.2.4 Shear Strength Test 

The top layers of the strata consist of different varieties of soil as yellow, yellow loamy, brown, of 

varying grain sizes, etc. The parameters that would govern its engineering behaviour are 

cohesion and the angle of internal friction apart from the unit weight.  Those are typically 

determined from the direct shear strength test. The test involves applying horizontal load on the 

soil specimen so as to undergo sharing with a constant the vertical normal load.  The 

relationship between normal stress and shear stress at failure provide the shear strength 

parameters (cohesion and internal friction angle). The specimen and testing of shear strength 

parameters was carried out as per IS:2720 (Part # 13, 1986 (Reaffirmed 2002)).   

 

Fig VII:  Direct Shear test 

The joint in rock cores didn’t exhibit any regular pattern, thickness, and presence. Hence the 

shear strength tests of the rock cores have not been performed to know the characteristics of 

joint filling material.  

1.6.2.5 Test Results: 

The results of the different tests carried out on the rock cores are reported in following pages.  

Density values represent the average values of the particular rock type.  The photographs of 

testing arrangement, some typical failure profiles obtained during the testing have been given in 

figures below for the rock in compression, tensile, shear, and triaxial testing. 

1.6.3 Rock Mass Classification 

Cylindrical rock cores or samples of intact rocks are tested in the laboratory to determine their 

properties. However, such experimentations only reveal the strength of the intact rock masses 

and the data exhibited in the field often do not confirm to that in the laboratory tests. This is 



mainly due to the presence of discontinuities that causes instability to the rocks in the form of 

planes of weaknesses. One such approach by which the strengths of the rocks are reduced by 

visibly observing the discontinuities present in them is the Geological Strength Index (GSI), 

wherein the strength parameters of the rocks are considerably reduced to confirm to that of the 

rock masses exhibited in the field. 

1.6.4 GEOLOGICAL STRENGTH INDEX (GSI) 

A new rock mass classification scheme was introduced by Hoek and Brown (1997) based on 

visual observations of geological conditions making it simple, fast and reliable. It is called the 

Geological Strength Index (GSI). It reflects the property of a discontinuous or jointed rock mass 

which influences its strength and deformability. GSI considers the shapes of contact rock pieces 

as represented by its boundaries and degree of interlocking as well as the conditions on the 

surface separating those. The surface conditions vary from very good to very poor with GSI 

values between 100 and 0 respectively. The interlocking blocks vary between intact or massive 

to laminated or sheared. 

 



  

 

1.7 Slope Design, Modelling and Boundary Conditions 

The shear strength of the rock mass including that of the joints and discontinuities typically 

influence stability of slopes. The determination of the rock behavior subjected to deformation 

including that of the joint and joint filling materials is a complex phenomenon. Hence, those are 

determined indirectly involving both laboratory data and test data. A number of such approaches 

exist for the determination of slope stability, however, intact rock criteria, Mohr-Coulomb (MC) 

and Hoek-Brown are the most popular approaches that are evaluated here. MC considers a 

linear relationship between shear strength and gravitational loading whereas HB considers a 

Fig. VI: The Geological Strength Index (GSI) chart used for rock mass 
properties 



non-linear relationship. A few of those approaches for slope design are discussed below are 

used to find the shear strength as cohesion ‘c’ and angle of internal friction ‘φ’. 

I. Mohr-Coulomb Approach: 

It used the intact rock strength parameters i.e., cohesion and friction angle to find the factor 

of safety. It overestimates the rock mass strength or behavior in field conditions. 

II. Generalized Hoek-Brown Approach: 

It considers rock mass parameters like mineralogy, composition, grain size influence, degree 

of fracture, site influence, disturbance expected due to blasting and stress relief as well as 

visual observation data. The following are some of the empirical equations used to predict 

the rock mass parameters:  

𝑚𝑏 = 𝑚𝑖exp ( 
𝐺𝑆𝐼 − 100

28 − 14𝐷
 ) 

𝑠 = exp( 
𝐺𝑆𝐼 − 100

9 − 3𝐷
 ) 

𝑎 =
1

2
+

1

6
(𝑒−

𝐺𝑆𝐼
15 − 𝑒−

20
3 ) 

𝜎𝑐𝑚 =
2𝑐′𝑐𝑜𝑠𝜑′

1 − 𝑠𝑖𝑛𝜑′
 

𝜎𝑡𝑚 =
2𝑐′𝑐𝑜𝑠𝜑′

1 + 𝑠𝑖𝑛𝜑′
 

𝜎𝑡𝑚 = −
𝑠. 𝜎𝑐𝑖

𝑚𝑚
 

Where, σcm, σtm, σci, c’ and φ’ are uniaxial compressive strength of rock mass, tensile 

strength of rock mass, uniaxial compressive strength of intact rock, cohesion and angle of 

internal friction of rock mass respectively. The other parameter D is a factor for near surface 

blast damage and stress reduction, mm, and miare Hoek and Brown parameter for rock 

mass and intact rock respectively depending on mineralogy, composition and grain size 

influence, s is a rock mass characteristic, i.e., how fractured the rock mass is with typical 

values in the range of 0.001 to 1 and a is a site constant for quality of rock, about 0.5. in this 

investigation. The surface mine would require blasting for excavation process. Therefore the 

value of D is considered to be 1 for such conditions where production blasting is carried out, 

and 0.7 where the rock mass can be extracted by mechanical excavations. The 

compressive and tensile strength values exhibited at the field are much less than that 

obtained in the laboratory testing. The effective uniaxial compressive strength value of the 



rock mass is determined from the empirical equation proposed by Marinos and Hoek (2001) 

as below: 

𝜎𝑐𝑚 = 0.0034𝑚𝑖
0.8𝜎𝑐𝑖(1.029 + 0.025𝑒−0.1𝑚𝑖)𝐺𝑆𝐼 

III. Mohr-Coulomb Rock Mass Parameter Approach: 

Mohr-Coulomb approach is quite popular and the various rock mass parameters such as 

cohesion, c’ and angle of internal friction, φ’ have been developed from the Hoek-Brown 

approach using the following relations (Hoek et al, 2002). 

𝑠𝑖𝑛𝜑′ =
6𝑎𝑚𝑚(𝑠 + 𝑚𝑚𝜎3𝑛

′ )𝑎−1

2(1 + 𝑎)(2 + 𝑎) + 6𝑎𝑚𝑚(𝑠 + 𝑚𝑚𝜎3𝑛
′ )𝑎−1

 

𝑐′

𝜎𝑐𝑖
=

[(1 + 2𝑎)𝑠 + (1 − 𝑎)𝑚𝑚𝜎3𝑛
′ ](𝑠 + 𝑚𝑚𝜎3𝑛

′ )𝑎−1

(1 + 𝑎)(2 + 𝑎)
√1 + (6𝑎𝑚𝑚(𝑠 + 𝑚𝑚𝜎3𝑛

′ 𝑎−1
))

(1 + 𝑎)(2 + 𝑎)

 

𝜎3𝑛
′ = 𝜎3,max

′ /𝜎𝑐𝑖
′  

Where, 𝜎3,max
′  is maximum value of lateral stress. It is related to slope height H and unit weight γ 

of the rocks. The effective maximum lateral stress of the rock is given by the relation as below: 

𝜎3,max
′

𝜎𝑐𝑚
′ = 0.72 (

𝜎𝑐𝑚
′

𝛾𝐻
)

−0.91

 

The design has considered the average values of the geotechnical parameters as determined 

from various approaches each with respective factor of safety with the application of 

gravitational force on the models created for analysis. The failure plane has been analyzed for 

wide variations in its locations and safety factors associated with the most critical plane is 

determined.  

1.8 Failure consideration of the Ore Body slope 

Slope failures in surface operations involving hard rocks primarily depend on the characteristics 

of the rocks and the behavior of the geological features as well as the interaction between the 

geology and the rock characteristics. Soil or heavily fractured earth materials typically fail by 

circular failure whereas rock geometry fails by circular failures if there is any intrusion of weak 

layers incorporated into the rock mass or typically rock geometry fails by plane, wedge or 

toppling modes. The stability of the slope is generally controlled by the shear strength 

parameters along with others. Stability analysis typically follows the limit equilibrium method. In 

limit equilibrium method, failure or sliding occurs when a limit equilibrium condition is reached 



i.e., when the resisting forces balance the driving forces such that any disturbances in the 

balance between them causes the slope to undergo failure. These design methods are widely 

accepted and are also commonly used and enable moderation of the slope performances with 

the variations in the parameters involved in slope design. The primary idea behind the limit 

equilibrium approach is to determine a state of stress along the surface which is likely to fail 

such that the free body, along with the slip surface and the free ground surface remains in static 

equilibrium. The state of stress is then compared with the available strength, which is the stress 

required to cause failure along the slip surface.  

Thus, the analysis involves determination of the factor of safety against sliding for an unstable 

block of rock mass, represented by, FOS = Fr/ Fs, where Fr is the total resisting force available 

against sliding and Fs is the driving force that induces the sliding. The analysis involves 

developing the model, assigning rock properties, specifying the boundary conditions followed by 

analyzing the whole of slope geometry to determine the location that would exhibit the lowest 

factor of safety. 

1.8 Metal Mines Regulations, 2019(reproduced verbatim) 

The Metal Mines Regulations (MMR) as prescribed by the Directorate General of Mines Safety 

(DGMS) lays the following guidelines in Section 116 and 118 in accordance to the stability of 

slopes those are reproduced verbatim below. 

116. Mechanised Opencast working: 

(1) The height of the benches in overburden consisting of alluvium soil, morum, gravel, clay, 

debris, soft ore body or other similar ground shall not exceed three meters and the width thereof 

shall not be less than three times the height of the bench or three times the width of the dumper 

if dumpers ply on the bench or as determined by the scientific study, whichever is more. 

(2) The height of the benches in hard and compact ore body and overburden of rock formation 

other than that mentioned in sub-regulation (4) shall not be more than the digging height or 

reach of the excavation machine in use for digging, excavation or removal, and the width thereof 

shall not be less than - 

(a) The width of the widest machine plying on the bench plus two meters; or 

(b) If dumpers ply on the bench, three times the width of the dumper; or 

(c) The height of the bench; or 

(d) As determined by the scientific study whichever is more. 



118. Spoil-banks and dumps. 

(1) While removing overburden, the top soil shall be stacked at a separate place, so that, the 

same is used to cover the reclaimed area.  

(2) The slope of a spoil bank shall be determined by the natural angle of repose of the material 

being deposited but, in any case, shall not exceed 37.5 degrees from the horizontal or an angle 

in excess of natural angle of repose or as determined by the scientific study, whichever is less 

and such spoil bank shall not be retained by artificial means: Provided that where in any mine, a 

steeper slope of a spoil bank in excess of 37.5 degrees or natural angle of repose has been 

recommended as a result of a scientific study by any scientific agency or institution, having 

expertise in slope stability, the Regional Inspector may, by an order in writing and subject to 

such conditions as he may specify therein, permit a steeper slope of the spoil bank.  

(4) Any spoil bank exceeding 30m in height shall be benched so that no bench exceeds 30m in 

height and the overall slope shall not exceed 1 vertical to 1.5 horizontal: Provided that, the 

Regional Inspector may, by an order in writing and subject to such conditions as he may specify 

therein, restrict height and overall slope of the spoil bank.  

(5) The toe of a spoil bank shall not extend to any point within a distance equal to height of the 

spoil bank from a mine opening, railway or other public works, public road or other permanent 

structure not belonging to the owner: Provided that, the Regional Inspector may, by an order in 

writing and subject to such conditions as he may specify therein, may increase the distance in 

variance of the above. 

1.8.2 Safety Analysis of Slope Profiles 

The geological transverse sections for Nuagaon provided by JSW Steel Limited have been 

considered and those slope profiles were analysed. Each material present have been assigned 

suitable strength characteristics as obtained from laboratory testing and field observations and 

the factor of critical safety value is computed. A number of such sections have been analysed 

that are represented below. Ground water table is present well below the slope forming 

materials and hence is assumed to have no effect on the stability of the slopes that have been 

considered for stability analysis. 

For Rock samples, the cores were used to determine its representative UCS values and for the 

loose rock mass the samples, their cohesion and internal friction were calculated by direct shear 

test. However these values are much higher and it’s not a reliable demonstration of the field 

condition. Therefore the GSI value is incorporated in the determination of cohesion and friction 



angle which is a much better representation of the field situation. Here, The GSI values were 

obtained from the on-site survey of the undisturbed exposed mineral outcrop. The mi values 

were determined from the predefined values which best represents the rock strength. The 

Disturbance factor is considered 1 or 0.7 as per the mine practice.  

Table 1 Geotechnical parameters of rock samples 

ORE TYPE GSI 
UCS 

(MPa) 

MC  Rock Mass     
Parameters 

HB Rock Mass Parameters 
Average 
Density 

(g/cc Cohesion 
(MPa) 

Friction 
Angle 

(Degree) 

Cohesion 
(MPa) 

Friction 
Angle 

(Degree) 

BHJ/BHQ 65 180 1.080 63 0.89 68 2.8 

Lateritic Ore 55 35 0.131 53 0.079 67 1.83 

Hard Laminated 
Ore 

75 85 1.256 61 1.02 68 4.89 

Table 2 Dry Rock Mass parameters 

ORE TYPE GSI 

MC Rock Mass Parameters 
Average 
Density 
(g/cc) 

Drained 

Cohesion 
(MPa) 

Friction Angle 
(Degree) 

SLO 46 0.07 39 3.26 

Laterite 40 0.032 39 2.74 

Blue Dust 39 0.03 28 2.95 

Shale 60 0.017 35 1.87 

Table 3 Saturated Rock Mass parameters 

ORE TYPE GSI 

MC Rock Mass Parameters 
Average 
Density 
(g/cc) 

Undrained 

Cohesion 
(MPa) 

Friction Angle 
(Degree) 

SLO 46 0.041 30 2.97 

Laterite 40 0.027 39 2.47 

Blue Dust 39 0.028 26 2.634 

Shale 60 0.014 32 1.66 



CHENAGODA QUARRY 
N2430200 

 

Figure 1 Nuagaon cross section N2430200 



Analysis 1-E324500 

1.1 DRY CONDITION [in-situ]    

 

Figure 2 Slope stability analysis of a friable ore slope having FOS of 0.853 

1.2 SATURATED CONDITION 

 

Figure 3 Slope stability analysis of a friable ore slope having FOS of 0.790 



Analysis 2- E324900 

2.1 DRY CONDITION [in-situ] 

 

Figure 4 Slope stability analysis of a laterite slope having FOS of 1.384 

2.2 SATURATED CONDITION 

 

Figure 5 Slope stability analysis of a friable ore slope having FOS of 1.362



N2430100 

 

Figure 6 Nuagaon cross-section N2430100 



Analysis 1 - E324400 

DRY CONDITION [in-situ] 

 

Figure 7 Slope stability analysis of a friable ore slope having FOS of 1.258 

SATURATED CONDITION 

 

Figure 8 Slope stability analysis of a friable ore slope having FOS of 1.194 

 



Analysis 2 - E324800 

DRY CONDITION [in-situ] 

 

Figure 9 Slope stability analysis of a friable ore slope having FOS of 1.255 

SATURATED CONDITION 

 

Figure 10 Slope stability analysis of a friable ore slope having FOS of 1.146



N2430000 

 

Figure 11 Nuagaon cross-section N2430000 

 



Analysis 1 

1.1 DRY CONDITION [in-situ]

 

Figure 12 Slope stability analysis of a friable ore slope having FOS of 1.415 

1.2 SATURATED CONDITION 

 

Figure 13 Slope stability analysis of a friable ore slope having FOS of 1.368



N2429900 

 

Figure 14 Nuagaon cross section N2429900 

 

 

 



Analysis 1 

DRY CONDITION [in-situ] 

 

Figure 15 Slope stability analysis of a laterite and friable ore slope having FOS of 1.859 

SATURATED CONDITION 

 

Figure 16 Slope stability analysis of a laterite and friable ore slope having FOS of 1.596



N 2429800 

 

Figure 17 Nuagaon cross-section N 2429800 

 



Analysis 1 

1.1 DRY CONDITION [in-situ] 

 

Figure 18 Slope stability analysis of a Iron Ore > 55% slope having FOS of 3.351 

2.1 SATURATED CONDITION 

 

Figure 19 Slope stability analysis of a Iron Ore > 55% slope having FOS of 2.130 



KANHUSAHI 

N2429000 

 

Figure 20 Nuagaon cross section N2429000 



Analysis 1 

1.1 DRY CONDITION [in-situ] 

 

Figure 21 Slope stability analysis of a friable ore slope having FOS of 1.933 

1.2 SATURATED CONDITION 

 

Figure 22 Slope stability analysis of a friable ore slope having FOS of 1.804 



N2428900 

 

Figure 23 Nuagaon  CROSS SECTION N2428900 

 



Analysis 1 

1.1 DRY CONDITION [in-situ] 

 

Figure 24 Slope stability analysis of a friable ore slope having FOS of 1.488 

1.2 SATURATED CONDITION 

 

Figure 25 Slope stability analysis of a friable ore slope having FOS of 1.467 



N2428800 

 

  Figure 26 Nuagaon cross section N2428800 



Analysis 1 

1.1 DRY CONDITION [in-situ] 

 

Figure 27 Slope stability analysis of a friable ore slope having FOS of 1.639 

1.2 SATURATED CONDITION 

 

Figure 28 Slope stability analysis of a friable ore slope having FOS of 1.520 



MDH QUARRY 

N2430900 

 

Figure 29 Nuagaon cross section N2430900 



Analysis 1 

1.1 DRY CONDITION [in-situ] 

 

Figure 30 Slope stability analysis of a friable ore slope having bench height 9.4 m and bench angle 
70, showing FOS of 1.206 

1.2 SATURATED CONDITION

 

Figure 31 Slope stability analysis of a friable ore slope having bench height 9.4 m and bench angle 
70, showing FOS of 1.118



N2430800 

 

Figure 32 Nuagaon cross section N2430800 



Analysis 1-E323600 

1.1 DRY CONDITION [in-situ] 

 

Figure 33 Slope stability analysis of a laterite slope having FOS of 1.375 

1.2 SATURATED CONDITION 

 

Figure 34 Slope stability analysis of a laterite slope having FOS of 1.262 

 



Analysis 2-E324400 

2.1 DRY CONDITION [in-situ] 

 

Figure 35 Slope stability analysis of a friable ore slope having FOS of 1.539 

2.2 SATURATED CONDITION 

 

Figure 36 Slope stability analysis of a friable ore slope having FOS of 1.418 



Analysis 3-E324600 

3.1 DRY CONDITION [in-situ] 

 

Figure 37 Slope stability analysis of a friable ore slope having FOS of 1.548 

3.2 SATURATED CONDITION 

 

Figure 38 Slope stability analysis of a friable ore slope having FOS of 1.437 



N2430700 

 

Figure 39 Nuagaon cross section N2430700 



Analysis 1 - E323800 

1.1 DRY CONDITION [in-situ]

 

Figure 40 Slope stability analysis of a laterite slope having FOS of 1.334 

1.2 SATURATED CONDITION 

 

Figure 41 Slope stability analysis of a laterite slope having FOS of 1.211 

 



Analysis 2-E324400 

2.1 DRY CONDITION [in-situ] 

 

Figure 42 Slope stability analysis of a friable ore slope having FOS of 1.568 

2.2 SATURATED CONDITION 

 

Figure 43 Slope stability analysis of a friable ore slope having FOS of 1.445 



Analysis 3 - E324600 

3.1 DRY CONDITION [in-situ] 

 

Figure 44 Slope stability analysis of a laterite slope having FOS of 1.505 

3.2 SATURATED CONDITION 

 

Figure 45 Slope stability analysis of a laterite slope having FOS of 1.362



SONUKUCHA QUARRY 

 

Figure 46 Nuagaon cross-section N2432200 



Analysis 1 -E324700 

1.1 DRY CONDITION [in-situ] 

 

Figure 47 Slope stability analysis of a laterite slope having FOS of 1.361 

1.2 SATURATED CONDITION 

 

Figure 48 Slope stability analysis of a friable ore slope having FOS of 1.263 

  



Analysis 2 -E324900 

2.1 DRY CONDITION [in-situ]

 

Figure 49 Slope stability analysis of a friable ore slope having FOS of 1.554 

2.2 SATURATED CONDITION 

 

Figure 50 Slope stability analysis of a friable ore slope having FOS of 1.521 

 



N2432100 

 

Figure 51 Nuagaon cross section N2432100 



Analysis 1- E324600 

1.1 DRY CONDITION [in-situ] 

 

Figure 52 Slope stability analysis of a friable ore slope having FOS of 1.558 

1.2 SATURATED CONDITION 

 

Figure 53 Slope stability analysis of a friable ore slope having FOS of 1.364 



Analysis 2- E3325000 

2.1 DRY CONDITION [in-situ] 

 

Figure 54 Slope stability analysis of a friable ore slope having FOS of 2.010 

2.2 SATURATED CONDITION 

 

Figure 55 Slope stability analysis of a friable ore slope having FOS of 1.568



N2432000 

 

Figure 56 Nuagaon cross section 2432000 

 

 



Analysis 1-E324600 

1.1 DRY CONDITION [in-situ]

 

Figure 57 Slope stability analysis of a friable ore slope having FOS of 1.518 

2.1 SATURATED CONDITION 

 

Figure 58 Slope stability analysis of a friable ore slope having FOS of 1.4 

 



Analysis 2-E325000 

2.1 DRY CONDITION [in-situ] 

 

Figure 59 Slope stability analysis of a friable ore slope having FOS of 1.485 

2.2 SATURATED CONDITION 

 

Figure 60 Slope stability analysis of a friable ore slope having FOS of 1.376



N2431900 

 

Figure 61 Nuagaon cross section 2431900 

Analysis 1 

 

Analysis 2 



Analysis 1-E324800 

1.1 DRY CONDITION [in-situ] 

 

Figure 62 Slope stability analysis of a friable ore slope having FOS of 1.720 

2.1 SATURATED CONDITION 

 

Figure 63 Slope stability analysis of a friable ore slope having FOS of 1.593 

 



Analysis 2- E325000 

2.1 DRY CONDITION [in-situ]

 

Figure 64 Slope stability analysis of a friable ore slope having FOS of 1.772 

2.2 SATURATED CONDITION 

 

Figure 65 Slope stability analysis of a friable ore slope having FOS of 1.642 

 



Sections Analysis No. FOS failure material Figure No. 

N2430200 

1.1 Dry condition 0.853 Iron Ore > 55 % 2 

1.2 Saturated 
condition 

0.790 Iron Ore > 55 % 3 

2.1 Dry condition 1.384 Laterite 4 

2.2 Saturated 
condition 

1.362 Iron Ore > 55 % 5 

N2430100 

1.1 Dry condition 1.258 Iron Ore > 55 % 7 

1.2 Saturated 
condition 1.194 Iron Ore > 55 % 8 

2.1 Dry condition 1.255 Iron Ore > 55 % 9 

2.2 Saturated 
condition 

1.146 Iron Ore > 55 % 10 

N2430000 

1.1 Dry condition 1.415 Iron Ore > 55 % 12 

1.2 Saturated 
condition 

1.368 Iron Ore > 55 % 13 

N2429900 

1.1 Dry condition 1.859 
Laterite + Iron Ore 

45-55 % + Iron Ore 
> 55 % 

15 

1.2 Saturated 
condition 

1.596 
Laterite + Iron Ore 

45-55 % + Iron Ore > 
55 % 

16 

N2429800 

1.1 Dry condition 3.351 Iron Ore 45-55 % 18 

1.2 Saturated 
condition 

2.130 Iron Ore 45-55 % 19 

N2429000 

1.1 Dry condition 1.933 Iron Ore > 55 % 21 

1.2 Saturated 
condition 

1.804 Iron Ore > 55 % 22 

N2428800 

1.1 Dry condition 1.488 Iron Ore > 55 % 24 

1.2 Saturated 
condition 

1.467 Iron Ore > 55 % 25 

N2430900 

1.1 Dry condition 1.639 Iron Ore > 55 % 27 

1.2 Saturated 
condition 

1.520 Iron Ore > 55 % 28 

N2423800 

1.1 Dry condition 1.206 Iron Ore > 55 % 30 

1.2 Saturated 
condition 

1.118 Iron Ore > 55 % 31 

N2430800 

1.1 Dry condition 1.375 Laterite 33 

1.2 Saturated 
condition 

1.262 Laterite 34 

2.1 Dry condition 1.539 Iron Ore > 55 % 35 



2.2 Saturated 
condition 

1.418 Iron Ore > 55 % 36 

3.1 Dry condition 1.548 Iron Ore > 55 % 37 

3.2 Saturated 
condition 

1.437 Iron Ore > 55 % 38 

N2430700 

1.1 Dry condition 1.334 Laterite 40 

1.2 Saturated 
condition 

1.221 Laterite 41 

2.1 Dry condition 1.568 Iron Ore > 55 % 42 

2.2 Saturated 
condition 

1.445 Iron Ore > 55 % 43 

3.1 Dry condition 1.505 Laterite 44 

3.2 Saturated 
condition 

1.362 Laterite 45 

N2432200 

1.1 Dry condition 1.361 Laterite 47 

1.2 Saturated 
condition 

1.263 Iron Ore > 55 % 48 

2.1 Dry condition 1.554 Iron Ore > 55 % 49 

2.2 Saturated 
condition 

1.521 Iron Ore > 55 % 50 

N2432100 

1.1 Dry condition 1.558 Iron Ore > 55 % 52 

1.2 Saturated 
condition 1.364 Iron Ore 45-55 % 53 

2.1 Dry condition 2.010 Iron Ore 45-55 % 54 

2.2 Saturated 
condition 

1.568 Iron Ore 45-55 % 55 

N2432000 

1.1 Dry condition 1.518 Iron Ore > 55 % 57 

1.2 Saturated 
condition 

1.4 Iron Ore > 55 % 58 

2.1 Dry condition 1.485 Iron Ore > 55 % 59 

2.2 Saturated 
condition 

1.376 Iron Ore > 55 % 60 

N2431900 

1.1 Dry condition 1.720 Iron Ore > 55 % 62 

1.2 Saturated 
condition 1.593 Iron Ore > 55 % 63 

2.1 Dry condition 1.772 Iron Ore > 55 % 64 

2.2 Saturated 
condition 

1.642 Iron Ore > 55 % 65 

 

 



RECOMMENDATIONS 

The objective is to find the ideal bench parameters for probable failure material profiles. Models were 

designed and analyzed to achieve optimum bench dimensions for the specific material profile. The 

characteristic Models with a constant bench height having a safety factor of 1.3 are shown below 

with their corresponding slope angles.  Additionally, graphs were attached to showcase a relation 

between optimum bench parameters and FOS. With the help of the trend line, the optimal bench 

angle corresponding to the existing bench height to attain a safety factor of 1.3 can be determined. 
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 Precautionary Measures 

Unanticipated movement on the ground can pose hazardous condition that may harm lives, 

equipment and properties.  There are several ways to reduce chances of surface ground failure as 

(a) safe geotechnical design, (b) secondary support or rock fall catchment system, and (c) 

maintaining devices for advance warning of impending failure.  Proper bench design can minimize 

rock fall hazards.  Certain support system may enhance overall rock mass strength.  The analysis 

shows that no large scale failure is possible thoughlocalised bench failure cannot be ruled out. 

Those should be arrested by lower benches and hence access of machineries should be 

maintained.   

2.1 Drainage and Water Management 

Rainwater plays a adverse role in mine slope stability.  So care should be made to avoid entry of 

rainwater in the slope.  So, suitable drainage facility should be made in and around the mine and 

waste dump. Drains should be properly maintained.  Drain channels should be inspected regularly to 

keep the path free from debruises.  Effectiveness of drainage may be maintained by piezometers 

and other instruments to check the functioning.   

Rainwater should not be allowed to accumulate or left unattended. Effective garland drain should be 

provided around pit and waste dumps.  Maintaining a proper gradient should help in quick run off of 

water.  Surface run off and sub surface water adds to instability.   

Grasses have very high binding capacity and help in long term stabilization.  It also helps in reducing 

the water pressure due to evapo-transmission.  

2.2 Water management 

Rainwater of the adjacent areas should not be allowed to enter the mine pit.  It would cause erosion 

and deep gullies.  So rainwater catchment area should be channeled away to other areas.  The 

upper surface of the mine and dump should be adequately graded to divert he run off of rain water 

away.  Therefore, proper levelling and grading of surface should be carried out. Regular and 

continuous maintaining should be done to check the flow path of rainwater and to take immediate 



remedial measures.  Rainwater in the dump should be channel down effectively through effective toe 

drain arrangement. Subsurface drainage system or sub drains should remove subsurface water 

directly from an unstable slope, to redirect adjacent ground water sources away and to reduce 

hydrostatic pressure.  

2.3 Stability of Benches 

Pit walls often experience vibration due to poor blasting operations.  Uncontrolled blasting results in 

over brakes, widening of existing cracks/joints, creation of fresh cracks etc.  Those become critical to 

the stability of pit slopes.  Therefore, a properly designed and controlled blasting should be carried 

out. Controlled blasting with closely spaced or carefully designed drill holes, properly selected 

explosives, and sequential detonation should be adopted.   The control blasting can be achieved by 

broadly by (i) using an explosive with a relatively low detonation velocity, and (ii) maintaining air gap 

between the explosive and the wall of drill hole.  The mine authority is recommended to go for 

scientific study for this. 

2.4 Slope Monitoring 

Three general principles of slope geo-mechanics that govern slope stability are (Kliché, 1999)   

a. Slope failures do not occur spontaneously 

b. Most slope failures tend towards equilibrium 

c. A slope failure does not occur without warning 

The slope should be regularly monitored to observe any instability in advance so as to avoid any 

damage to men and machineries.  The instability if detected at early stage can be addressed by 

adopting suitable remedial measure. In general, slope stabilization involves continuous monitoring of 

the slopes to detect any movement. The guidelines given in the gazette of Indian extraordinary part 

–II, section 3, Subsection-1, New Delhi Feb 21, 2020 for mine workings should be followed.  There 

should be a team of dedicated skilled persons with proper training for slope monitoring exercises.  

Slope stabilization schemes as grading, serrating, benching, arresting rock falls, and other measures 

should be adopted. Slope monitoring mechanism varies widely from a simple visual observation of 



signs of instability to use of state of art instrumentation.  Regular surveying of other benches and 

their movement both horizontal and vertical can be carried out to determine potential instability. 

Determination of simple displacement by tension cracks mapping, extensometers and survey points 

are some of the cost effective monitoring method.  Typically, all these methods should be adopted 

as no single method represent the whole behavior accurately. Systematic mapping of tension cracks 

show geometry of the failure more effectively.  All cracks should be mapped regardless of apparent 

cause.  The end of the cracks should be flagged or marked so that new cracks or extensions of 

existing cracks can be identified.  Portable wire extensometers provide monitoring in areas of active 

instability across tension cracks.  The extensometers should be positioned on stable ground behind 

the last visible tension crack and the wire should extend to the unstable area.  Anyone working in the 

area can check on slope movement by inspecting the instruments. The monitoring of prism targets 

with the total station provide detailed movement history for displacement and rates in the unstable 

areas. 

2.5 Monitoring Schedule 

A well designed and developed monitoring schedule should be established. Frequency of monitoring 

depends on precision, rate of movement and how critical the area is. If there is heavy rain or a large 

blast in the area, additional measurement should be made.  Mines should attempt to establish 

measurement of surface movement through survey network.  The network should consist of target 

areas/locations/sections (e.g. prism shape) placed on and around area of anticipated instability on 

slopes and one or more non-moving contact points for survey stations. The angles and distances 

from the survey stations to the locations/areas/sections should be measured on regular basis to 

establish history of movement on slope.  The permanent control points for the survey stations should 

be placed on stable ground.  

2.6 Tension Cracks 

The formation of cracks at the top of a slope, specifically on dump sections exhibits the sign of 

instability. The measurement and monitoring of the changes to crack width and its direction of 



propagation establish the extent of the unstable area. Existing cracks may be identified with clear 

identification so that new cracks can be easily identified.  

 
Figure 17. Methodology to measure tension crack (after Call, 1982) 

Measurements of tension cracks can be carried out simply by driving two stakes or either side of it 

and measuring its separation over time. Portable wireline extensometer is another method of 

monitoring tension crack behaviour. 

 
Figure 18: Cross-sectional schematic of typical traverse-probe inclinometer system 

Inclinometer is another equipment to monitor ground movement specifically in horizontal direction 

(fig 16, pp). The end of the casing is fixed to a stable part. The groves have sensing units and the 

deflection of casing reflects the movement of rock mass. Inclinometers provide information on  

 Location of shear zones  

 Natures of shear along the zone plan rotational 

 Measurement along shear zones and predict its rate i.e. constant, accelerating or decelerating 



Borehole extensometer is another technique to monitor slope movement. It consists of tensioned 

rods anchored at varying points in the borehole (Fig 18). Changes in the distance between the 

anchor and the rod head give the movement information for rock mass. 

 

Figure 19: Multi-point borehole extensometer 

TDR (Time Domain Reflectometry) is a recent approach that uses electronic pulses through coaxial 

cable. Signal at the deformation or break in cable position gives information on the subsurface rock 

mass behaviour. 

2.7 Piezometers 

The effectiveness of mine dewatering schemes and the effects of seasonal variations can be 

determined by piezometers. Excessive pore pressure, water infiltration in particular at geological 

boundaries cause slope failures. So data on water pressure development should be maintained 

regularly. Highwalls and other potential faces should be examined regularly for new seeps or 

changes in water flow rate.  

Stress, gravity loading, rock mass strength, geology, pore pressure as well as many other factors 

contribute to slope failure.  Complete attention to monitor each and every potential failure block is 

neither feasible not economical and often not attainable with conventional point displacement 

monitoring techniques.  As mining activities progress, it becomes important to monitor different 



sections of the pit walls. So, frequent relocation of survey devices can be challenging. One recent 

advancement that is being experimented with success is synthetic aperture radar (SAR). It can 

generate high quality digital elevation maps (DEMs) and detect disturbances of earth’s surfaces.  

There are a few variations of the same that are being developed that can take continuous images in 

almost all weather and time conditions.  Those may be explored by the mine management. 

3.0 Conclusions and Recommendations 

The following conclusion and recommendations are made with reference to the slope stability 

investigation carried for Nuagaon iron ore mine.   

1.  There is no challenge due to ground water at the mine.  However, steps are recommended to 

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.  The drains should be kept clear of silt and debris. 

2. There should be regular mapping of the weak zones, faults and bedding planes of the pit by 

geologist and data should be used for further analysis of slope stability for different geo-mining 

condition. It will facilitate to detect any unfavorable conditions at different stages of mining. 

3. Mining and excavation activities change the physical dimension of the system.  So regular 

scientific study should be carried out for safety factor analysis of the pit as well as dump sections, 

say every 5 to 6 years or if significant alteration of system happens or change in geological structural 

features observed. 

4. Mine management should make a dedicated team of trained and competent persons for slope 

monitoring with clearly defined duties and responsibilities DGMS (Tech). Circular No. 2 of 2020 

dated 09.01.2020.  The monitoring should be done periodically at least once a month and the results 

of the monitoring should be recorded.  The monitoring data should be regularly analyzed to predict 

the slope movement or instability well in advance.  In case of need/ help or advice may be sought 

from expert agencies in the field of slope stability and slope monitoring. 

5. The open cracks, whenever develop, the partially consolidated new pump mass should be 

consolidated with the help of dozer/ compactor followed by proper levelling of the benches so that 



entry of water in cracks is minimized. It will help to consolidate the dumped material and will 

minimize filtration of water inside slopes. 

6. During 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 tension crack is detected in the pit/dump, the entry of water 

inside the crack should be checked. 

7. Recommendations stipulated in the report should be implemented in total and under the 

supervision of a competent scientific agency. 
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NUAGAON IRON ORE MINES 

 
Environment Management Cell 

 

Environment management cell (EMC) working for the management of Environmental monitoring of the mines and to act 
upon mitigation measures on the impacts of the production of mine with its surrounding environment so that pollution 
load, water and air quality can be maintained. Key functioning of EMC would be for compliance monitoring and to adhere 
with Environmental aspects and issues of the project during operation phase. EMC created with an objective of 
organizational framework for operating Environment Management System (EMS) and other functions of responsibilities 
for environmental betterment; and formulating Environmental Action Plans (EAPs) which specify mitigation, periodic and 
annual monitoring activities during project implementation and operation phase of mining. 

 
The potential activities structured for the control mechanism by EMC, such activities are: Air pollution due to the emission 
of particulate matter, Gaseous pollutants and fugitive emissions; Noise pollution due to various noise generating 
equipment and mining activities; Wastewater generation from domestic activities; and Solid waste disposal. In order to 
minimize these impacts and to ensure that the environment in and around the project site as well as the neighboring 
population is well protected; an effective environment management plan to be developed and maintained by Environment 
management cell. 
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