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Ref No.GM/B-1I/ENV./2023-24/ 74

To

The Director

Ministry of Environment, Forest & CC

2™ Floor, Headquarter- Jharkhand State Housing Board
Harmu Chowk

. Ranchi, jharkhand-834002

Sub: Six monthly reports on implementation of Environmental measures for
the period from Apr’ 2023 to Sep’ 2023 in respect of Cluster — II groups of mines.

Ref ;- EC Order No. J-11015/35/2011-TA.IT (M) dated 06.02.2013

Dear Sir,

Kindly find enclosed herewith the six-monthly report on implementation of Environmental measures
for the period from Apr’ 2023 to Sep’ 2023 in respect of Cluster —II groups of mines. Cluster- II
groups of mines having leasehold area 2025.75 Ha is under mining operation.

This is for your kind information and doing needful, please.

Yours faithfully

A

General Manager
Pty Block-11 Area
Encl: as above

C.Cto

1. HoD (Envt.), BCCL, Koyla Bhawan, Dhanbad
2. Nodal Officer (Envt.), Barora Area
3. Nodal Officer (Envt.), Block-II Area



"SI | A Specific Conditions by MOEF:
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ENVIRONMENTAL CLEARANCE COMPLIANCE OF

CLUSTER-II MINING AREA OF BCCL

(GRANTED VIDE: J-11015/35/2011-TA TI [M}—tlnted 06.02.13

' shall  not exceed beyond that for

environmental clearance has been granted for the 5 mine
of Cluster- 11.

| T—

il

| The measure to identify in the Environmental Plan for
Cluster- 11 groups of mine and the conditions given in

| this environmental clearance letter shall be dovetailed to
the implementation of the JTharia Action Plan,

SN '——

The _pronem shall prepare time -series maps of the |

Jharia Coalfields through NRSA to monitor and prevent
fire problems in the Jharia Coalfields by Isothermal
mapping /imaging and monitoring temperatures of the
coal seams (whether they are close to spontaneous
ignition temperatures) and based on which, areas with
potential fire problems shall be identified. Measures to
prevent ingress of air (Ventilation) in such areas, to
prevent restart fresh/spread fires in other areas including
in mines of cluster 11 shall be undertaken. Expertise
available internationally could also be utilized for control
of fire in Jharia Coalfields and for their reclamation and
to further minimize time for fire and subsidence control.
Monitoring of fire should be carried out regularly.

(01.04.2023 to 30.09.2023)

Compliance

The maximum production by opencast mining = The production from the Cluster is within limit for
which | which environment clearance has heen granted.

Mine [2020-21 | 2021-22 | 2022-23 |
Cluster | Coal | '
| (MTPA) | 505 | 518 | 66!
: — ._L — S T— —— _‘ e {__. —
Master Plan is dovetailed with environmental

clearance condition. Action like trench cutting &
water flushing is being taken to control, mine fires
including old OB dump & areas as specified in Jharia

. Master Plan

Time -series maps of the Jharia Coalfields is
prepared by NRSA for 2021 and will continue. As
per study conducted by NRSA, Toward the western
end of the mining area, the Benedih and Block II
OCP are affected by smaller fires from isolated
coal seams. An older fire patch is also seen in the
Shatabdi mine.

(Copy of NRSA report is enclosed as Annexure-I)

Underground mining should be taken up after completion
of reclamation of Opencast mine area.

Agreed. Underground mining will be taken up after
the completion of reclamation of Opencast mine
area.

The embankment constructed along the river boundary
shall be of suitable dimensions and critical patches shall
be strengthened by stone pitching on the river front side
and stabilized with plantation so as to withstand the peak
water flow and prevent mine inundation.

Strong stony embankment with plantation is present
along river & nalla flowing nearby along.

vi

The rejects of washeries in Cluster —II should be send to
FBC based plant.

No washery is present in cluster.

vil

No mining shall be undertaken where underground fires
continue. Measure shall be taken to prevent/ check such
fire including in old OB dump areas where the fire could
start due to presence of coal /shale with sufficient carbon
content.

Mining is being carried out as per the guidelines of
DGMS. Sufficient precaution like trench cutting and
water flushing is being taken to guard against fire.

viii

There shall be no external OB dumps. OB produce from
" the whole cluster will be 484.89Mm*. OB from 3 OCP
‘ and 2 patches in mixed mine shall be backfilled. At the
| end of the mining there shall be no void and the entire
mined out area shall be re-vegetated. Areas where
opencast mining was carried out and completed shall be
reclaimed immediately thereafter.

OB produced is being used in back-filling.
Ecological restoration practices is being carried out at
the stable OB dumps & decoalded area and grass seed
balls are also spread on the slopes of the dumps for
slope stability.



ixX

| A detailed calendar plan of production with plan for OB

dumping anc_l backfilling (for OC mines) and reclamation
and final mine closure plan for each mine of cluster-II
shall be drawn up and implemented.

Mining shall be carried out as per statute from the
streams/nalas flowing within the lease and maintaining a
safe distance from the Nalas flowing along the lease
boundary. A safety barrier of a minimum 60m width shall
be maintained along the nalas/water bodies. The small
water bodies in OC shall be protected to the extent
feasible and the embankment proposed along water body
shall be strengthened with stone pitching taking into
account the highest flood level, based on past data, so as
to guard against mine inundation. The slope of the
embankment shall at least 2:1 towards the ML. The
height of the embankment shall be at least 3 m higher
than the HFL. The embankment to be constructed by OB
/solid waste shall be strengthened with stone pitching.
Slope stability of the embankment shall be done by
planting suitable grass and shrubs using native species
selected from the study area.

Calendar plan of production with plan for OB has
been prepared. Mine closure plan as per the guidelines
of Ministry of Coal have been prepared by CMPDI
and is being implemented. Calendar plan for OC
mines of Cluster -11 for next 3 yrs.is:-

} [2023-24 | 202425 | 2025-26 [
Coal(MTe) 90 [9775 | 129 |

| OB (MMY) ‘ 21990 | 20336 | 22.097

It is being followed. More than 60 m distance is
being maintained from nearby river/nalla.

Strong stony embankment with plantation is present
along river/Nalla,

,}"' ¥ .:
The height of the embankment of Jamunia river is 8
m higher than the HFL

X1

Active OB dumps near water bodies and rivers should be
re-handled for backfilling abandoned mine voids.
However, those which have been biologically reclaimed
need not be disturbed.

There is no active OB dumps near water bodies and
rivers.

| xii

Thick green belt shall be developed along undisturbed
areas. mine boundary and in mine reclamation. A total
area of 1237.48ha shall be reclaimed and afforested.

It is being complied. Total area of 207.5 ha has been
planted. A total area of 21.5 ha & 500 gabion is
taken for plantation in 2021-23 & being eco-
restored.

e

—
| xiv J
|

Coalfields in the E

The road should be provided with avenue plantation on
both side as trees act as sink of carbon and other
pollutant.

500 no of sapling planted along connecting and
transportation road. 2 nos. of Plantation sites are |
present along road (approx. 400 m) connecting mine |
to state govt road and also there are 2-3 plantation site
along permanent road in mines. Most of the coal is
being transported through railway siding .Road
transport is being carried out through existing
network of NH/SH where avenue Plantation already
exist.

Speciﬁc__nﬁl'iga!ive measures identified for the Jharia

Dhanbad Action Plan is being implemented. The

nvironmental Action Plan prepared for |

salient actions of this area:



' Dhanbad as a critically polluted are and relevant for

XV

Cluster- 11 shall be implemented.

The locations of monitoring stations in the Tharia |
Coalfields should be finalized in consultation with the

Jharkhand State  Pollution Control Board. The

. Committee stated that smoke/dust emission vary from
- source to source (fuel wood, coal, fly ash from TPPs,

| entire Jharia Coalfields,

silica from natural dust, etc) and a Source
Apportionment Study should be got carried out for the
Mineralogical composition
study should be undertaken on the composition of the
suspended particulate matter (PMys and PM, <) in Jharia

- Coalfields and also quantified. These studies would help

' ascertain source and extent of the air pollution, based on |
. Which appropriate mitigative measures could be taken,

XVii

The Transportation Plan for conveyor-cum-rail for
Cluster-11 should be dovetailed with Jharia Action Plan.
Road transportation of coal during Phase-1 should be by
mechanically covered trucks. which should be
introduced at the earliest.

R&R of 1137 nos. of PAF’s involved. They should be
rehabilitated at cost of Rs 45.08 Crores as per the
approved Jharia Action Plan.

1. Covered transportation of Coal.
2. Water sprinkling,
3. Plantation
4. Utilization of surplus mine water.
Fstablishment of ambient environment quality
monitoring stations has been finalized in
consultation with the ISPCB.
The work of source apportionment was awarded to
NEERI, Nagpur on 12052018
NEERT Nagpur has submitted the final report as on
27.04.2022

The result report is attached.

CMPDIL RI-II has been requested to conduct study
and prepare the plan in this regarding. No OEM s
provided for mechanically covered trucks,
transportation is being done by covering vehicle with
Tarpaulin.

Implementation of master plan has already been
started through Jharkhand Rehabilitation and
Development Authority, Dhanbad. Survey of
affected site by JRDA has done.

XVill

Regular monitoring of groundwater level and quality of
the study area shall be carried out by establishing a
network of existing wells and construction of new
piezometers. The monitoring for quantity shall be dome
four times a vear in pre-monsoon (May), monsoon
(August). post-monsoon (November) and winter
(January) seasons and for quality including Arsenic and
Fluoride during the month of May. Data thus collected
shall be submitted to the Ministry of Environment &
Forest and to the Central Pollution Control Board/SPCB
quarterly within one month of monitoring. Rainwater
harvesting measures shall be undertaken in case
monitoring of water table indicates a declining trend.

Groundwater level and quality is being regularly
monitored by CMPDIL.

Tender has been cancelled thrice. The estimate is
being revised in association with CMPDI for re-
tendering.

Water level monitoring at 5 hydrograph stations has
been done in the months of May’22, August’22 &
November22 & Jan’23 and the Ground water level
data is enclosed in the table below:

Sl —_— Location | Water level (bgl in meters) |
No No. May | Aug’ | Nov ‘ Jan" |
22 22 22 | 23
| B-1 Muraidih 2.10 | 1.65 | 1.81 | 2.73
2 B-59 | Khodoval | 4.50 | 044 | 1.14 | 1.04
Y
3 B-60 | Bahiyardi 10.5 | 1.08 | 580  9.38
h 3 i
4 |B- Kesargora | 1.20 | 0.52 [ 0.97 @ Abn
61A
5 | B- Sadiyardih | 645 | 1.77 | 491 | 5.15
62A
| Average WL (bgl) 4.96 | 1.09 | 2.93 | 458

| (Soft copy of report is enclosed as Annexure 11)




“As the area is having O/C mines, hence no subsidence |

11 croup of mines. Specific activities shall be identified
for CSR for the budget of Rs 77.50 Lakhs per year@ Rs
5/T of coal provided for CSR for 2012-2013 and Rs. 5/T
of coal as recurring expenditure. The 416.98 ha of area
within Cluster Il ML existing as waste land and not being
| acquired shall be put to productive use under CSR and
developed with fruit bearing and other useful species for
the local communities. In addition to afforesting 1237.48
ha of area at the post-mining stage, the 122.18ha of
fallow/abandoned land and 416.98 ha waste land /barren
land within Cluster- II mining lease area shall be
rehabilitated/reclaimed as forest/agricultural land under
CSR Plan in consultation with local communities. Third
party evaluation shall be got carried out regularly for the
proper implementation of activities undertaken in the
project area under CSR. Issue raised in the Public
Hearing shall also be integrated with activities being
taken up under CSR. The details of CSR undertaken
along with budgetary provisions for the village-wise
various activities and expenditure thereon shall be
uploaded on the company website every year. The
company must give priority to capacity building both
within the company and to the local youth, who are
motivated to carry out the work in future.

XiX Regular monitoring of subsidence movement on the
surface over and around the working area and impact on | is there.
natural drainage pattern, water bodies, vegetation,
structure, roads, and surroundings shall be continued till
movement ceases completely. In case of observation of
any high rate of subsidence movement, appropriate
effective corrective measures shall be taken to avoid loss
of life and material. Cracks shall be effectively plugged
“lt_h_bﬁllais{l}g_cla}e} soil/suitable material. B N
XX Sufficient coal pillars shall be left un extracted around | Presently only OCP working exist.
the air shaft (within the subsidence influence area) to
| protect from any damage from subsidence, if any. - == |
xxi | High root density tree species shall be sclccrcd and | As the area is having O/C mines, hence no
| plﬂed over areas likely to be affected by sub5|_de_m,e subsidence is there. I
XXii Depression due to subsidence resulting in water | As the area is having O/C mines, hence no
accumulating within the low lying areas shall be filled up | subsidence is there.
. ordrained out by cutting drains. S - ‘
_xiii | Solid barriers shall be left below the roads falling within | As the area is having O/C mines, hence no subsidence |
f | the blocks to avoid any damage to the roads. is there. - o J
xxiv | No depillaring operation shall be carried out below the | Presently only OCP working exist in this cluster. ‘
| township/colony. 1
XXV A detailed CSR Action Plan shall be prepared for Cluster | BCCL is implementing CSR activities, as per Govt.

norms with a CSR Committee being evaluated by
Tata Institute of Social Science.

Rs. 191.67 lakhs spend for Construction and |
maintenance of toilets for Syears in Government
schools in Gumla District under Swachh Vidyalaya
Abhiyan. 125 toilets in 69 schools were constructed.

All welfare/ CSR activities are also uploaded in
Company web site.

Work undertaken as per issue raised(Road, electricity,
water availability, pond creation & cleaning etc) is
given in Annexure Il A

(Expenditure under CSR is given in CSR Booklet
enclosed as Annexure III)

XXVi

Details of transportation, CSR, R&R and implementation
| of environmental action plan for the clusters-II should be
| brought out in a booklet form within a year and regularly
| updated.

Booklet form is being maintained.
(Soft copy of booklet is enclosed as Annexure I11.) |
Environmental action plan is formulated and
implementation is initiated.
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XXViii

Mine discharge water shall be treated to meet standards
prescribed standards before discharge into natural water
courses/agriculture. The quality of the water discharged
shall be monitored at the outlet points and proper records
maintained thereof and uploaded regularly on the

company website.

i No groundwater shall be used for the mining activities.
Additional water required, if any, shall be met from
mine water or by recycling/reuse of the water from the
existing activities and from rainwater harvesting
measures. The project authorities shall meet water
requirement of nearby village(s) in case the village
wells go dry to dewatering of mine.

Mine discharge water is being allowed to settle down |

in the mine sumps and is being used for domestic
purpose after treatment through Pressure Filter. ‘
Regular monitoring of Water Quality Parameters is
being carried out by CMPDIL and reports are being
uploaded regularly on company website.

Max. value of parameters of mine discharge is given
in the table below: _

Total Suspended Solids | 42 |

pH | 7.93
Oil & Grease [ <2 .
CoD |36 |

(Soft copy of monitoring report is enclosed as
Annexure IV) |
It is being complied and mine water is being used for
the industrial purpose. Further mine water after
treatment is also utilized for the community and
irrigation purposes.
Following action has been taken by the Company:

I. Utilization of surplus mine water for

irrigation, pisciculture purpose.

|

pisciculture.

The void shall be converted into a water reservoir of a
maximum depth of 15-20 m and shall be gently sloped
and the upper benches of the reservoir shall be stabilized
with plantation and the periphery of the reservoir fenced.
The abandoned pits and voids should be backfilled with
OB and reclaimed with plantation and or may be used for

The void will be converted into the water body as
specified in EMP at the end of the mining.

! (August), post-monsoon

(January) seasons and for quality including Arsenic and
Fluoride during the month of May. Data thus collected
shall be submitted to the Ministry of Environment &
| Forest and to the Central Pollution Control Board/SPCB
quarterly within one month of monitoring. Rainwater
harvesting measures shall be undertaken in case

monitoring of water table indicates a declining trend.

Regular monitoring of groundwater level and quality of
the study area shall be carried out by establishing a
network of existing wells and construction of new
piezometers. The monitoring for quantity shall be dome
four times a year in pre-monsoon (May), monsoon
(November) and winter

Groundwater level and quality is being regularly

monitored by CMPDIL.

Water level monitoring at 5 hydrograph stations has

been done in the months of May’22, August’22 &

November22 & Jan’23 and the Ground water level

data is enclosed in the table below:

| Location Water level (bgl in meters)
Well

No No. May | Aug | Nov | Jan

: 22 22 22 | 723

1 B-1 Muraidih 2,10 | 1.65 | 1.81 | 2.73

2 B-59 | Khodovaly | 450 | 0.44 | 1.14 | 1.04

3 B-60 | Bahiyardih | 10.5 | 1.08 | 5.80 | 9.38

3

4 B- Kesargora | 1.20 | 0.52 | 0.97 | Abn
61A :

5 B- Sadiyardih | 6.45 | 1.77 | 491 | 5.15 |
62A I

Average WL (bgl) 4.96 | 1.09 | 293 | 4.58 |

(Soft copy of report is enclosed as Annexure II)

| Xxxi

ETP shall also be provided for workshop, and CHP, if
any. Effluents shall be treated to confirm to prescribe
| standards in case discharge into the natural water course.

Oil & grease Trap for workshop is provided




XXXiii

€

The location of ;mnitoring stations in the Jharia coalfield
should be finalized in consultation with Jharkhand State
Pollution Control Board.

The location of monitoring stations in the Jharia |
Coalfield has been finalized with the Jharkhand State
pollution Control Board.

For monitoring land use pattern and for post mining land
use, a time series of land use maps, based on satellite
imagery (on a scale of 1: 50000) of the core zone and
buffer zone, from the start of the project until end of mine
life shall be prepared once in 3 years (for any one
particular season which is consistent in the time series),
and the report submitted to MOEF and its Regional office
at Bhubaneswar.

XXXIV

A Final Mine Closure Plan along with details of Corpus
Fund shall be submitted to the Ministry of Environment
& Forests five year before mine closure for approval.
Habitat Restoration Plan of the mine area shall be carried
out using a mix of native species found in the original
ecosystem, which were conserved in-situ and ex-situ in

' an identified area within the lease for reintroduction in
 the mine during mine reclamation and at the post mining

stage for habitat restoration.

Presently a time series map of vegetation cover in the
Jharia Coal Field is being carried out through CMPDI,
Ranchi using satellite imagery for every 3 years &it
has been uploaded on the official website of company.
Also CIL issued a work order to CMPDI for
monitoring of land reclamation status of all the OC
coal mines having production capacity of more than
SMM3 /Annum(coal+ OB) regularly on annual basis
and for monitoring of less than 5 MM31 Annum at an
interval of 3 years. With a total leasehold area of
16.32 Km2, two projects,

Block-II and Muraidih were considered for land
reclamation monitoring based on satellite data during
2019-20. Total excavated area is only 5.77 Km2, of
which 0.85 Km2 area (14.73%) has been planted, 3.82
Km2 area (66.20%) is under backfilling and 1.10
Km2 area (19.06%) is under active mining. It is
evident

from the analysis that 80.94% of total area of the two
OC projects has come under reclamation and balance
19.06% area is under active mining. (Soft copy of
land reclamation report is enclosed as Annexure V)

BCCL is being depositing the amount in ESCROW
account as specified in the progressive mine closure
Plan.

A Final Mine Closure Plan along with details of
Corpus Fund will be submitted to the Ministry of
Environment & Forests five year before mine closure
for approval.

Native species (Sheesham, sirish, Arjuna, grass etc.)
are being used in mine reclamation.

(Details of amount deposited enclosed as Annexure
Vi)

XXXV

A separate management structure for implementing
environment policy and socio-economic issues and the
capacity building required in this regard.

A full-fledged Environment cell, with a suitable
qualified multidisciplinary team of executives has
been established. GM (Environment) at head quarter
level, co-ordinates with all the Areas and reports to
the Director (Technical) and in turn he reports to the

CMD of the company. '
Socio economic issues and capacity building are |
being evaluated by Tata Institute of Social Science. |
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(A) C Corporate Environment Respon'-‘.lhlhiy

~ a)The Company shall have a well laid down

Environment Policy approved by the Board of
Directors.

b)The Environment Policy shall prescribe for standard
operating process/procedures to bring into focus
any infringements/deviation/violation of the
environmental or forest norms/conditions.

¢) The hierarchical system or Administrative Order of
the company to deal with environmental issues
and for ensuring compliance with the
environmental clearance conditions shall be
furnished.
d)To have proper checks and balances, the company
} shall have a well laid down system of reporting of
non-compliances/violations of environmental
norms to the Board of Directors of the company
and/or shareholders or stakeholders at large.

|

A well-defined Corporate Environment Policy has
already been laid down and approved by the Board of
Directors. This is also posted on BCCL website.

Complied.
|

A hierarchical system of the company to deal with ‘
environmental issues from corporate level to mine
level already exists,

Being complied.

=@

General Conditions by MOEF:

No change in mining technology and scope of working
shall be made without prior approval of the Ministry of
Environment and Forests.

Mining is being done by shovel-dumper combination.

No change in the calendar plan of production for
quantum of mineral coal shall be made.

The coal production as planned is maintained to be
within approved limits.

Four ambient air quality monitoring stations shall be
established in the core zone as well as in the buffer zone
for PMio, PM: s, SO; and NOx monitoring. Location of
' the stations shall be decided based on the meteorological
| data, topographical features and environmentally and

ecologically sensitive targets in consultation with the
| State Pollution Control Board. Monitoring of heavy
' metals such as Hg, As, Ni, Cd, Cr, etc. carried out at least
! once in six months.

The location of monitoring stations in Jharia Coal
Field has been finalized in consultation with the
Jharkhand State Pollution Control Board. Ambient air
quality along with heavy metals such as Hg, As, Ni,
Cd, Cr, etc., is carried out at least once in six months
by CMPDIL.

(Soft copy of monitoring report is enclosed as
Annexure [V)

v

Data on ambient air quality (PMI10, PM s,
SO2 and NOx Hg, As, Ni, Cd,Cr and other
monitoring data shall be regularly submitted to the
| Ministry including its Regional Office at Bhubaneswar
and to the State Pollution Control Board and the
Central Pollution Control Board once in six months.
| Random verification of samples through analysis from
| independent laboratories recognized under the EPA
rules,1986 shall be furnished as part of compliance
| report.

Data on ambient air and other monitoring data
is being regularly submitted to the Ministry &
Pollution Control Board along with compliance
report.

(Soft copy of report is enclosed as Annexure V)

|Adequate measures shall be taken for control
of noise levels below 85 dBA in the work
environment. Workers engaged in blasting and
 drilling operations, operation of HEMM, etc. shall
I be provided with ear plugs/muffs.

Noise level varies from 47.5 dBA (Madhuband
UGP) to 60.8 dBA (Madhuband Washery) .
Regular maintenance of vehicles and other
machineries are being practiced for control of noise
level. '
Ear plugs/muffs are provided (250 Nos in 2020-21) |
to the persons engaged in blasting and drilling
operations, operation of HEMM, etc. .

(Soft copy of monitoring report is enclosed. as




| Industrial waste water (worl\qlmp and waste water from
the mine) shall be properly collected, treated so as to
conform to the standards prescribed under GSR 422 (E)
dated 19" May 1993 and 31" December 1993 or as
amended from time to time before discharge. Oil and
grease trap shall be installed before discharge of
workshop effluents.

| Annexure I\_f)

Oil and grease trap is installed for treatment of
Workshop effluents.

(Oil & Grease trap)

Excess mine water is being stored at old quarries and
ponds for community use. This will help to recharge
the ground water.

Vehicular emissions shall be kept under control and
regularly monitored. Vehicles used for transporting the
mineral shall be covered with tarpaulins and optimally
loaded.

Regular pollution under control check-up is being
done. Regular maintenance of vehicle is being
practiced to kept vehicular emission under control.
Coal is being transported in tarpaulin covered trucks.
(Pollution under control certificate of vehicles are '
enclosed as Annexure VII)

Monitoring of environmental quality parameters shall be
carried out through establishment of adequate number
and type of pollution monitoring and analysis equipment
in consultation with the State Pollution Control Board
and data got analyzed through a laboratory recognized
under EPA Rules, 1986.

It is being done by CMPDIL, Ranchi having NABL
accreditation.

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

aspects.

Dust masks are been provided to personnel working
in dusty areas.

Vocational training center under separate Human
Resource Development Dept. is conducting regular
training programme on these issues. More than 500
nos of employee got training at VTC Barora in FY
2022-23.

( Training list enclosed as Annexure VIII)

.Occupational health surveillance programme of the

workers shall be undertaken periodically to observe any
contractions due to exposure to dust and to take
corrective measures, if needed and records maintained

| thereof. The quality of environment due to outsourcing

Initial Medical Examination (IME) and Penodlcal
Medical Examination (PME) of all the personnel are
carried out as per the Statutes and Director General of
Mines Safety (DGMS) guideline.




T and the health and safety issues of the outsourced | Medical examination of outsourcing Manpower is

| Xi

—

X1

manpower should be addressed by the company while

| __pl!!soyrc_i_ng-

A separate environmental management cell with suitable

qualified personnel shall be set up under the control of a |

- Senior Executive, who will report directly to the Head of
the company.

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

also being done

A full-fledged Environment cell. with a suitable
qualified multidisciplinary team of executives has
been established. GM (Environment) at head quarter
level. co-ordinates with all the Areas and reports to
the Director (Technical) and in turn he reports to the
CMD of the company.

Socio economic issues and capacity building are
being evaluated by Tata Institute of Social Science.
Separate head “plantation” & “environment” is there
for recurring expenditure and used for eco-
restoration, environmental ~protection ~measures,
statutory payments etc. In 2022-23 approx. Rs.2.5
crore expenditure incurred on plantation, eco-
restoration, water sprinkling & environmental
monitoring.

(Including the cost of manpower & Diesel consumed
in water spraying tanker)

—

Xiii

The project authorities shall advertise at least in two local
newspapers widely circulated around the project, one of
which shall be in the vernacular language of the locality
concerned within seven days of the clearance letter
informing that the project has been accorded
environmental clearance and a copy of the clearance
letter is available with the State Pollution control Board
and may also be seen at the website of the ministry of
Environment & Forests at http://envfor.nic.in.

It has been complied. Advertisement in local

newspaper has been given.
p e —

X1V

A copy of the environmental clearance letter shall be
marked to concern Panchayat/ZilaParishad, Municipal
corporation or Urban local body and local NGO, if any,
from whom any suggestion /representation has been
received while processing the proposal. A copy of the
clearance letter shall also be displayed on company’s
website.

Being complied. Clearance letter has been displayed
on Company web site.
Also Clearance letter has been sent to Mukhiya of
different Panchayat.
(Soft copy of letters are enclosed as Annexure 1X)

XV

A copy of the environmental clearance letter shall also be
displayed on the website of the concerned State Pollution
' Control Board. The EC letter shall also be displayed at
the Regional Office, District Industry Sector and
Collector’s Office/Tehsildar’s Office for 30 days.

(l:omplied.

| xvi

': The clearance letter shall be uploaded on the company’s

website. The compliance status of the stipulated
environmental clearance conditions shall also be
uploaded by the project authorities on their website and
updated at least once every six months so as to bring the
same in public domain.” The monitoring data of
environmental quality parameter (air, water, noise and
soil) and critical pollutant such as PMyq, PM; s, SO, and

NO, (ambient) and critical sectoral parameters shall also

Clearance letter has been displayed on Compémy web |
site and updated regularly. |
The monitoring: data of environmental quality |
parameter (air, water, noise and soil) and critical |
pollutant such as PMyo, PMy 5, SO; and NO,(ambient) |
and critical sectoral parameters is being displayed at |
the entrance of the project premises and Area office. |
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| mine office and in corporate office and on company's |
website,. l
The project proponent shall submit six monthly
compliance reports on status of compliance of the |
\ stipulated environmental clearance conditions (both in
| ‘ hard copy and in e-mail) to the respective Regional
| Office of the Ministry, respective Zonal Offices of CPCB |
|| and the SPCB.
'I—.\'\e'iii
|

XVii ‘

‘ The Regional Office of this Ministry located at

Bhubaneswar shall monitor compliance of the stipulated
" conditions. The Project authorities shall extend full
! ‘ cooperation to the office(s) of the Regional Office by
' . furnishing the requisite data/ information/monitoring
reports.

Being submitted.

Full cooperation will be extended from project end.

'xix | The Environmental statement for each financial year
" ending 31 March in For -V is mandated to be submitted
' by the project proponent for the concerned State
| Pollution Control Board as prescribed under the
\ Environment  (Protection) Rules,1986,as amended
' subsequently, shall also be uploaded on the company’s

website along with the status of compliance of EC
' conditions and shall be sent to the respective Regional
| Offices of the MoEF by E-mail

Being submitted on time.
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mining. The study reflects that, compared to 2017, the eastern flanks (Lodna and Tisra etc) show a
significant reduction in total fire area. The western flank (Block II and Shatabdi) and the northern flank
(Katras and Gaslitand) show isolated fire pockets in active mines as well as in OB dumps. The current total
fire area mapped is 1.8 sq.km. Apart from this, one distinctive area of land subsidence has been identified
using interferometric method. These are primarily caused by older or active underground mining in the
Moonidih Project. The coal mine fire and subsidence areas are further verified on the ground. The final
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EXECUTIVE SUMMARY

Coal fire is a serious problem in Jharia coal field, where high grade coals are
gradually burnt due to these fires. The combined effect of surface and sub-surface
fires and mining related subsidence has affected the environmental stability of Jharia
coal field. Coupled with the ecological changes instigated by open cast mining, the
landscape in and around Jharia have changed drastically over the years. In the present
study, delineation of coal fire and mining related land subsidence has been addressed.
Thermal band data of Landsat-8 (100m resolution) have been used to demarcate the
coal mine fire areas from non fire areas. For this study, Landsat-8 data of May, 2021
have been used. The band 10 (10.60-11.19 um) of Landsat-8 data are used to derive
the relative radiant temperature. Further ALOS-PALSAR 2, L band microwave data
have been used to delineate zone of probable land subsidence (using differential
interferometry) due to mining. The study reflects that, compared to 2017, the eastern
flanks (Lodna and Tisra etc) show a significant reduction in total fire area. The
western flank (Block II and Shatabdi) and the northern flank (Katras and Gaslitand)
show isolated fire pockets in active mines as well as in OB dumps. The current total
fire area mapped is 1.8 sq.km. Apart from this, one distinctive area of land subsidence
has been identified using interferometric method. These are primarily caused by older
or active underground mining in the Moonidih Project. The coal mine fire and
subsidence areas are further verified on the ground. The final coal mine fire and
subsidence maps of Jharia coal field are prepared by using remote sensing data

analysis with field validation.
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CHAPTER I

INTRODUCTION

Coal fire is a perennial problem in Jharia coal field (JCF) covering 447 sq. km. area in
the Dhanbad district of Jharkhand state. Subsurface and surface coal fires are a serious
problem in many coal-producing countries. The severity and extent of mine fires in
some of the Indian coalfields, particularly Jharia and Raniganj coalfields, are quite
alarming. Combustion can occur either within coal or in coal dumps on the surface.
Considerable economic loss and environmental problem arises due to the coal fire.
Coal fire burns valuable coal and also creates difficulties in mining by increasing the
cost of production or making existing operations difficult. Noxious gases like sulphur
dioxide, nitrogen oxide, carbon monoxide, carbon dioxides, which are the result of
coal burning processes, often affect the immediate surroundings of an active coal fire
area (Gangopadhyay, 2003). These greenhouse gases not only affect local atmosphere
but also play a crucial role in the damages, found associated with coal fire such as
land surface subsidence and surface cracking. Coal fires are caused by oxidation of
coal but the reaction involved in oxidation of coal is not understood till date. Broadly,
the potential for spontaneous combustion lies in its ability to react with oxygen at
ambient temperature. This occurs through the reaction of oxygen at the surface of the
coal resulting in an exothermic reaction. As a consequence, the temperature of coal
rises and if temperature reaches the threshold temperature, ranging between 80° to
120°C, a steady reaction starts, which produces carbon dioxide. Temperature keeps on
increasing once CO, started to form and at 2300°C, the exothermic reaction becomes
rapid. It is known that high grade coals (high carbon content) are more fire prone,
though the reason behind this is not well understood. Another important parameter,
which controls fire, is the size of the particles. Larger the effective area of coal (fire
particles), more rapidly the reaction proceeds. Cracks, fissures play a role like positive
catalysts to coal oxidation by slowly supplying oxygen / air through their conduits.
Coal mining in Jharia Coal Field (JCF) started way back in 1895. History of
fire in Jharia Coal Field date back to 1916 when the first incidence of fire was
reported from XIV seam of Bhowrah colliery. JCF was nationalised in 1972 and over
the decades, the fire has spread or been contained but never extinguished. The

combination of underground fire and subsidence have affected vast areas of JCF.
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1.1 Background

Remote sensing technique in thermal band offers a cost-effective and time-
saving technology for mapping various geoenvironmental / hazardous features such as
coal fires, forest fires, oil well fires, volcanic eruptions etc. NRSC has carried out coal
fire mapping projects in the past; conducting an airborne campaign in 1989 and using
Landsat-5 TM data in 1995 (Bhattacharya et. al, 1995), over Jharia coalfield,
Jharkhand and using Landsat-5 TM data for 2001 over Raniganj coalfield, West
Bengal. Further, projects were executed in 2006 and 2012 in which coal fires of the
JCF were mapped using Landsat-7 ETM+ and ASTER data, respectively.
Additionally, a R&D study was taken up in 2013 to delineate subsidence areas using
differential interferomteric (DInSAR) technique. An operational fire and subsidence
mapping activity was taken up in 2017. In view of the past experiences, based on the
letter (Ref. no. MP/19/270) from General manager (JMP), BCCL addressed to
Director, NRSC on 24-10-2019, a project was formulated to take up Coal fire and
Land Subsidence study of the Jharia Coal Field using space-borne remote sensing
technique. The formal Memorandum of Understanding between BCCL and NRSC
was signed on 7™ August, 2020.

1.2 Objectives

The following objectives are formulated on the basis of the above mentioned
background:
. To map Coal fire in the study area based on pixel integrated relative radiant
temperature derived from latest available Landsat-8 data of 2020 time period.
II. To compare the change in the coal fire distribution in the Jharia coalfield
between the period of 2017 and 2020.
III.  To delineate probable subsidence areas in the region using differential

interferometry method.
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1.3 Study Area

Jharia Coalfield is located in the Dhanbad district of Jharkhand state (Figure 1) and it
is named after the main coal mining town of Jharia. It is situated in the Damodar
River valley and is about 250 km NW of Kolkata.
approximately within latitudes 23° 42’ N and 23° 50’N and longitudes 86° 09’E and
86° 30’E.

The coalfield is contained
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Figure 1: Study area map of Jharia Coalfied, Jharkhand
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CHAPTER 11
GENERAL DESCRIPTION OF THE STUDY AREA

2.1 Location and Accessibility

Jharia is an old mining town in the Dhanbad district of Jharkhand. This town is
famous for its surrounding mines producing high grade coal and supplying mainly to
the neighbouring industrial areas. Jharia is approximately 6 km in south western
direction from Dhanbad town and connected by metal road. Dhanbad is well

connected to Kolkata by road and rail.

2.2 Physiography, Drainage and Climate

Jharia coalfield is characterised by undulatory topography with very low rolling slope
towards the eastern part of the area. The average height of the area is around 200
meters above the mean sea level. Damodar is the major river in the study area. The
other tributaries to the Damodar River in this area are Jamuniya Nadi, Khudia Nadi,
Khatri Nadi, Jarian Nala, Kari Jora and Domohani Nadi. Damodar River flows from
west to east in this area. The minimum temperature is ~10° C in the month of
December — January and maximum temperature is ~50° C in the month of May —

June.

2.3 General Geology

Gondwana Super Groups of rocks of Up. Carboniferous to Lr. Cretaceous age (i.e.
from 320 MY to 98 MY) are exposed here. Gondwana Super Group rocks
unconformably overlie Archaean rocks. In Gondwana Rocks, Raniganj and Barakar
Formations of Permian age have more potential as far as the coal production is
concerned. Barakar Formation is exposed in north and north eastern part of the basin
(Figure 2). Most of the coal mines are confined to the Barakar Formation in JCF.
Barakars consists of coarse, medium grey and white sandstones, shales and coal
seams. Raniganj consists of grey and greenish soft feldspathic sandstones, shales and
coal seams. Faults are prevalent in this portion of basins (Figure 2). NW trending
faults are conspicuous north to Jharia. Many lamprophyre and dolerite dykes are also
exposed in this area in a criss-cross manner. The Raniganj Formation though coal

bearing, has suffered much deformation due to faulting, thus causing difficulty for

4
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mining in the area. The generalised stratigraphy of JCF is mentioned below (after

Saraf, et al., 1995).

and Greenish shales below

FORMATION LITHOLOGY MAXIMUM
THICKNESS
Red and Grey sandstones
Supra Panchet 300m
and shales
Micaceous Yellow and
Panchet Grey sandstones, Red and 600m
Greenish shales
Grey and Greenish soft
Raniganj feldspathic sandstones, 1050m
shales and coal seams
Dark carbonaceous shales
Ironstone Shales 360m
with ironstone bands
Coarse and medium Grey
Barakar and white  sandstones, 630m
shales and coal seams
Coarse sandstones above
Talchir Boulder Bed 300m

Table 1: Generalised stratigraphy of JCF.
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Figure 2 : Geological map of Jharia coal field, Dhanbad, Jharkhand (published by CMPDIL)
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DATA REQUIREMENTS

3.1 Remote Sensing Data

CHAPTER II1

Coal fire map was created from LANDSAT 8 TIRS data of 22 May 2020. Further, the
coal fire map of 2017 prepared by NRSC (NRSC, 2017) from LANDSAT 8 data (of

14 May 2017), was used as a reference to identify the changes that has occurred in the

extent and disposition of the fires from 2017 to 2020.

For the land subsidence study, L-band microwave data from ALOS-PALSAR

satellite (JAXA) were used. Five scenes of "Fine Beam mode" SLC data were taken

from PALSAR-2 archives over a period from September, 2017 to February, 2020.

This was done to identify long term terrain changes and differentiate the same from

short term changes due to mining excavations and overburden dumping.

Table 2: List of satellite data used in the present study.

Satellite Sensor Resolution | Time Date Data
source
LANDSAT-8 | TIRS 100m Daytime | 22 May 2020 USGS,
resampled USA
to 30m
30 September 2017 | JAXA,
PALSAR-2 3 March 2018 Japan
ALOS (Fine Beam 10 m NA 19 January 2019
mode) 02 March, 2019
29 February. 2020
3.2 Ancillary data

1. Geological map of Jharia coal field.

2. Mine surface plans as provided by BCCL.
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CHAPTER IV
REMOTE SENSING DATA ANALYSIS

4.1 Methodology

4.1.1 Processing of Landsat 8 Data

With the launch of the LANDSAT-8 mission in February, 2013; thermal space borne
data are available from its thermal infrared sensor (TIRS). This has enabled
monitoring of the earth with a spatial resolution of 100 m in the thermal domain with
a repeat cycle of 16 days. The LANDSAT-8 has two channels (Band 10 and Band 11)
in the thermal infrared region (Table 1) which ranges from 10.4 micrometer to 12.5
micrometer (Gangopadhyay et al. 2012). In present study, band 10 of TIRS sensor
(acquired on 22 May, 2020) has been used coal fire mapping. The spectral domain of
the band is known for its maximum transmittance (Chatterjee et al. 2007; Martha et al.
2010). The data are freely accessible through USGS portal (Landsat 8 download
source: http://landsatlook.usgs.gov).

Landsat-8 data are available in GeoTiff format and the data are converted to
top of the atmosphere spectral radiance using the radiance rescaling factors provided
in the metadata file, using equation 1.

Ly =M1 Qca+ AL ........ (1)
Where:
L, = Spectral radiance (Watts/ (m” * srad * pm)).
M. = Band-specific multiplicative rescaling factor from the metadata.
AL = Band-specific additive rescaling factor from the metadata.

Qcal = Quantized and calibrated standard product pixel values (DN).

Once the spectral radiance (L) for Landsat-8 band 10 data is generated, it is possible
to calculate radiant (brightness) temperature directly using equation 2. Planck's
radiation function (Planck, 1914) forms the basis of radiant temperature derivation
from spectral radiances and the theory is discussed in detail in existing literature
(Gupta, 2003).

Tr =Ky /In ((K; /L) +1)........ 2)
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Tr = Radiant (brightness) temperature,
K, = Calibration constant (1260.56 K),
K, = Calibration constant (666.09 watts/ (m2 *srad*pum)),

L, = Spectral radiance

4.1.2 Thresholding of radiant temperature image

Once the Landsat-8 data are converted to radiant temperature image, the next
step was to segregate fire pixels from the background, which requires the estimation
of the cut-off temperature. This has been attempted by the statistical analysis of sensor
derived radiant temperature to delineate clusters (in the scatter-plot) indicative for fire
and non-fire pixels. Mean and maximum radiant temperatures are derived from
randomly sampled uniform sized pixel blocks distributed in entire spatial extent of
Barakar Formation (Figure 3) known for fire bearing coal seams. The pixel block
sizes are chosen to adequately represent the overall areal extent of the coalfield and
homogeneously encompass all the mining blocks (27x27 pixels for Landsat-8, Figure
3). The maximum temperature value recorded in each representative area, derived
from each of the datasets, is plotted against the mean temperature. The maximum
temperature represents that of fire (wherever present), whereas the mean temperature
represents the average background temperature, for normalization. The fire and
background populations show considerable variance, separating coal fire and
background radiant temperatures. The cut-off temperature derived is the maximum
temperature of the background cluster, above which all temperatures represent coal
fires. In the case of the Landsat-8 data used in this study, the cut-off temperature was
determined around 36.5°C (Figure 4). Based on this cut-offs, regional coal fire map

was prepared (Figure 5).
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Figure 3. False colour composite image of Jharia Coalfield, with subset blocks (in red
boxes) to obtain temperature values (from radiant temperature image) within the

Barakar formation across the Jharia coalfield.
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Figure 5: Coal mine fire map (May, 2020) of Jharia coal field, Dhanbad. The fire

areas shown in this map have been verified in the field as per field points in figure 12.
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4.2 Methodology For Subsidence Detection

4.2.1 Processing of ALOS-PALSAR 2 Data

Differential Interferometric SAR (DInSAR) techniques consist of combination of two

SAR images of the same area acquired from slightly different positions (Figure 6).

Figure 6. DInSAR acquisition scheme.

The result of this combination provides a new image, known as 'interferogram’,
whose phase component is formed by the following term:

A®Int = ®Topo + ®Mov + OAtm + ONoise 3)

where, ®Topo denotes the topographic component, ®Mov denotes the terrain
deformation/ displacement component, ®Atm is the noise component and ®Noise is

the thermal noise.
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Topography, atmospheric effects and thermal noise needs to be removed or optimized
to obtain precise measurements of terrain movement. When working with classical
DInSAR interferograms (combination of two SAR images) the main problem is the
presence of atmospheric artefacts, since there is no way to cancel them without a
priori information. On the other hand, the term related with topography can be
cancelled out using and external Digital Elevation Model (DEM) and the orbital
ephemeris from the SAR acquisitions, considering no height errors on the DEM.
A®dif = OFrrorTopo + ®Mov + ®Atm + ONoise 4

Since the coal mine area is very dynamic in terms of its surfacial changes (open cast
mine, abandoned mine, fire affected waste/reclaimed land, over burden dumps) over
time, it is proposed to utilize an advanced DInSAR technique. It is a recent
remarkable improvements in SAR differential interferometry that has led to an
innovative approach based on the use of a large dataset of SAR images over the same
area to overcome the intrinsic limitations of conventional DInSAR in terms of
temporal and geometrical decorrelation as well as atmospheric disturbances (Carnec
et al., 1996; Biirgmann et al., 2000).

Broad work flow diagram for generating land subsidence map using satellite based

DInSAR technique is shown in Figure 7.

Ancillary data
(mine surface
plans)

Interferometric
SAR
dataset

DInSAR
processing
\ 4
SRTM Subsidence zones
DEM | 1 delineation

v l

Mining features delineation Land Subsidence Map
GIS format

A 4

Figure 7. Work flow diagram for generating land subsidence map using DInSAR

technique.

13



NRSC/RSAA/GSG/BCCL/Project Report/AUG2021

In the present study, 5 sets of ALOS-PALSAR L-band microwave data (as mentioned
in table 1) were procured. The datasets were paired into master-slave pairs as per
short and long temporal baselines. The short temporal base lines include master slave
pairs of time difference of six months to one year, whereas long temporal baselines
include data pairs of time difference of ~ one year.

This has been illustrated in figure 8.

SLAVE IMAGE
30 September 2017 |03 March 2018 |19 January 2019 02 March 2019 |29 February 2020
o} 30 September 2017
< |03 March 2018
« 19 January 2019
5 02 March 2019
= 29 February 2020

Short Temporal Baseline Pair (less than 1 year)
| Long Temporal Baseline Pair (~ 1 year)

Figure 8. ALOS-PALSAR - 2 Master-Slave pairs for short and long temporal base

line processing
The interferometric fringes generating from short baseline pairs will generally
indicate terrain changes due to mining activity happening over a short period of time.
This will include mining excavations and creation of new OB dumps adjacent to the
mining area. Any incidences of slow land subsidence will not be demarcated in the

results (figure 9).

Figure 9. Fringe patterns generated from short baseline processing (e.g. Master: Oct,

19, Slave: Feb, 20).
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On the other hand, master-slave pairs of long temporal baseline (approximately one

year as shown in figure 8) will incorporate terrain changes due to mining activities as

well, as long term ground subsidence from underground mining where ever present

(figure10)

Figure 10. Fringe patterns generated from long baseline processing (e.g. Master: Sept,
17, Slave: Feb, 2020).
The results from the long and short baseline processing can be compared and zone
where fringes have been developed due to terrain changes due to mining excavation
and dumping, can be systematically identified and demarcated. The remaining fringes
from the long temporal baseline processing will then indicated towards zones where
subsidence has taken place due to underground mining. Using this, a subsidence map
of the Jharia Coalfield was generated due to mining activities and subsidence areas

(Figure 11).
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Figure 11: Subsidence map (2017-2020) of the Jharia coal field, Dhanbad.
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CHAPTER 'V
FIELD WORK

A field work for verification of the coal fire locations and the subsidence zones as
identified by the satellite data were taken up during 2" to 8™ August, 2021. Both the
coal fire and the subsidence locations were further independently verified by NRSC
during the fieldwork. A total of 39 coal fire points and 13 land subsidence locations
were identified from the satellite data analysis (figure 12). All 39 points were
confirmed to be fire bearing as per the present status of fire in Jharia coalfield. The

field observations of coal fire at each location are provided in table 3.
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Figure 12. Field data points for coal fire and subsidence verification
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Table 3: Summary of field observations (refer figure 12)

Field observation Point Mine Status of Fire (comments)*
1 Keshalpur Active mine fire
2 Keshalpur Active mine fire
3 W. Mudidih Active mine fire
4 W. Mudidih Active mine fire
5 Sendra Bansjora Active mine fire
6 Tetulmari Active mine fire
7 Sendra Bansjora Active mine fire
8 Shatabdhi Old Fire patch (minor fires)
9 Sendra Bansjora Active mine fire
10 Sendra Bansjora OB dump fire
11 Katras-Chotudih Active mine fire (Confirmed by BCCL)
12 Gaslitand Active mine fire
13 Katras-Chotudih Active mine fire (Confirmed by BCCL)
14 Mudidih Active mine fire
15 Godhar Active mine fire
16 Benedih OCP Active mine fire
17 Kankanee Active mine fire
18 Block IT OCP Active mine fire
19 Kusunda Active mine fire
20 Godhar Active mine fire (High Risk)
21 Block II OCP Active mine fire
22 Kusunda Active mine fire
23 Kusunda Active mine fire
24 Alkusha Active mine fire
25 Kusunda Active mine fire
26 Kusunda Active mine fire
27 Ena OB dump fire (small pockets of active mine fire)
28 R -OCP Active mine fire
29 Goonhodih Abandoned mine Fire(Fire cutting planned)
30 NT-ST OB dump fire (small pockets)
31 NT-ST Active mine fire (Ongoing mitigation measures)
32 NT-ST Active mine fire (Ongoing mitigation measures)
33 NT-ST Active mine fire (Ongoing mitigation measures)
34 NT-ST Active mine fire (Ongoing mitigation measures)
35 Jayrampur Abandoned mine Fire
36 Bhulanbarari OB dump fire
37 Bhaura OB dump fire (small pockets of active mine fire)
38 Bhaura OB dump fire (small pockets of active mine fire)
39 Bhaura OB dump fire (small pockets of active mine fire)

* Fire Temperature reading from hand held IR thermometer were seen to be inconsistent due to rains

and wet ground condition and hence are not reported.
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Subsidence location observations:

1.

Subsidence locations as identified by the data are difficult to verify in the
field, unless there are tell-tale signatures like large cracks or fissures on the
ground or damage to anthropogenic constructions like vertical cracks on
building cracks etc.

Out of the 13 identified subsidence locations from the microwave data, the
main area where subsidence is occurring in a pervasive scale is that in the
Moonidih Underground Project. The Moonidih Project is an underground long
wall mine where excavations are going on for over decades. This may have
resulted in pervasive subsidence in the region. The signatures of subsidence
such as sagged ground are observed in the area.

Three other minor subsidence areas are identified within the South Govindpur,
Bhagaband and Bagdigi mines, where old underground workings are present.
However, there was no clear evidence of subsidence from the field based
observations.

The 9 other locations where subsidence is seen from microwave data, falls
within the mining lease of TISCO and IISCO, hence are not under the purview

of BCCL mining authorities.
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DISCUSSIONS AND CONCLUSIONS CHAPTER VIl

7.1 Discussions

7.1.1 Coal fire analysis

The present study is aimed to provide the status of coal fire in the Jharia coal field for
the period of 2020. Landsat-8 data of 22 May, 2020 was used to prepare the coal mine
fire map (Figure 5) for the year 2020. The data have 100 m spatial resolution in the
thermal bands and is as on study date, the best thermal satellite data available. The
Coal fire maps of 2020 when compared to map of 2017 (NRSC, 2017) depicts the
dynamics of coal fire. Coal fire is difficult to mitigate because of its dynamic nature.
But the understanding the trend in the shift of coal fire zones and over all distribution
of coal fire will help in environmental and risk management related to coal mining
activities.

The coal mine fire map for the year 2020 (Figure 5) illustrates the overall fire
distribution in the area. The maps reveal that the coal fires are distributed across the
Jharia coal field in pockets associated with major open cast mining activities. All most
all the coal mine fires are restricted to the Barakar Formation where coal seams are
exposed. In the eastern flank of the arcuate shaped mining extent, the collieries in
Tisra (North and South) and Bhaura, Bhulanbarari and R-OCP are affected by
multiple small fire pockets. In Bhaura, the fire is seen mostly in OB dumps with
minor presence of active mine fires. Similarly in Bhulanbarari, fire is seen in the OB
dump only. The North and South Tisra mines have visible presence of fire, mostly
manifested by high temperature fume cracks. Active fires are also seen in the R-OCP.
Further, towards the north east, in Ena, Alkusha and Kusunda active fires are more
prevalent and the area is extensively affected. The highest radiant temperatures (in
order of ~50°C) are recorded by the satellite sensors in these areas. In the north, a
large number of moderate to small fire pockets are seen in the areas around the related
to the mining areas of Katras, Gaslitand, Mudidih and Sendra Bansjora. In the western
flank, three distinguishable fire affected zones are seen. Toward the western end of
the mining area, the Benedih and Block II OCP are affected by smaller fires from

isolated coal seams. An older fire patch is also seen in the Shatabdi mine.
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Comparison of the 2020 coal fire map with that of 2017 (NRSC, 2017)
indicated the dynamism in the spatial extent and distribution of the coal fires. The
changes are highlighted as follows:

i. In reference to the map generated in 2017, the 2020 map shows that the
significant decrease of fires in the eastern flank, namely Bhaura, Tisra (North and
Soth), Lodna and R-OCP etc. Similar decrease is also observed in Bastacolla and
Bhulanbarari.

ii. The areal extent of major fire zone around Kusunda and Ena also appears to have
decreased with change in the spatial location of the anomalies. This is probably
due to the mitigation and active fire mining in this region.

iii. The fire zones in Benedih/Block II OCP and Shatabdi OCP have also
changed/diminished in areal extent with presence of isolated smaller anomalies.

iv. The spatial disposition of fire areas around Katras, Keshalpur, Gaslitand and
Mudidih show minor increase. The fire pockets observed in 2017, have given

away to a few fire zones of moderate disposition.

In summary, there is a change in the areal disposition of the fires from 2017 to 2020.
Satellite and field observations both suggest that there has been an overall decrease in
the extent of fire in the JCF. A quantitative comparison of the 2017 and 2020 data was
carried out. As compared 2017, when the total fire affected extent of the JCF was
about 3.28 kmz; in 2020 total fire affected extent is about 1.89 km’ (including TISCO
mines).Within the mining lease of BCCL (excluding TISCO) in comparison 2017,
when the total fire affected extent of the JCF was about 3.27 kmz; in 2020 total fire
affected extent is about 1.86 km”. The colliery wise break-up of change in fire area
from 2017 to 2020 is given in Annexure-I. Herein, it should be noted that the

minimum mapable unit from satellite image it 30m by 30m or 0.0009 km®.

7.1.2 Subsidence analysis

An attempt to identify subsidence zones in the Jharia Coalfield was also carried out
using ALOS-PALSAR-2 L band microwave data using differential interferometric
technique. 5 scenes of PALSAR-2 data spanning over a period of 2017 to 2020 were
used to delineate the subsidence if any in the region and separately identify them from

the terrain changes due to mining. Verification of the subsidence zones as seen from
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data is difficult as it requires visible signatures of subsidence in the form of cracks on
the ground and damage to anthropogenic structures. In this study, data analysis and
consequent field verification resulted in identification is 4 subsidence areas, within the
BCCL mine boundary. Of these, the major area where considerable ground
subsidence is occurring is the Moonidih UG project. Long term underground mining
has resulted in continuous subsidence in the area. Apart from this, the other three
areas are south of South Govindpur, Bagdigi and Bhagaband mines, however, the
field evidences of the same are not conclusive. No quantitative estimates of the

subsidence have been carried out in the study.

7.2 Conclusions
The following conclusions can be made:

1. As of the date of study in the year 2020 and in comparison with the previous study
done in 2017, there has been a change in areal extent and disposition of the fire
affected areas. On the other hand, persistent subsidence is seen in the Moonidih area
due to underground mining activities.

2. Compared to 2012, the eastern flanks (Lodna, Tisra, Bhulanbarai areas) show
considerable decrease in fire disposition and the western flank (Shatabdi and Block 11
area) show diminished fire presence.

3. The fires are continuation of existing fire affected areas as seen in the 2017 study.

4. The mines in Kusunda remain to be the worst affected with maximum presence of
active fires.

5. There is a decrease in areal extent of the fire from 2017 to 2020. As compared
2017, when the total fire affected extent of the JCF was about 3.28 kmz; in 2020 total
fire affected extent is about 1.89 km® (including TISCO mines). Within the mining
lease of BCCL (excluding TISCO) in comparison 2017, when the total fire affected
extent of the JCF was about 3.27 km?; in 2020 total fire affected extent is about 1.86
km?.

Note: The minimum mapable unit from satellite image it 30m by 30m or 0.0009 knr.
Estimations of fire extent (in terms of sq.km.) both in 2017 and in the present 2020 study are
pixel based. They may differ from the actual ground area under fire. These estimations are
made for comparative purpose only, to indicate the increase or decrease of areal disposition

of fire. Hence, they should not be quoted as fire area on the ground.
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CHAPTER VIII
LIMITATIONS

Delineation and mapping of coal fire from thermal data of remote sensing platforms
carries with it some inherent limitations which needs to be understood in order to
decipher the results obtained from it. This will assist is deducing the correct
information and remove any ambiguity associated with the results. The key

limitations of the data and the results obtained are as follows:

1) An anomalous pixel from LANDSAT data represents an area of 30m x 30m
(resampled from spatial resolution of 100m) on the ground whose temperature is
considerably higher than its surroundings. This can be attributed to two
circumstances, namely the area has a very high intensity fire located within a smaller
pocket or there are a number of low intensity fires spread across it. In both the
mentioned cases the actual areal extent of the fire on the surface differs, but appears
as a single anomalous pixel in the data. Hence, representation of fire affected ground
area by means of pixel area is ambiguous and hence should be considered with
caution.

2) There are locations as observed during the fieldwork, where coal seams are
affected by active fires along vertical/semi-vertical sections of open cast mines (see
cover page). In such cases, the actual areal expression of the fire affected area as seen
by the sensor changes considerably and the representation from the same is not
accurate.

3) As discussed in section 4.1.2, thresholding the data to separate the fires from the
non fire areas, is a statistical technique. However, this method is dependent on how
the temperature of non-fire background area is distinctive from the fire temperature.

4) The background temperatures vary with the time of the day when the data are
collected, topography, and season of the year when the data is acquired. Night-time
data has lower background temperature as compared to day-time. Similarly a data
collected in October-November will have a considerably lower background
temperature than that collected in May-June due to seasonal temperature variations.

Hence, identification of the background temperature range becomes essential in
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estimation of threshold temperature and the same varies depending upon the discussed
controlling factors.

6) Due to the mitigation measures taking place in various mines, it is seen that in a
number of places the fire affected seam is excavated and dumped as overburden.
However, these overburden dumps retains the excavated burning coals and thus are
seen to have active fires occasionally. There lies a possibility that the same will be
identified as anomalous pixels and hence, although the fire is not a part of any active
coal seam, it will be included as a fire affected area in the final map.

7) Considering the precision of DInSAR data for different wavelengths, topographic
and atmospheric errors, slow subsidence rates may not be detected. Further, the
displacement measured is along the line of sight of the sensor and not vertical
displacement.

8) Temporal decorrelation and noise due to adverse land use and land cover may
affect DInSAR based detection and monitoring of land subsidence. Changes
vegetation pattern over time can cause significant decorrelation between the master
and slave image, thus producing a very low coherent output. Under such conditions,
subsidence information may not be retrieved

9) Verification of the subsidence zones as detected from the interferometric technique
is sometimes difficult due to lack in observable signatures of subsidence such as

cracks on the ground and damage to anthropogenic structures.

Therefore, in quantitative estimation of fire affected areas and areas denoted as
subsidence, the above mentioned limitations needs to be taken into account diligently,
as it is inevitable that the area estimate will not define the actual fire/subsidence
affected area on the ground. However, the areal extent estimated from the data can be
"like to like" compared to earlier estimates of similar studies to understand the change

and dynamism of the fire in terms of area affected and spatial disposition.
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Colliery wise break-up of change in fire area from 2017 to 2020

Annexure -1

COLLI\IIE;];/}(EAREA ;T(I)i{;E(SA(l){EA E(I);{(F (SA(I;.EA éll-{IFAI;GE (SQ. Increase/Decrease
KM.) KM.) KM.)
BENEDIH OCP 0.045 0.020 -0.026 | DECREASE
BLOCK-II OCP 0.135 0.034 -0.101 | DECREASE
MURAIDIH OCP 0.002 0.006 0.004 | INCREASE
SHATABDI OCP 0.036 0.005 -0.031 | DECREASE
PHULARITAND 0.021 0.000 -0.021 | DECREASE
KATRAS-CHOITUDIH 0.137 0214 0.077 | INCREASE
KESHALPUR 0.001 0.134 0.132 | INCREASE
BASURIA 0.000 0.012 0.012 | INCREASE
TETULMARI 0.022 0.011 -0.011 | DECREASE
GODHAR 0.000 0.132 0.132 | INCREASE
INDUSTRY 0.051 0.000 -0.051 | DECREASE
KUSUNDA 0.740 0.399 -0.340 | DECREASE
SENDRA-BANSJORA 0.027 0.110 0.083 | INCREASE
BASTACOLLA 0.081 0.000 -0.081 | DECREASE
GOLUCKDIH 0.112 0.000 -0.112 | DECREASE
KUJAMA 0.240 0.000 -0.240 | DECREASE
S. JHARIA-R. OCP 0.112 0.010 -0.102 | DECREASE
GONHOODIH 0.032 0.001 -0.031 | DECREASE
ENA 0.043 0.004 -0.040 | DECREASE
N. TISRA 0.180 0.031 -0.149 | DECREASE
LODNA 0.353 0.000 -0.353 | DECREASE
S. TISRA 0.102 0.021 -0.081 | DECREASE
BARAREE 0.107 0.040 -0.068 | DECREASE
KENDUADIH 0.000 0.001 0.001 | INCREASE
GASLITAND 0.122 0.156 0.034 | INCREASE
KANKANEE 0.052 0.057 0.004 | INCREASE
MUDIDIH 0.110 0.220 0.110 | INCREASE
LOYABAD 0.006 0.000 0.079 | DECREASE
E.BHUGGATDIH 0.021 0.020 -0.001 | DECREASE
ALKUSHA 0.029 0.046 0.016 | INCREASE
KUSTORE 0.046 0.014 -0.032 | DECREASE
ANGARAPATRA 0.015 0.036 0.021 | INCREASE
BHOWRAH. N 0.098 0.006 -0.092 | DECREASE
BAGDIGI 0.021 0.000 -0.021 | DECREASE
JEALGORA 0.007 0.000 -0.007 | DECREASE
JEENAGORA 0.047 0.000 -0.047 | DECREASE
JOYRAMPUR 0.104 0.011 -0.093 | DECREASE
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TOTAL AREA 3.3 1.8 1.5 | DECREASE

Note:

1) The minimum mapable unit from satellite image it 30m by 30m or 0.0009 km®

2) "INCREASE" implies, increase in fire area OR emergence of fire areas not identified in 2017 study

3) "DECREASE" implies, decrease in fire area OR fire areas in 2017 not identified in present study
(either absent or below sensor resolution)

4) Values marked in ''blue' are collieries where fire has was reported in 2017 study but presently shows
no such signatures.
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Annexure =11
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o

Figure 13: Active fires Keshalpur—est-Mudidih. (Po

ints 1, 2, 3 & 4 in figure 12)

Figure 14: Active fires in Sendra-Bansjora Mines (oints 5,6,7 &9 in figure 12)
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Figure 15: OB dump fires in Sendra Bansjora (Points 10 in figure 12)

Figure 16: Active fires in Godhar-Kusunda Mines (Points 20 to 24 in figure 12)
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Figure 18: Active fires in N-S Tisra mines (Points 31-33 in figure 12).
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Figure 19: Subsidence area in Bagdigi Mines

Figure 20: Subsidence (sag ponds) around Moonidih mine area
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Coordinates of Fire locations.

Annexure -I11

Mine UTM_X |UTM_Y Longitude Latitude
Keshalpur 430560.28 | 2633068.44 86.3183 23.8074
Keshalpur 430287.86 | 2632817.14 86.3156 23.8051
W. Mudidih 430935.00 | 2632710.00 86.3220 23.8042
W. Mudidih 431468.57 | 2632417.14 86.3273 23.8015
Kendra Bansjora 433626.56 | 2632140.94 86.3484 23.7991
Tetulmari 433245.00 | 2631915.00 86.3447 23.7971
Kendra Bansjora 433899.00 | 2631765.00 86.3511 23.7958
Shatabdhi 422415.00 | 2631645.00 86.2384 23.7942
Kendra Bansjora 433383.75 | 2631563.75 86.3461 23.7939
Kendra Bansjora 435666.92 | 2631113.08 86.3685 23.7899
Katras-Chotudih 427797.06 | 2630997.35 86.2913 23.7886
Gaslitand 430270.06 | 2630936.18 86.3156 23.7881
Katras-Chotudih 429170.29 | 2630763.09 86.3048 23.7865
Mudidih 432313.36 | 2630596.98 86.3356 23.7851
Godhar 438450.00 | 2630085.00 86.3959 23.7808
Benedih OCP 419198.18 | 2630070.00 86.2069 23.7798
Kankanee 433072.50 | 2629995.00 86.3431 23.7797
Block II OCP 419491.36 | 2629772.73 86.2098 23.7771
Kusunda 438532.86 | 2629547.14 86.3967 23.7759
Godhar 438187.50 | 2630145.00 86.3933 23.7813
Block I OCP 418545.00 | 2629200.00 86.2006 23.7719
Kusunda 437910.00 | 2629005.00 86.3906 23.7710
Kusunda 438335.37 | 2629195.97 86.3948 23.7727
Alkusha 437452.80 | 2629068.00 86.3861 23.7715
Kusunda 438007.50 | 2628495.00 86.3916 23.7664
Kusunda 438392.33 | 2628011.36 86.3954 23.7620
Ena 438465.00 | 2627070.00 86.3962 23.7535
R -OCP 440644.55 | 2626785.45 86.4176 23.7510
Goonhodih 442050.00 | 2625480.00 86.4314 23.7393
NT-ST 442815.00 | 2624385.00 86.4389 23.7294
NT-ST 443100.00 | 2623890.00 86.4418 23.7250
NT-ST 443205.00 | 2623410.00 86.4428 23.7206
NT-ST 443253.33 | 2623211.67 86.4433 23.7189
NT-ST 443910.00 | 2623110.00 86.4497 23.7180
Jayrampur 442200.00 | 2622915.00 86.4330 23.7161
Bhulanbarari 441898.64 | 2620804.77 86.4301 23.6971
Bhaura 437768.57 | 2619865.71 86.3896 23.6884
Bhaura 438202.50 | 2619131.25 86.3939 23.6818
Bhaura 438720.00 | 2618775.00 86.3990 23.6786
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Annexure - |
DETAILS OF THE REPORT

S

No. ITEMS INFORMATIONS
1 Geographical Area Jharia Coalfield (JCF): 453 sqg. km.
Raniganj Coalfield (RCF part): 19.64 sq. km. (Cluster-XVI area only)
2 | Major Physiographic Dissected Pediplain with surface Reduced Level (RL) varies from 160 m

Units to 220 m above mean sea level (AMSL) in JCF and 100 m to 140 m
AMSL in RCF.

3 | Drainage System Damodar River is the master drainage flowing along western boundary of
the JCF. Jamunia River, Khudia River, Katri River, Jarian Nala, Ekra
Jore, Kari Jore, Kashi Jore, Chatkari Jore and their tributaries are flowing
through the JCF area.
Damodar River, Barakar River is the master drainage of the part of RCF
area (CV Area).

4 | Annual Rainfall Jharkhand State: 1264.10 mm

(IMD-report) Rainfall data given in Annexure-IV.

5 | Geological Formations | Gondwana Formation
(Talchir Formation, Barakar Formation, Barren Measure Formation &
Raniganj Formation)

6 | Aquifer System Unconfined/Phreatic Aquifer — thickness 25 m (Avg.)
Semi-confined to confined Aquifer — thickness from 25 m upto 650 m

7 | Hydrogeological Unconfined Aquifer (Damoda BJ Section & Block-Il):

properties Hydraulic Conductivity — upto 0.50 m/day

(Aquifer Pump Test) Transmissivity — 10 - 42 m2/day
Semi-confined to confined Aquifer (Sitanala & Kumari Block):

Hydraulic Conductivity — 0.0006-1.44 & 0.05-0.0027 m/day
Transmissivity — 0.06 — 0.573 m2/day
8 | Groundwater Level Out of total 252 nos. of monitoring stations 64 nos located within core

Monitoring mining area and rest comes within Buffers zone.

Network 60 Nos. of Groundwater monitoring well (Dug Wells) network established
by CMPDI to record groundwater level data in and around the Core Zone
of JCF and 4 Nos. of Groundwater monitoring well (Dug Wells) in RCF
(CV Area).

9 | Groundwater Levels JCF area:

Below Ground Level Pre-monsoon —0.42 to 11.90 m (Avg. 5.12 m bgl) in ‘2022-23

(bgl) Post-monsoon —0.29 to 11.12 m (Avg. 3.32 m bgl) in ‘2022-23
RCF area (part):

Pre-monsoon — 1.73 t0 2.68 m (Avg. 2.20 m bgl) in ‘2022-23
Post-monsoon — 1.63 t0 2.20 m (Avg. 1.90 m bgl) in ‘2022-23

10 | Groundwater Quality Potable as per GEC-2015 Norms (Annexure- VIII)

11 | Proposed Piezometers | Piezometers (23 nos.) to monitor impact of coal mining on groundwater
regime within the coalfield area (JCF & part of RCF)

12 | Stage of Groundwater | Dhanbad District-Safe to Over-exploited category

Development (CGWB)

(GWRA-2022)

JOB NO - 200422005
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GROUNDWATER LEVEL & QUALITY REPORT FOR CLUSTER OF MINES OF BCCL

1.0 INTRODUCTION

1.1 LOCATION DETAILS AND BRIEF ABOUT THE PROJECT

The 15 nos. Cluster of mines (Cluster-I, II, 1ll, IV, V, VI, VII, VIII, 1X, X, X, XIII, XIV, XV and XVI) of BCCL
is located in the Jharia coalfield in Bokaro and Dhanbad districts of Jharkhand and part of Raniganj
coalfield in Dhanbad district of Jharkhand.

The area of Jharia Coalfield (JCF) is 453 sq. km. and Raniganj Coalfield (RCF part) is 19.64 sq. km.
(Cluster-XVI area only). Located about 3.0 km south-west of Dhanbad town and 10.0 km north-east of
Bokaro town. The coalfield bounded by Jamunia River in the west, Damodar river in the south, and

Metamorphics (hard rock) in the north and east side. (Plate-).

1.2 OBJECTIVE OF THE STUDY:

The objective of the report is to conduct hydrogeological study by quarterly monitoring of groundwater
level and quality of the Jharia coalfield and Raniganj coalfield (part) within BCCL command area for 15
Cluster of mines. The data collected shall be submitted to the MoEF&CC, CPCB & SPCB within stipulated
timeframe. The work is being done yearly and required to be continued as per the specific condition

mentioned invariably in Environmental Condition (EC) for all of the Clusters of BCCL.

1.3 SCOPE OF THE STUDY:

The following scope has been taken into account for hydro-geological investigation of the study area.

i) To monitor the groundwater levels four times/year during (May, August, Nov and Jan).
i) To monitor the groundwater quality during May including Arsenic and Fluoride.

iii) To evaluate the status of ground water level condition in the area.

iv) To study the ground water flow direction in the mining areas.

v) To study the depth to ground water level condition in the mining areas.

vi) To study the ground water quality data and interpretation in the mining areas.
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File No. 08BHBDD/JRRI/BCCL/ENV/0003/2018-BD Divn.-CMPDI (Computer No. 68378 )
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1.4 TOPOGRAPHY AND DRAINAGE

Northern part of the JCF area covered with hills and thin forest. In general, the altitude varies from 220 m
above mean sea level (AMSL) in Barora area (Cluster-l) to 160 m AMSL in Sudamdih area (Cluster-X).
Pediplains developed over sedimentary rocks or Gondwana formation consisting of Sandstone, Shale,
coal, etc. Dissected pediplains developed over Gondwana formations found in Jharia, Baghmara, Katras
areas etc. However, in RCF (part) area, the altitude varies from 100 m to 140 m AMSL (Cluster-XVI). The
general slope of the topography is towards south, i.e. Damodar River.

The drainage pattern of the area is dendritic in nature. The drainage system of the area is the part of
Damodar sub-basin. All the rivers that originate or flow through the coalfield area have an easterly or
southeasterly course and ultimately joins Damodar River - the master drainage. The drainage of the JCF
is mainly controlled by Jamuniya River (5t order), Khudia nala (3 order), Katri River (4t) and Chatkari
nala (3" order) flowing from north to south and joins Damodar River. Whereas, Barakar River and Khudia
River are controlling the drainage pattern of RCF (part) and joins Damodar River in the south. Damodar
River is the main drainage channel and flows from west to east along the southern boundary of JCF and
RCF.

The drainage map of the JCF and part of RCF has been prepared on topographic map of scale 1:50,000
(Plate-I). The watershed of all tributary rivers (Jamuniya River to Barakar River) falls within the north-
western part of Damodar sub-basin which comes under Lower Ganga Basin.

Besides, a large number of ponds/tanks distributed in and around JCF, out of which one prominent lake is
located at Topchanchi in the north-west part. Two reservoirs, Maithon dam on Barakar River and Panchet
dam on Damodar River near to Chanch Victoria Area of BCCL (part of RCF), are the main source of
water supply to the nearby area. Jharia Water Board, Damodar Water Supply Scheme and Mineral Area

Development Authority (MADA) are supplying water.

1.5 DETAILS REGARDING WETLANDS

A wetland is a distinct ecosystem that gets flooded by water, either permanently or seasonally. The
primary factor that distinguishes wetlands from other landforms or water bodies is its characteristic
vegetation (aquatic plants). Wetland are protective ecosystem as per new guidelines of CGWA &
MoEF&CC. There are no Wetlands in and around the area (Jharia coalfield and Raniganj coalfield) as per

the list available on official website of MOEF&CC, Govt. of India. The list enclosed as Annexure-lil.
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1.6 CLIMATE & RAINFALL

The Jharia Coalfield (JCF) and part of Raniganj Coalfield (RCF) area in Dhanbad District belongs to sub-
humid tropical climatic region. The maximum temperature during summer shoots up to 45° C and falls
between 10° C to 5° C in winter. The maximum rainfall occurs during the period between June and
September. Rainfall data of IMD Dhanbad and Mine Rescue Station Dhanbad given in Annexure-IV.
In Jharkhand state, Daily Rainfall data from 1989 to 2018 considered for analysis of trend variability and
mean rainfall patterns. From the daily rainfall data, monthly rainfall series of each station is computed and
then monthly district rainfall series is constructed by considering arithmetic average of all the station
rainfall values within the district. The monthly rainfall series of the state is computed by using area
weighted rainfall values of all the districts within the state. The objective of the analysis is to:
1. Identify the spatial pattern of the mean rainfall
2. Understand district wise observed rainfall trend and variability in annual and SW monsoon season
(June, July, August and September).
Daily station rainfall data is utilized for identification of the mean spatial patterns and rainfall intensity
trends. From mean and standard deviation (SD), the coefficient of variation (CV) is calculated using
following equation:
Coefficient of variation (CV) = [Standard Deviation / Mean] x 100
The analysis has done in two parts. For identification of the spatial pattern mean rainfall and variability
and observed trends we have used district rainfall series and results have been brought out for four
southwest monsoon months viz. June, July, August, September, for the southwest monsoon season and
also for annual.
Table shows the mean rainfall (mm) and coefficient of variation of the state for the monsoon months,
southwest monsoon season and annual during the period 1989-2018. It can be seen that the state gets
highest rainfall (31%) of southwest monsoon rainfall in July month while the August month get 28% of the
southwest monsoon rainfall. June and September receive 19% and 22% of southwest monsoon rainfall.
Also more than 84% of annual rainfall receives during the southwest monsoon season only. The
variability of monsoon or annual rainfall is also very less.

Jharkhand State

June | July | August | September | Sub-total | Annual
Mean | 190.3 | 313.9 | 289.2 225.7 1019.1 | 12114
cv 444 |1 29.0 | 248 37.0 18.7 16.9
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Dhanbad District

June | July | August | September | Sub-total | Annual
Mean | 203.9 | 327.7 | 302.5 2715 1105.6 | 1332.2
cv 410 | 356.0 | 335 48.7 20.8 19.4

Fig. 1 and 2 show the time series of rainfall in mm for the months of June, July, August and September
along with southwest monsoon season and annual rainfall. The trend lines are displayed for each of the
series. Neither monthly rainfall nor seasonal rainfall shows any significant increasing/decreasing trend
while annual rainfall shows significant decreasing trend. The monthly rainfall during June, July, August
and September as well as seasonal rainfall show decreasing trend. During the last 30 years, highest
rainfall of 390.3 mm was received in June in the year 1994, 492.1 mm was received in July in the year
2017, 431.5 mm was received in August in the year 1997, while highest rainfall of 395.2 in September
was received in the year 1995. Highest annual rainfall of 1587.9 mm was received in the year 1999 and
highest southwest monsoon rainfall of 1364.6 mm was received in the year 1994 (Climate Research and
Services, IMD, Ministry of Earth Sciences, Pune, Jan'2020).

Iharkhand State rainfall Southwest monsoon and annual

RAUNFLLINUN

Fig-1.
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Iharkhend State monsoon month rainfall

PAIREALL PO

Fig-2.

2.0 GEOLOGY AND HYDROGEOLOGICAL SETUP OF THE AREA

2.1 REGIONAL GEOLOGY

The Jharia Coalfield covering an area of 453 sq. km. is located in Dhanbad District, Jharkhand. The non-
coal bearing Talchir Formation is exposed in patches along the northern fringe of the Coalfield. The
Barakar Formation (Coal Bearing horizon) overlies the Talchir and covers the most part of the Jharia
Coalfield and have an area of 218 sq. km. This is successively overlain by the non-coal bearing Barren
Measures Formation which is mainly exposed in the central part of the Coalfield. This, in turn, is overlain
by the Raniganj Formation (Coal Bearing horizon) in the south-west part of the Coalfield and covers an

area of 54 sq. km.

Chanch-Victoria Area is located in the western part of Raniganj Coalfield. The Raniganj coalfield
represents the eastern most coal basin in the Damodar Valley Region, located at the border of Dhanbad
District of Jharkhand and Bardhaman District of West Bengal. The Coalfield is almost elliptical in shape
and covers an area of about 1530 sq. km. Out of this, only 35 sq. km. comes under leasehold area of
BCCL within which 19.64 sq. km is the study area (Cluster-XVI only). The coal bearing formations of the

area belongs to Barakar Formation of the Lower Gondwana in Table-1.
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Table - 1: Regional Geological Succession of Jharia Coalfield

Geological Formations Age
Quaternary/Recent | Soil cover/Weathered mantle Recent
Post-Gondwana Dolerite Upper Qretaceous

Lamprophyres Jurassic
Raniganj Formation Upper Permian
Barren Measures Formation Middle Permian
Damoda Group Barakar Formation :
. Lower Permian
Karharbari
Talchir Formaton Upper Carboniferous
Unconformity
Metamorphics Proterozoic
2.2 HYDROGEOLOGICAL SET- UP

The permeable formations, mainly composed of sandstone, behave as aquifer units. The coal seam and
shales developed in the area act as impermeable beds i.e. aquiclude. The aquifer materials of Gondwana
Formation constitute of fine to coarse grain sandstone having primary porosity of inter-granular void
space. The secondary porosity formed due to presence of faults, fracture, joints, etc. Sandstones of
Gondwana formation in JCF and RCF are very hard, compact and cemented and form less potential
aquifer, particularly in deeper aquifer system. The secondary porosity along with primary porosity forms a

conduit system making these formations good aquifers for movement and storage of ground water.

2.3 AQUIFERS DESCRIPTION

The aquifer system for shallow and deeper aquifer has been established through hydrogeological studies,
exploration, surface and subsurface geophysical studies in the JCF and RCF (part) covering all geological
formations. The aquifer can be divided into two zones — Un-confined/Phreatic (shallow) and Semi-

confined to confined (deeper) aquifer.
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PHREATIC/UN-CONFINED AQUIFER

The top aquifer occurred above the top most coal seam/shale bed is called un-confined or water table
aquifer and it consists of relatively permeable formation such as weathered sandstone and loose soil. The
thickness of the un-confined aquifer is varying from few meters to 50 m. This un-confined aquifer is more

potential than semi-confined to confined aquifer.

SEMI-CONFINED TO CONFINED AQUIFER

The semi-confined to confined aquifer consisting of sandstone bed is sandwiched between coal
seams/shale beds and thus, multiple aquifer system developed due to presence of multiple number of
coal seams/shale beds. With the presence of intercalated shale and carbonaceous shale beds and

reduction in permeability with depth, the lower aquifers are poor in potentiality.

Table -2 Generalized Hydrogeological Units developed in the study Area

Sl Type of Depth Core zone -
No. Aquifer range (m) (within 2 km) Buffer zone (within 10 km)
0-50 Alluvium,
Unconfined weathered Alluvium, weathered sandstone
1. (Avg. 25)
sandstone
Multiple ,
Semiconfined/ | Beyond 25 | Sandstone Multiple Barakgr sgndstone, Barren .
, . : Measure, Raniganj sandstone, Talchir shale
2. | confined upto 650 m | horizons in .
: and Metamorphics
Barakar formation

2.4 GENERAL AQUIFER PARAMETERS

PHREATIC/UN-CONFINED AQUIFER

The wells tested by CMPDI for determination of aquifer parameters in Damuda (BJ Section) and Block-II
area of JCF. The hydraulic conductivity of the un-confined aquifer is 0.50 m/day as computed from
pumping tests on the wells. The transmissivity of the unconfined aquifer ranges from 10.68 m2 /day to
41.48 m2/day.
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SEMI-CONFINED TO CONFINED AQUIFER

The sandstone partings in-between impervious layers of shale and coal seams is designated as semi-
confined / confined aquifers. The sandstones in these aquifers are fine to coarse grained, hard and
compact with very low porosity. Mostly groundwater occurs in the weak zones formed due to weathering,
fracture, faults, which create the secondary porosity. The hydrogeological parameter has determined by
CMPDI in Sitanala Block by conducting aquifer performance test (APT). The hydraulic conductivity (K) of
semi-confined aquifer in Barakar Formation ranges from 0.0006 m/day to 1.44 m/day. The
hydrogeological parameter has also been determined at Kumari OCP Block in the central JCF by
conducting aquifer performance test. The hydraulic conductivity (K) of semi-confined aquifer in Barakar

Formation in this area ranges from 0.0027 m/day to 0.05 m/day.

Table - 3: Aquifer parameters considered for the study Area

Hydraulic Parameter Unconfined aquifer | Semi-confined aquifer
Site: Damuda (BJ Site: (1): Sitanala Block
Section) and Block-IIl (2): Kumari Block
area
Transmissivity (m2/d) 10.68 — 41.48 0.0621 -0.573
Hydraulic conductivity (m/d) 0.5 0.05-0.0027
Specific yield 0.03 t0 0.04 (as per GEC recommended values)

3.0 GROUND WATER LEVEL MONITORING

To collect the representative groundwater levels in the study area, CMPDI has established a monitoring
network of total 252 monitoring stations out of which 64 located within core zone and rest falls in Buffer
zone. Total 60 nos. dug well within JCF and 04 nos. dug well within RCF (part) area (Details of the
Hydrograph stations & water level given in Annexure-V, VA & VB) spread over the entire BCCL
leasehold area, Plate-l. Water level data collection in all monitoring stations has been done in pre-
monsoon as well as in post monsoon whereas in 64 monitoring stations the data collection has been done
on quarterly basis (May'22, Aug'22, Nov'22 and Jan'23).

Depth to water level of the water table depict the inequalities in the position of water table with respect to
ground surface and is useful in delineating recharge / discharge areas, planning of artificial recharge
structure and shows the overall status of the groundwater level in the area. Historical groundwater level
JOBNO-200422006  Pagel0




(GWL) of entire JCF and part of RCF with fluctuation, GWL of Non-mining / Mining areas and GWL of the
Cluster of Mines of BCCL are shown in this report to assess the effect of Coal mining activity on the
groundwater regime in and around the Coalfield area.

Mining is a dynamic phenomenon. The mining activity creates dis-equilibrium in environmental scenario of
the area and disturbs the groundwater conditions/regime in particular. The impact on shallow water
regime due to mining activity can be broadly viewed as under:

e Historical GWL with annual fluctuation over the years
e  GWL scenario in Non-mining and Mining area (OC/UG mines)
e GWL scenario of Cluster of mines of BCCL

3.1 HISTORICAL GROUNDWATER LEVEL (GWL)

Historical GWL of JCF and part of RCF of CMPDI monitoring stations given from 2005 to 2021 (total 64
stations within Coalfield area). Pre-monsoon and Post-monsoon GWL with Fluctuation has been
mentioned below in the table.

JOB NO - 200422005 Page 11




Table - 4: Historical Groundwater Level

(Water level in metre below ground level)

Period Pre-Monsoon (April/May) | Post-Monsoon (Nov/Dec) Fluctuation

From | To | Average | From | To | Average | From | To | Average
2005 | 0.07 | 19.08 6.29 0.84 | 12.13 3.20 0.12 | 1245 | 3.21
2007 | 0.40 | 19.27 5.66 0.35 | 821 2.87 0.02 | 16.15| 296
2008 | 0.45 | 18.35 5.42 0.35 | 14.20 3.62 0.03 | 9.22 245
2010 | 0.85 | 14.47 5.24 0.10 | 15.88 4.48 0.02 | 555 1.54
2012 | 1.27 | 18.68 5.58 0.15 | 7.80 2.72 0.08 | 1345 | 296
2013 | 0.70 | 19.20 5.65 045 | 8.35 2.77 029 | 1588 | 3.17
2014 | 0.70 | 16.28 4.92 0.75 | 14.98 3.27 025 | 1015 | 217

§ 2015 | 1.38 | 17.20 6.00 0.45 | 14.58 3.92 028 | 7.62 2.15
2016 | 0.78 | 16.73 5.64 0.30 | 1243 3.19 023 | 6.35 2.88
2017 | 0.67 | 16.28 5.61 0.15 | 6.97 2.41 0.10 [ 1210 | 3.25
2018 | 1.20 | 14.58 5.55 040 | 717 2.83 020 | 945 2.68
2019 | 0.95 | 15.88 5.46 045 | 595 2.34 020 | 1340 | 3.05
2020 | 0.80 | 16.25 4.95 0.75 | 10.10 3.26 025 | 11.05| 215
2021 | 0.62 | 11.26 5.23 0.05 | 7.62 2.28 0.15 | 9.03 2.94
2022 | 0.42 | 11.90 5.12 029 | 11.12 3.32 003 | 7.2 1.80
2008 | 5.02 | 10.50 7.59 285 | 4.90 3.71 1.82 | 6.60 3.87
2010 | 2.20 | 8.85 4.74 2.78 | 9.58 4.63 068 | 1.10 0.89
2011 | 3.57 | 8.02 4.98 250 | 6.21 3.75 0.55 | 1.90 1.23
2012 | 310 | 7.34 4.59 1.55 | 7.00 3.66 0.05 | 2.78 0.94
2013 | 1.70 | 9.87 6.54 290 | 885 4.71 1.02 | 554 2.84
2014 | 3.27 | 6.48 4.57 213 | 3.03 2.63 0.54 | 3.45 1.94

g 2015 | 3.38 | 9.52 5.33 268 | 820 5.11 1.06 | 1.32 1.81

g 2016 | 3.61 | 10.65 6.24 090 | 6.50 3.18 1.63 | 4.40 3.06

2017 | 1.93 | 5.80 3.25 163 | 3.78 247 1.63 | 3.78 0.78
2018 | 2.34 | 8.70 4.35 1.75 | 5.70 2.75 041 | 2.55 1.59
2019 | 1.60 | 9.35 5.29 0.80 | 3.88 2.10 0.80 | 547 3.20
2020 | 2.30 | 9.70 4.30 1.75 | 5.50 2.70 040 | 2.75 1.60
2021 | 2.00 | 6.20 3.34 110 | 5.25 2.44 0.80 | 0.95 0.90
2022 | 1.73 | 2.68 2.20 163 | 2.2 1.91 0.10 | 0.48 0.29
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3.2 DEPTH TO WATER LEVEL & HYDRAULIC GRADIENT

Depth to water level (DTW) range in different formations with respect to mining and non-mining areas is
summarized in the Table-5.

Table - 5: Depth to water table

DTW (bgl, m) [Year-2022-23]
Formation Area Pre-monsoon | Post-monsoon
(Apr/May) (Nov/Dec)
Sedimentary Non-mining 2.0-10.0 1.0-10.0
(Gondwana Formation | Mining 10120 050110
/ Core Zone)
Metamorphics Peripheral part of _ )
(Hard rock) the Coalfield <20-7.0 1.0-7.0

The study revealed that water table is in shallow depth and there is no significant stress in the water table
due to coal mining activity. Mining and Non-mining areas shows barely any difference in water table
condition in JCF and RCF (part) area. The average hydraulic gradient of the water table within mining and
non-mining areas is given in Table-6. No significant change in hydraulic gradient is observed. Relatively
steep gradient near active opencast mining areas w.r.t, non-mining, underground mines and

Metamorphics areas is observed.

Table - 6: Average hydraulic gradient

SI. No Formation Area Average hydraulic gradient
1 Sedimentary Non-Mining 1.0X103t0 2.5 X103
(Gondwana Formation | Mining 1.0X102t0 4.0 X 103
/ Core Zone)
9 Metamorphics Peripheral part of the 1.0X103t0 3.5 X103
(Buffer Zone) Coalfield
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B. GROUND WATER LEVEL OF CLUSTER-II

Cluster-II consists of seven mines namely; Block Il Mixed mines (OCP & UGP), Jamunia OCP, Shatabdi
OCP, Muraidih Mixed mines (OCP & UGP), and Phularitand OCP of BCCL is located in the western most
part of Jharia coalfield in Bokaro district and Dhanbad district of Jharkhand. The life of the project has
been worked out to be up to 30 years considering annual target production of 20.215 MTPA. It is located
in the extreme western part of Jharia Coalfield in Dhanbad district of Jharkhand (Toposheet no- 73 1/1 and
1/5).

The present leasehold area of Cluster-Il is 2260.54 Ha. The Damuda block area marked by more or less
flat and gently undulating topography. The RL varies from 176 m to 235 m AMSL. Jamuniya River, Khudia
River and its tributaries are controlling the drainage system of the area. The area comes under the

watershed of Jamuniya River and Khudia River.

Monitoring stations (B-1, B-59, B-60, B-61A and B-62A) are located in the core zone of the mine area.
Water level monitoring in these monitoring stations has done in the months of May'22, August’22, and

Nov'22 and January’23. The Ground water level data is presented in the table below:

S| Well Location Water level (bgl in meters)

No. 2022-23 2021-22 2020-21

No.
May | Aug | Nov | Jan | May | Aug | Nov | Jan | May | Aug | Nov | Jan

B-1 | Muraidih 210 | 165|181 273 | 258|058 |191|203| 328073163173

B-59 | Khodovaly | 450 | 044 | 114 | 1.04 | 549 [ 0.30 | 0.90 | 0.95 | 5.25 | 0.67 | 1.40 | 2.10

B61A | Kesargora | 120 | 052 | 0.97 [ Abn | 4.42 | 047 | 097 | 097 | 3.32|0.85 | 1.60 | 207

1
2
3 | B-60 | Bahiyardih | 1053 | 1.08 | 5.80 | 9.38 | 11.26 | 1.33 | 2.23 | 6.53 | 10.33 | 0.91 | 3.21 | 6.13
4
5

B62A | Sadiyardih | 645 | 1.77 | 491|515 | 6.87 | 135|450 | 460 | 6.95 | 2.77 | 3.00 | 4.95

Average WL (bgl) 496|109 293|458 | 612|081 210|302 | 583 | 119|217 | 340

LAST THREE-YEAR ASSESSMENT:

Pre-monsoon GW Level (m): Min — 1.20m Max — 11.26 m
Post-monsoon GW Level (m): Min —0.90 m Max —5.80 m
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LAND USE / LAND COVER MAP OF THE CLUSTER-II MINES, BCCL
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4.0 GROUND WATER LEVEL SCENARIO

The summarized water level data of all clusters given in Table - 7.

Table -7: Groundwater level data (Cluster-wise)

Water level Below AVQ'.
No. of Fluctuation .
Sl. | Cluster of Monitoring ground level (in meters) Geological
No. | BCCL (May, Aug, Nov'22 . Formation
Wells & Jan'23) during
2022-23
1 I 4 nos. 0.45t09.65m 2.33m Barakar
2 Il 5 nos. 0.45t010.53 m 2.03m Barakar
3 1] 5nos. 0.30t0 10.53 m 2.18m Barakar
4 \Y 4 nos. 0.35t07.45m 2.16m Barakar
5 V 4 nos. 0.10t05.80 m 0.93m Barakar
6 VI 2 nos. 1.801t011.90 m 464 m Barakar
7 Vi 7 nos. 0.45t011.32m 1.20 m Barakar
8 VI 4 nos. 1.271010.95m 1.02m Barakar
9 X 6 nos. 0901t09.03m 1.80m Barakar
10 X 4 nos. 0.15t06.50 m 1.86 m Barakar
11| x 4 nos. 050t 5.60 m 0.70m Barakar &
Barren Measure
12 Xl 6 nos. 0.50t08.20 m 2.37Tm Ranigan;
13 XV 3 nos. 1.30t08.50 m 1.85m Ranigan;
14| xv 4 nos. 050t07.30 m 180 m Barakar &
Barren Measure
15 XVI 4 nos. 1.501t02.70 m 0.30m Barakar

Depth to water level (in bgl) values describe that water level goes down to maximum 11.90 m during
summer season and minimum up to 0.10 m during monsoon season of 2022. Un-confined aquifer is
affected around 20 m to 30 m of maximum radius close to active opencast mining areas, showing steep
gradient towards mine void. Other than that, there is no mining effect in the water level within JCF area
and RCF area (part). Historical water level data and hydrograph of permanent observation stations from
CGWB is shown in Annexure-VI. Water Table contour map and Depth to water level map both during

pre & post-monsoon season is shown in Plate-IV (A, B) & V (A, B).

Monitoring of groundwater (quantity & quality) to assess the present condition and resource has been
done regularly in the coalfield area. Well hydrographs (Annexure-VI) are prepared and studied to identify
long-term trends. Hydrograph trend analysis of CGWB monitoring wells and observation wells reveals
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increasing groundwater level trends in most of the Cluster of mines. However, declining trends in both Pre
and Post-monsoon GW level in Cluster-I, Cluster-V, Cluster-VlI and Cluster-VIl are recorded but no
significant declining trend (>1.0 m/year) of water level is noticed in any particular area for the last 10
years within the coalfield area. Regarding quality monitoring, the water sample location map (Plate-Il)

with collection points details (dug wells) are given in Annexure-V and Quality is given in Annexure-VII.

5.0 GROUND WATER QUALITY

The ground water samples of the study area (15 nos. of Cluster of mines, BCCL) were collected from dug
wells and analyzed. Fifteen ground water samples (GW-1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 13, 14, 15 & 16)
analyzed during the month of June’2022 at CMPDI, RI-Il, Dhanbad. The water sampling details is given in
Annexure-V and Water sample locations are shown in Plate-Il. The water quality data is presented in

Annexure-VII.

The study of the variations in water quality parameters is described below:

The pH of the groundwater samples varies between 7.82 (GW-4) to 8.21 (GW-9), the pH is within the IS
10500:2012 limit of drinking water standard.

The mineral constituents dissolved in water constitute the dissolved solids. The total dissolved solids
(TDS) vary from 192 (GW-11) to 764 mg/l (GW-9). The TDS values are ranging slightly above the IS
10500:2012 standards limit of drinking water.

The alkalinity of the water samples varies from 82 (GW-7) to 142 mg/l (GW-11) and are within the
stipulated standard of (200 mg/l) drinking water. The concentration of calcium in the water samples varies
from 38 (GW-1) to 172 mg/l (GW-13) and is slightly above the permissible limit (75 mg/l) of drinking
water standards. The total hardness ranges between 152 (GW-8) to 666 mg/l (GW-5) and the value of
total hardness in water samples are above the permissible limit (200 mg/l). The sulphate ranges between
42(GW-4) to 178 mg/l (GW-13) and the value of sulphate in water sample are within the permissible limit
(200 mg/l). The Iron, Copper, Manganese, Lead, Zinc and Chromium concentration in the water samples

found to be below the upper IS 10500:2012 limits for drinking water.

JOB NO - 200422005 Page 45




o

B R
Sarapablow ciee
S

L ]

P e

INDEX

9§ N Cxcastuian das

;‘ ' Aoty Caibs im o 'w

wires

3

v

T
1wy

'Lnand
Cormanyi i

! [i Il-u.. W brwaans |
| Range of EC dmagtl)
L3 IR

kL-07

[

|

|
fr-09
(I AR

1110
| -

-

ey

Y

wxn

T —
15

JOB NO - 200422005

Page 46




e R
N
A »
-
B
.. L §
* |
[T
a
. o
by e
.
S Sl p—
e e
P arz
.
E it z
g henl Cig ;
] 3
3013 copn | M-
bartn U . Jot agen b cave INDEX
LT 2
§  Flands Canamuas wan
: l PG, (30 B e
- .
»
-r - - pa— .
e R :- :2— ’_';H
%oy s
'
N
E A r
»
£ Ed
B 1 -
we 3
¥
e Pre J
st
v Ohvarbeas
* L
L J 1}
- 3
y \ m 3
> ahas | - Rl 2 [T
.vn \
Il s
'I
Bedhe 10
" —
.
o defot '
E s 4
’Juﬂ iy 2
" 3
Moarie sery Bk nt |
Bamtr 19y, e Jorapohtor o INDEX
) by
© Hvels Leecatnton Yeas
\ | l B Ol _Sawwnont
S
< - - - . -~ -
e N S—
adadis e : a2 L 0

JOB NO - 200422005

Page 47




6.0 STAGE OF GROUNDWATER EXTRACTION

The groundwater is mainly utilized for domestic needs and irrigation purposes. The groundwater
abstraction is mainly through dug wells and bore wells. The stage of groundwater development in
Dhanbad District is 76.30% (as per 2017 GWRA). The highest stage of development is in Jharia Block
(127.0%) & Dhanbad Block (107.50%) and lowest stage of development is in Chirkunda Block (35.5%) as
per GWRA-2013. The Gondwana sandstones in general, known to constitute good aquifers at many
places. However, the yield potential of the area adjoining to active mines in the coal belt is poor. The
active mines often act as groundwater “sinks”. In contrast, the water logged abandoned mines and pits
act as potential sources of groundwater. As per the assessment by Central Ground Water Board
(CGWB), Patna in 2022, Block wise data of Dhanbad District given below:

Table-8A: Block wise Stage of Groundwater development

Sl Administrative Category Category Category
No. Unit (GWRA-2013) | (GWRA-2017) | (GWRA-2022)
District Block

1 | Bokaro Bermo Over- exploited | Over- exploited | Over- exploited

2 | Dhanbad | Baghmara Critical Critical Safe

3 | Dhanbad | Baliapur Semi- Critical Semi- Critical | Over- exploited

4 | Dhanbad | Dhanbad Over- exploited | Over- exploited | Semi-critical

Dhanbad | Jharia /
Dhanbad Over- exploited | Over- exploited Critical

S Urban

6 | Dhanbad | Topchachi Critical Critical Critical

7 | Dhanbad | Chirkunda Safe Safe Safe

e Dynamic Groundwater Resource Assessment, CGWB as per 2013, 2017 and 2022.
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Table-8B: Cluster wise Groundwater development scenario

Cluster/ Adminis- Total Water demand (cum/day) Avg. GW level GW level declining | Remarks
Area trative (bgl in m) trend
Blocks/Stage Mine Surface Total Excess 2022-23 2005-2022
Of GW Discharge Water Use Or Pre- Post- Pre- Post-
Extraction + BH Source (Domestic other | 1 onsoon | monsoon | monsoon | monsoon
pumping + Industrial) use
Cluster- Bermo 2173 NIL 2112 61 570 3.37 YES YES Recharge
I (SOD: Over- | (2065+108) (1698+414) structure
exploited) needed
Cluster- | Baghmara 8350 Jamunia 6737 1613 4.96 2.93 NO NO
Il river (2755+3982) Excess
Cluster- | (SOD: Safe) 12760 NIL 8946 3814 4.64 2.46 NO NO mine
1l (10960+1800) (7849+1097) water
Cluster- 5900 MADA 5100 800 478 2.62 NO NO needed
v (3605+1495) to be
Cluster- 12690 MADA 11063 1897 2.49 1.57 YES YES utilized
V (11025+1665) (5710+5353)
Cluster- |  Dhanbad 4150 MADA 4150 0.0 8.14 3.50 YES NO
VI (1664+2486)
Cluster- | (SOD: Semi- 21565 MADA 20826 739 5.01 3.82 YES YES
VI critical) (17596+3230)
Cluster- Jharia / 9320 MADA 5294 4026 6.16 5.14 NO NO Excess
VIl Dhanbad (3730+1564) mine
Cluster- Urban 12980 MADA 9358 3622 5.83 4.03 NO NO water
IX (4549+4809) needed
Cluster- 11825 Damodar 6201 5624 4.99 3.13 YES NO 0 be
X (SOD: river (4255+1946) utilized
Critical)
water
Cluster- |  Dhanbad 24960 MADA & 19425 5535 2.77 2.11 NO NO
Xl (SOD: DVC (14015+5410)
Critical)
Cluster- | Baghmara 750 Damodar 692 58.0 6.55 418 NO NO
XIlI river
Cluster- | (SOD: Safe) 943 NA 668 275 5.67 3.83 NO NO
XIvV
Cluster- 6200 NA 5941 259 4,93 3.19 NO NO
XV (4600+1341)
Cluster- |  Chirkunda 1910 DVC 1730 180 2.21 1.92 NO NO
XVi (SOD: Safe) (Barakar | (1380+350)
river)

MADA - Mineral Area Development Authority, Jharkhand, Dhanbad (payment basis).

DVC - Damodar Valley Corporation, Maithon/Panchet, Jharkhand (payment basis).
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7.0 IMPACT OF MINING ON GROUND WATER REGIME
7.1 GENERAL CONSEQUENCES OF COAL MINES ON AMBIENT HYDROGEOLOGICAL REGIME

Mining of coal either by opencast or underground method is bound to incise one or more water bearing
strata (aquifers) which, in turn, may result in depletion or draw down in water levels and a corresponding
inflow of water into the mine workings. The potential effects of coal mining operations on the
hydrogeological regime are as under:

¢ Creates disruption in formation/aquifer

%+ Dewatering of aquifers

%+ Change in hydraulic gradient

% Modification in recharge of aquifers

%+ Change in groundwater flow pattern

The general need in mine planning from the hydrogeological point of view is the estimation of ground
water seepage into the mine, its rate, the mine pumping capacity to meet the storm rainwater
accumulation, extent of depression of water surface and management of mine effluent (mine water). It is
also desirable that the consequences of mining operation on groundwater regime be determined in
advance. However, the mine pumping in most of the cases are passive dewatering for the safety of the

mine pit, active mine dewatering is done in few cases for very high potential aquifers.

7.2 POTENTIAL CONSEQUENCES OF OPENCAST AND UNDERGROUND COAL MINES ON
HYDROGEOLOGICAL REGIME IN JHARIA COALFIELD

Generally, in the opencast and underground mines of Jharia Coalfield, alluvium and overlying weathered
mantle are the first to be excavated, followed by upper Barakar Formation / Aquifer. Since these
formations vary in thickness, compaction and their constituents over the area, their aquifer properties also
vary.

The porosity and the compactness in the sandstone controls the discharge from these aquifers. The
alluvium and weathered Formation wherever loose and fragile possess more porosity and this has high
groundwater potential. Due to the mine cut, a depression in the water table is created. The initial
discharges due to this depression is large in amount because of concentration of flow to that region. In
the top zones, water table condition prevails and semi-confined conditions exist in the stratified section
(Gondwana Sedimentary basin). With progress of mine operations, there is an increase in the depth of

incision, as a result which, the semi-confined aquifers are also gets punctured.
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During mining, the hydraulic gradients generally steeps down near mine i.e. within the mine influence
area. In the up-dip region, only un-confined aquifer is punctured through the mining process and thus only
unconfined aquifer is affected whereas in the down-dip region both un-confined and semi-confined
aquifers may be affected. The confined aquifers of lower Barakar Formation in the mining area are not
punctured as it lies below the working coal seams and hence normally there is no noticeable effect in the

aquifer related to this formation.

7.3 ESTIMATION OF RADIUS OF MINE INFLUENCE ZONE

Radius of Influence can be defined as the radial distance from the center of the borehole to the point
where there is no lowering of groundwater table/potentiometric surface.
The radius of influence (R) for Opencast and UG Mines within Jharia CF is calculated by using
Sichardt’s formula based on present mining scenario.

Ro= C*(H-h) * vV (K)

Where, Ro- Radius of influence (m), C - Constant =3000,
(H-h)- Drawdown (m), K — Hydraulic conductivity (m/s).

Here, K for Barakar Formations is 0.05 m/d or 5.7 x 10-” m/sec.

Here, it may be appropriate to mention that the presence of prominent boundaries/water bodies, faults or
inter-fringing of sandstone and shale beds may restrict the propagation of drawdown cone. With the
presence of low permeable beds such as clay/shale and younger coal seams in the formation, laying
above the working seams the water level in the phreatic aquifer is not directly affected. Both, the phreatic
and semi-confined aquifers, get affected during the working by board and pillar method as subsidence
takes place while extracting total coal (depillaring). Surface vigilance and filling up subsided zone, if any,
has to be constantly under observation. The effect on groundwater level for most of the coalmine in Jharia
coalfield has been observed in the down-dip side, generally within a distance up to 500 m from active

mine zone and becomes milder/ negligible thereafter.

8.0 CONSERVATION MEASURES & FUTURE STRATEGY

> BCCL has installed 25 Pressure Filter Plant of total capacity of 4.16 MGD to meet drinking water
requirement in nearby area. At present 63 Water Treatment Plants are operational having
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capacity of 16.16 MGD within Jharia Coalfield area. Further, installation of 28 more Pressure
Filter Plants having capacity of 5.84 MGD are in progress.

BCCL has participated in development of low cost technology for drinking water in a CSIR project
along with CIMFR, Dhanbad and a pilot plant of 4000 Liters/hour is functional at PB Project site of
BCCL. Similar plants have been proposed at other sites of BCCL.

A scheme titled ‘Scheme for multi-purpose utilization of surplus mine water of Barora Area, Block
Il and Govindpur Area of BCCL’ was prepared with a view to harness the excess water discharge
to take care of the persistence problem of water scarcity in the nearby villages. In the scheme,
two water reservoirs of capacity 27 MG and 17 MG have been proposed in the non-coal bearing
area for storage of 3250 GPM and 2000 GPM surplus mine water which will be fed by mine
discharge at mines of Barora, Block-Il and Govindpur Area through pipe line.

Rooftop rainwater harvesting (RWH) has been taken up in the project areas using the
administrative buildings. 138 no. of quarters having roof-top area of about 14950 sq. m. is ready
to harvest rainwater and around 13150 cum/annum of water is going to recharge the nearby
groundwater system through RWH structures. Proposal has already been made to facilitate this
kind of RWH structure at suitable locations i.e., Lodna Area, Kusunda Area (Jawahar Nagar,
Matkuria, Coal Board Colony), Sijua Area (Nichitpur and Tetulmari Colony) within Jharia Coalfield
to augment groundwater recharge.

After cessation of mining, with plenty of rainfall and abundant ground water recharge, the water
levels will recoup and attain normalcy. Thus, the impact of mining on groundwater system may be
considered as a temporary phenomenon. The abandoned mine workings (UG) behave as water
pool and improves the resources availability in the coalfield area.

Utilization of treated mine water discharge by both, industry and local people, in the mine
influence area. The excess mine water can be used to recharge groundwater system by
connecting pipelines to abandoned dug wells. Utilization of mine water for irrigation will also
enhance the ground water recharge potential through artificial recharge in the area.

Increase vegetative cover by plantation in the mine area under land amelioration measures. This
will contain the surface run-off and increase the groundwater recharge.

Imparting awareness among workers and local peoples about Rainwater harvesting and artificial
recharge will have priority. This aspect is usually covered during the Environmental Week
celebrated every year (5 to 12 June).

23 nos. of Piezometers have been installed within JCF and RCF to monitor GW level (Plate-lll).
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Monitoring of water quality of mine water discharge, local River/nala and domestic water source (dug
well’/hand pump wells) will continue under routine monitoring (May, August, November & Jan). The

groundwater level during the month of Jan’23 has been recorded in those piezometers and given below:

PZ NO. | LATITUDE | LONGITUDE Waf;‘]‘éf/‘g (2n2)23éGL
PZ7A | 23.770115 | 86.410951 110.4
PZ7B | 23.740017 | 86.39971 -
PZ7C | 23.734152 | 86.443317 76.7
PZ8A | 23.755621 | 86.427106 70
PZOA | 23.730468 | 86.446387 4155
PZ13A | 23.713845 | 86.251622 32.85
PZ14A | 23.741512 | 86.213866 7.6
PZ14B | 23.741512 | 86.213866 11.82
PZ1B | 23.769165 | 86.175347 29.75
PZ1A | 23.769176 | 86.175446 12.15
Pz2A | 23.767181 | 86.189037 29.41
PZ2B | 23.790844 | 86.24701 4.85
PZ5A | 23.781658 | 86.356924 5.15
PZ5B | 23.79986 | 86.36189 -
PZ4A | 23.776446 | 86.312329 29.7
PZ4B | 23.776503 | 86.312519 107.5
PZ3A | 23.779754 | 86.241757 19.1
PZ3B | 23.80146 | 86.282446 85.82
PZ3C | 23.801619 | 86.282436 -
PZ11A | 23.726355 | 86.341936 60.6
PZ9B | 23.696164 | 86.41592 66.8
PZ10A | 23.687975 | 86.405108 5.92
PZ16A | 23.730825 | 86.760491 35.2

However, as per revised proposal, from assessment year 2023-24 the groundwater level and
quality monitoring work in the BCCL command area will be revised as per the guidelines of CGWA, New
Delhi regarding NoC from CGWA for groundwater abstraction in Mining Sector. As per revised proposal,
total 150 nos. of Dug well and 23 nos. of Piezometers will be monitored in quarterly basis and total 50
nos. of groundwater quality sampling will be conducted during the month of May in each assessment year
onwards. 12 nos. of existing monitoring wells have been discarded for evenly distribution of key wells
within the buffer zone, these are: A-18, A-22A, B-25, B-21A, B-61A, D-23, D-40A, D-43, D-51, D-55, DB-
24 & DB-25.
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9.0 EXISTING/PROPOSED RAINWATER HARVESTING STRUCTURES IN BCCL COAL MINES

Fig-3 to 4.

;uem 22.803325

46,27534

Proposed Rain Water Harvesting Site Nehru Balika Vidhalaya, Cluster-l, Barora Area
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Proposed Rain Water Harvesting Site Regional Hospital Baghmara, Cluster-l, Barora Area
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RECHARGE POND / ABANDONDED IN THE JCF MINE AREA
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Fig-9 to 10.

FILTER PLANT IN THE MINE AREA
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Fig-11 to 12.

uracy:
Time: 19-32-2020 12:14
Note: Damods Alblon poned used for Bisthing

RECHARGE POND / ABANDONDED IN THE JCF MINE AREA
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Fig-13 to 14.
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Annexure-1ll

Government of India
Ministry of Environment, Forest and Climate Change
Wetlands Division
List of Ramsar Sites in India
5. No | Name of Ramsar site | State Areain Date of Coordinates
_ hectares designation _

1. | Ashtanmdi Wetland Kerala 6,140 19/08/2002 | 08°37TN 076°34°E
2. | Beas Conservation Punjab 6,429 2600972019 | 31723 W 075°11E

Feserve
3. | Blutarkamka Odisha 65,000 19/082002 | 20°39'N 086°54E

Mangroves _ _
4. | Bhoj Wetland Madhya Pradesh 3,201 19082002 | 23°13 W OTT°19E
3. | Chandertal Wetland Himachal Pradesh 49 08/112005 | 32°28'N 07736 E
6. | Chulika Lake Odisha 116,500 0171071981 | 19°42 W 085<21'E
7. | Deepor Beel Assam 4000 19/08/2002 | 26%07TN 091°39°E
% | East Calcutta Wetlands | West Bengal 12500 19082002 | 23°27TN 088°27TE
9. | Harike Lake Punjab 4,100 23/03/1990 | 31°13NO75°13E
10. | Hokera Wetland Janmmm & Kashmr 1,375 08/1172005 | 34°%04'N 074°42E
11| KEamh Pumjab 183 220172002 | 31925 N OT75°22E
12. | Eeoladeo National Rajasthan 2873 01/10¢1981 | 27°13 W OT7°31'E

Park (ME)
13. | Keshopur-IMiam Punjab 344 2600972019 | 32905 N 075°23E

Commmunity Reserve _
14. | Eolleru Lake Andhra Pradesh 90,100 19/0872002 | 16°37TN 081°1YE
15. | Loktak Lake (ME) Mampur 26,600 23/03/1990 | 24°25'W (93°49°E
16. | Nalsarovar Gujarat 12,000 24;"99.@012 22°46'N 072 ”ﬂ!_‘E
17. | Nandur Maharashtra 1,437 2170672019 | 20901 074°06E

Madhameshwar
13. | Nangal Wildhfe Pumjab 116 260972019 | 31923 N 076°227E

Sanctuary _ _ _
19_ | Nawabganj Bird Uttar Pradesh 125 19/08/2019 | 26°36W 080°39°E

Sanctuary _ _
20. | Parvati Arga Bird Uttar Pradesh 722 021272019 | 2656 082°09°E

Sanctuary
21. | Poimnt Calmere Tamml Nadu 38,500 19/0872002 | 10°19°W 079°3TE

Wildlife and Bird

Sanctuary _ _
23 | Pong Dam Lake Himachal Pradesh 15 662 19/08/2002 | 32%01'W 076°04'E
23. | Fermka Wetland Himachal Pradesh 20 081172005 | 31°3TNOTI*2TE
24. | Ropar Punjab 1.365 227012002 | 31°01'N 076°30°E
25. | Pudrasagar Lake Tnpura 240 081172005 | 23°28'W (91°16E
26. | Saman Brd Sanctuary | Uttar Pradesh 326 021272019 | 27°00N 079°10°E
27. | Samaspur Bird Uttar Pradesh 799 03/10:2019 | 25°59'W 081°23E

Sanctuary
28. | Sambhar Lake Rajasthan 24.000 23/03/1990 | 2700 075%00°E
29_| Sandi Brrd Sanctuary | Uttar Pradesh 309 26/09/2019 | 27°18'N 079°38E
30. | Sarsal Nawar Jheel Uttar Pradesh 161 19092019 | 26°38'W 079°15E
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Annexure - IV

Rainfall Data (in mm) At Dhanbad Observatory Station, IMD (Source: WRIS Website data)

Year | January | February | March | April May June July | August | Sep Oct Nov | Dec | Annual
1994 | 265 20.0 33 | 235 | 45 | 2895 | 2455 | 240.0 | 1340 | 405 | 00 | 00 | 1027.3
1995 | 15.0 183 | 200 | 00 | 345 | 122.0 | 140.1 | 257.0 | 4460 | 00 | 340 | 55 | 10924
1996 | 125 12.5 5.2 0.0 00 | 2105 | 1385 | 400.0 | 2140 | 240 | 00 | 00 | 10172
1997 | 105 17.5 28 | 635 | 415 | 2315 | 599.3 | 6211 | 1968 | 165 | 34.0 | 16.0 | 1851.0
1998 | 20.5 21.0 | 160.0 | 18.0 | 40.0 | 80.0 | 347.0 | 409.0 | 123.0 | 1205 | 11.0 | 0.0 | 1350.0
1999 | 0.0 0.0 0.0 00 | 640 | 150.0 | 511.0 | 336.0 | 5105 | 1240 | 00 | 0.0 | 16955
2000 | 2.0 15.0 00 | 200 | 68.0 | 4525 | 2705 | 89.0 | 2345 - 00 | 00 | 11515
2001 | 0.0 0.0 340 | 13.0 | 104.0 | 448.7 | 552.5 | 121.0 | 107.0 | 1265 | 0.0 | 0.0 | 1506.7
2002 | 12.0 100 | 260 | 00 | 325 | 185.0 | 150.0 | 1255 | 3100 | 640 | 00 | 0.0 | 9150
2003 | 6.0 58.5 385 | 400 | 24.0 - 366.1 | 279.0 | 1451 | 1516 | 0.0 | 23 | 11111
2004 | 18.45 2.13 155 | 5393 | 953 | 9595 | 408.57 | 261.07 | 174.01 | 63.01 | 51.10 | 12.85 | 1152.15
2005 | 4449 | 2311 | 26.16 | 17.90 | 28.95 | 272.26 | 388.86 | 158.86 | 69.03 | 117.63 | 0.09 | 1.67 | 1149.01
2006 | 0.00 0.00 311 | 12.64 | 86.68 | 113.20 | 505.72 | 316.06 | 339.51 | 9.80 | 3.73 | 0.00 | 1390.45
2007 | 0.00 58.69 | 35.76 | 21.08 | 25.33 | 139.60 | 666.30 | 416.85 | 363.93 | 43.63 | 1.57 | 0.00 | 1772.74
2008 | 16.44 196 | 627 | 6.78 | 37.26 | 180.58 | 422.25 | 275.33 | 198.31 | 27.64 | 0.00 | 0.00 | 1172.82
2009 | 0.00 0.26 581 | 0.19 | 105.82 | 78.32 | 232.20 | 370.39 | 429.16 | 68.56 | 11.31 | 0.98 | 1303.00
2010 | 059 1964 | 7.62 | 38.24 | 93.72 | 146.68 | 157.31 | 198.97 | 239.75 | 78.76 | 5.26 | 40.53 | 1027.07
2011 | 0.00 160 | 18.25 | 12.81 | 102.58 | 294.61 | 174.35 | 44543 | 214.88 | 30.35 | 0.69 | 0.00 | 129555
2012 | 1845 2.13 155 | 53.93 | 9.53 | 95.95 | 408.57 | 261.07 | 174.01 | 63.01 | 51.10 | 12.85 | 1152.15
2013 | 0.07 1762 | 0.79 | 15.24 | 105.51 | 176.77 | 170.14 | 276.70 | 135.76 | 304.46 | 0.00 | 0.00 | 1203.06
2014 | 9.27 35.71 | 2121 | 816 | 62.77 | 112.58 | 283.73 | 223.38 | 214.48 | 30.30 | 0.00 | 0.00 | 1001.59
2015 | 12.06 333 | 26.71 | 4573 | 32.91 | 162.96 | 385.21 | 239.38 | 71.34 | 1562 | 0.00 | 0.61 | 995.86
2016 | 6.16 1759 | 1.73 | 1.33 | 73.90 | 197.34 | 248.86 | 395.33 | 424.81 | 30.45 | 0.00 | 0.00 | 1397.50
2017 | 5.12 0.00 | 34.96 | 59.80 | 81.01 | 141.66 | 502.58 | 168.84 | 111.95 | 274.18 | 0.64 | 4.12 | 1384.95
2018 | 0.00 006 | 290 |159.52 | 31.22 | 202.84 | 344.59 | 211.91 | 153.63 | 16.31 | 0.04 | 20.99 | 1144.01
2019 | 0.00 2518 | 7.24 | 46.99 | 109.43 | 109.11 | 292.02 | 234.65 | 327.95 | 199.63 | 0.10 | 5.13 | 1357.43
2020 | 21.14 594 | 7496 | 27.94 | 71.32 | 218.12 | 187.01 | 258.74 | 196.87 | 52.23 | 1.23 | 0.00 | 1115.50

JOB NO - 200422005

Page 61




Annexure - IV

Rainfall Data (in mm) At Dhansar (Rescue station) Observatory Station

State Sec Deptt of Coord, BCCL

Year | January | February | March | April May June July | August | Sep Oct Nov | Dec | Annual
2005 | 34.20 2280 | 41.80 | 32.20 | 33.00 | 193.00 | 542.00 | 107.80 | 185.60 | 39.20 | 0.00 | 2.00 | 1233.60
2006 | 0.00 0.00 34.40 | 33.80 | 87.60 | 214.20 | 477.70 | 246.30 | 172.00 | 0.00 | 1.00 | 0.00 | 1267.00
2007 | 0.00 2200 | 37.80 | 0.00 | 78.70 | 167.20 | 545.00 | 426.40 | 351.40 | 52.00 | 0.00 | 0.00 | 1680.50
2008 | 5.80 4.80 17.80 | 18.40 | 18.00 | 216.10 | 433.48 | 183.80 | 297.80 | 85.80 | 0.00 | 0.00 | 1281.78
2009 | 0.00 0.00 160 | 220 | 112.00 | 72.80 | 269.20 | 192.80 | 333.00 | 98.20 | 10.20 | 0.00 | 1092.00
2010 | 0.00 12.20 760 | 920 | 64.30 | 206.20 | 199.40 | 212.60 | 230.10 | 45.30 | 3.4 —- | 991.90
2011 | 7.60 0.00 18.0 | 11.40 | 121.60 | 344.20 | 163.40 | 452.0 | 3740 | 41.80 | 0.00 | 0.00 | 1534.20
2012 | 176 13.4 1.0 9.0 6.60 52.0 | 328.20 | 315.10 | 367.70 | 11.60 | 61.60 | 18.0 | 1201.80
2013 0.0 32.0 3.0 | 33.90 | 190.40 | 244.20 | 192.80 | 364.40 | 304.70 | 233.60 | 0.0 0.0 | 1599.0
2014 | 1240 36.80 | 21.80 | 260 | 79.80 | 217.60 | 305.30 | 315.60 | 178.0 | 6.40 0.0 0.0 | 1176.0
2015 | 23.80 0.0 6.20 | 76.20 | 35.80 | 122.10 | 407.60 | 244.40 | 145.20 | 25.60 | 0.0 | 6.20 | 1093.10
2016 3.0 20.60 5.50 0.0 99.40 | 181.60 | 248.80 | 456.70 | 443.60 | 50.40 | 0.0 0.0 | 1509.60
2017 | 8.80 0.0 3.80 | 17.90 | 33.20 | 120.0 | 533.40 | 284.70 | 247.40 | 207.70 | 3.40 | 0.0 | 1460.30
2018 0.0 0.0 0.0 | 10290 | 76.30 | 270.60 | 382.30 | 338.80 | 159.50 | 38.90 | 2.40 | 37.90 | 1346.60
2019 0.0 4960 | 10.20 | 54.20 | 132.0 | 188.0 | 319.10 | 343.60 | 403.10 | 156.40 | 3.20 | 10.80 | 1667.00
2020 | 22.0 7.60 77.80 | 76.80 | 86.20 | 214.10 | 296.80 | 351.40 | 214.0 | 92.0 0.0 0.0 | 1438.70
2021 | 0.00 0.00 21.8 12 1574 | 295 | 3822 | 1302 | 4518 | 285 | 544 | 43 1832.8
2022 | 12.8 85.8 0 0 61.8 | 130.2 | 104.6 | 3501 | 1722 | 64.4 0 3 984.9
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Location of Hydrograph Stations (Dug Wells)

Annexure -V

Well Latitude Longitude Well No | Latitude Longitude
No
A-3 23%47'53.35" N 86°19'55.14" E B-62A | 23°45'44.15"N 86°11'27.80" E
A-12 23%48'20.31" N 86°16'51.64" E B-64 23%48'45.58" N 86°18'31.03" E
A-16 23%46'57.00" N 86%21'38.57" E B-65A | 23°49'5.12"N 86°18'15.77" E
A-17 23%45'09.44" N 86%22'16.35" E B-67 23%43'30.70" N 86°14'01.45"E
D-3 23%46'46.31" N 86%24'49.30" E
A-19 23%40'50" N 86%24'14" E D-4 23%44'29.37" N 86%24'42.88" E
A-20 23%45'26.63" N 86%20'42.86" E D-5 23%42'39.06" N 86%24'47.95" E
A-21 23%44'58" N 86°18'38" E D-7 23%43'12.08" N 86%27'11.89" E
D-8 23%44'06.13" N 86°27'20.72" E
A-23 23%45'6" N 86%15'22" E
A-24 23%45'20.44" N 86°13'45.12" E D-25 23%47'12.03"N 86%23'14.08" E
A-25 23°47'06.20" N 86%15'27.79"E D-30 23%48'36.10" N 86°21'50.07" E
A-26 23°46'49.24" N 86°18'12.12"E D-33 23%45'34.62" N 86°23'18.50" E
A-27 23%°48'42.55" N 86°20'21.80" E D-34 23%47'1.88"N 86°23'39.62" E
A-28A | 23°47'34.74"N 86°18'04.18" E D-35 23%40'46.54" N 86%25'46.33" E
A-29 23°47'08.02" N 86°16'02.72" E D-36 23%40'19.26" N 86°25'18.98" E
A-32 23°44'15.56" N 86°20'43.80" E D-39 23%43'28.50" N 86°26'0.10" E
A-33 23%44'32.58" N 86°16'58.28" E
A-34 | 23%425863'N | 86"1519.31"E | D-41 | 23%240.00'N | 86726'17.20"E
B-1 23%48'48.06" N 86°14'16.87" E | |
B-14 23%48'00.81" N 86°16'25.88" E 23%45'20.59" N 86°24'34.86" E
23%46'06.92" N 86°08'59.30" E 23%44'08.96" N 86°26'32.71" E
23%44'13.05" N 86°11'46.56" E
23%44'26.80" N 86°13'09.38" E D-74 23%41'33.66" N 86°25'06.10" E
D-77 23%41'00.74" N 86°22'25.55" E
B-32A | 23%45'49.18" N 86°13'03.64" E D-80 23%46'09.46" N 86°24'33.08" E
B-48 23%43'35.04" N 86°16'38.78" E DB-22 | 23%42'49.79"N 86%45'9.97" E
B-51 23%46'58.55" N 86°09'22.18" E DB-23 | 23°4343.03"N 86%45'04.97" E
B-53 23%45'55.25" N 86°09'35.44" E
B-59 23%47'59.87" N 86°13'37.97"E
23%48'7.87"N 86015'37.12" E

These wells (red color) will be excluded from next assessment year.
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Details of Hydrograph Stations (Dug Wells)

Annexure - VA

Lohapati

0.26

3.60

10.85

Raniganj

Well Location M.P. Well Well Formation Owner Utility
No (agl)in | Diain | Depth
m m (m
bmp)
A-3 Sijua 0.53 3.00 5.20 | Barakar Govt. Domestic
A-12 Jamua 0.80 1.90 3.30 | Barakar Govt. Domestic
A-16 Ekra, Kalali 0.45 3.10 6.50 | Barakar Govt. Domestic
A-17 Kachi Balihari 0.56 1.60 5.30 | Barakar Govt. Domestic
[A18  [Bhagabandh [ 061 [ 145 337 'Barakar  [Govt  |Domesic |
A-19 Bhaura 0.54 3.15 11.65 | Barakar Govt. Domestic
A-20 Gorbhudih 043 3.30 8.30 | BM Govt. Domestic
[A22 [Nagdah,Niche [ 000 | 140 [ 950 'Raniganj ~  Govt  [lrigaon |

A-23 Machhyara 043 1.85 12.40 | Ranigan; Govt Domestic
A-24 Pipra Tanr 0.22 1.80 19.55 | Ranigan; Govt Domestic
A-25 Sinidih 0.22 2.00 11.30 | Barakar Govt Domestic
A-26 Pasitanr 0.32 1.80 9.65 | Barakar Govt Domestic
A-27 Chandor 0.60 2.50 550 | Barakar Govt Domestic
A-28A | Lakarka 6 no. 0.65 1.30 525 | Barakar BCCL Domestic
A-29 Aambagan 0.10 2.60 9.15 | Barakar Govt Domestic
A-32 Baludih 0.55 2.30 6.85 | BM Govt Domestic
A-33 Mahuda 0.75 2.00 10.80 | BM BCCL Domestic
A-34 Bhatdih 0.55 3.50 2450 | Ranigan; BCCL Domestic
B-1 Muraidih 047 1.80 5.35 | Talchir Govt Domestic
B-14 Mathadih 0.76 2.15 3.75 | Barakar Govt Domestic
B-15 Bera Basti 0.55 1.60 2.50 | Talchir Dhanu Roy | Domestic

Govt

Domestic

B-24 Telmuchu 0.67 4.35 10.83 | Ranigan; Govt Domestic
Madhuband 0.80 4.30 8.60 | Barakar BCCL Domestic
B-48 Mahuda 0.65 2.10 11.50 | Ranigan; Mosque Domestic
B-51 Taranga 0.00 2.50 5.75 | Metamorphics | Bisun Irrigation
B-53 Karmatanr 0.58 2.70 13.25 | Barakar Govt Domestic
B-59 Khodovaly 0.60 240 9.30 | Barakar BCCL Domestic
B-60 Bahiyardih 0.77 3.00 15.60 | Barakar BCCL Domestic
B-62A | Sadariyadih 0.15 3.10 9.50 | Barakar Govt Domestic
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Annexure - VA
Details of Hydrograph Stations (Dug Wells)

Well Location M.P. Well Well Formation Owner Utility
No (agl)in | Diain | Depth
m m (m

bmp)
B-64 Keshalpur 0.65 1.10 3.40 Barakar BCCL Domestic
B-65A | Jhinjipahari 0.95 2.20 12.40 | Barakar Shiv Temple | Domestic
B-67 Simatanr 0.55 2.20 11.80 | Ranigan; Govt Domestic
D-3 Dhansar 0.60 1.70 8.70 Barakar Govt Domestic
D4 Jharia 0.59 1.90 573 Barakar Govt Domestic
D-5 Jiyalgora 0.70 2.80 10.55 | Barakar Govt Domestic
D-7 Golden Pahari | 0.67 2.85 10.05 | Barakar BCCL Domestic
D-8 Alokdiha 0.35 1.75 7.57 Metamorphics | BCCL Domestic
D-25 Godhar More 0.60 2.75 5.60 Barakar Govt ‘ Domestic
D-30 Borkiboa 0.70 2.00 5.60 Talchir H.Kumbhakar | Domestic
D-33 Kustore-4 0.55 1.85 345 Barakar BCCL Domestic
D-34 Kusunda-7 0.60 1.50 345 Barakar BCCL Domestic
D-35 Patherdih 040 2.00 11.20 | Barakar BCCL Domestic
D-36 Sudamdih 0.90 2.00 6.20 Barakar BCCL Domestic
D-39 Tilabani 0.85 2.00 5.90 Barakar BCCL Domestic

| 1% [ar0 |
D43 [Aegdh (045 [220 890 [Welmopics |Govi | Domestc

Parastanr . . . Barakar Domestic

Goluckdih ) ) ) Barakar Domestic

D-74 Bhulan Barari | 0.10 1.60 12.80 | Barakar Govt Domestic
D-77 Rohoniatanr 0.40 3.15 6.70 Barakar Govt Domestic
D-80 Bastacolla 0.70 2.50 24,95 | Barakar Govt Domestic
DB-22 | Nichebasti 0.67 240 10.65 | Barakar Govt Domestic
DB-23 | Dahibari OC 0.70 2.30 8.00 Barakar BCCL Domestic
These wells (red color) will be excluded from next assessment year.
MP: Measuring Point R.L.: Reduced Level W.L.: Water Level m: Meter
Abn.: Abandoned b.g.l.: Below Ground Level a.g.l.: Above Ground Level
G.L.: Ground Level bmp: Below Measuring Point BM: Barren Measure
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Annexure - VB
Historical Water Level data of Hydrograph Stations

Well Water level below ground level (bgl) in meters

No | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov
15 | 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22

A3 | 370|342 | 487 | 047 | 067 | 0.77 | 1.27 | 047 | 347 | 047 | 157 | 047 | 0.62 | 0.05 | 0.42 | 0.29
A-12 | 3.00 268 | 250 | 0.70 | 255 | 0.85| 280 | 1.0 | 210 | 045 | 2,60 | 0.50 | 1.92 | 110 | 15 | 0.67
A-16 | 555|417 | 585 | 315 | 365 | 220 | 430 | 3.65| 545 | 195 | 715 | 1.75| 345 | 200 | 58 | 3.08
A17 | 379 | 264 | 244 | 269 | 244 | 224 | 334 | 284 | 294 | 224 | 214 | 169 | 3.36 | 2.37 | 2.62 | 2.59

A19 | 305|275 | 7.81 | 411 | 6.37 | 245 | 555 | 245 | 485 | 343 | 6.05 | 325 | 3.30 | 1.90 | 4.1 | 254
A20 | 459|293 | 749 | 350 | 427 | 1.77 | 457 | 257 | 457 | 1.82 | 847 | 387 | 547 | 2.02 | 559 | 3.54

A-23 | 113|937 | 11.87 | 813 | 6.40 | 150 | 11.15 | 7.7 | 11.97 | 3.77 | 892 | 562 | 9.52 | 2.82 | 7.97 | 4.79
A24 | 172 | 145 | 16.62 | 12.43 | 11.87 | 6.97 | 14.58 | 6.88 | 15.88 | 2.48 | *4.88 | 4.28 | 10.13 | 2.78 | 7.28 | 4.33
A25 | 7.78 | 585 | 743 | 458 | 6.38 | 2.88 | 6.63 |3.13 | 6.08 | 1.93 | 298 | 1.83 | 578 | 243 | 3.31 | 2.08
A26 | 7.73 |3.18 | 893 | 448 | 528 | 253 | 6.23 [3.88 | 6.58 | 3.33 | 6.98 | 318 | 6.70 | 2.73 | 6.42 | 4.31
A-27 | 440|395 | 485 | 1.80 | 290 | 1.25| 290 | 1.0 | 240 | 092 | 240 | 1.10 | 1.67 | 0.90 | 1.90 | 1.33
A28A | 435 | 3.60 | 3.35 | 147 | 430 | 155 | 415 | 251 | 245 | 315 | 400 | 3.03 | 6.23 | 3.75 | 4.23 | 3.30
A29 | 455|460 | 592 | 6.96 | 440 | 130 | 6.45 | 210 | 485 | 340 | 6.20 | 3.20 | 6.49 | 590 | 460 | 1.15
A-32 | 441|213 | 475 | 210 | 315 | 155 | 280 [ 0.70 | 275 | 0.95 | 190 | 1.75| 235 | 0.96 | 2.25 | 1.75
A-33 | 491197 | 575 | 260 | 6.45 | 155 | 4.07 | 235 | 3.65 | 1.25 | 455 | 1.85| 2.85 | 0.85 | 3.50 | 2.05
A-34 | 840 | 481 | 475 | 445 | 1245 | 445 | 590 | 3.70 | 6.35 | 3.95 | 835 | 345| 520 | 3.55 | 820 | 6.35
B-1 328 |275| 358 | 1.93 | 233 | 0.85| 2.88 (208 | 3.18 | 1.73 | 328 | 1.63 | 258 | 1.91 | 2.10 | 1.81
B-14 | 294 | 229 | 244 | 047 | 294 | 184 | 364 | 284 | 224 | 094 | 244 | 1.04 | 2.84 | 204 | 3.24 | 2.60
B-15 | 1.50 | 0.45 | 1.85 | 0.55 | 4.85 | 0.15| 1.85 | 0.85 | 1.90 | 1.65 | 3.70 | 1.47 | 146 | 0.35| 3.67 | 1.02

B-23 | 7.86 | 429 | 6.81 | 241 | 7.74 | 214 | 664 | 214 | 284 | 1.34 | 324 |1.76 | 412 | 144 | 298 | 1.73
B-24 | 10.0 | 5.78 | 10.63 | 4.28 | 10.03 | 4.03 | 9.28 | 4.33 | 4.58 | 2.33 | 548 | 3.53 | 568 | 2.08 | 553 | 3.46

B32A | 7.55 | 3.32 | 6.95 | 3.07 | 6.95 | 280 | 6.75 | 3.90 | 555 | 1.70 | 3.30 |2.00 | 7.23 | 6.05 | 4.15 | 2.56
B-48 | 7.90 | 542 | 935 | 460 | 7.70 | 4.15| 7.33 | 397 | 7.05 | 435 | 820 (3.85| 7.23 | 6.05| 6.85 | 6.25
B-51 | 465|340 | 490 | 3.18 | 498 | 255 | 502 | 242 | 510 | 270 | 500 |210| 570 | 1.0 | 5.06 | 4.57
B-53 | 558 | 282 | 470 | 145 | 4.02 | 192 | 392 | 142 | 322 | 142 | 312 | 140 | 4.85 | 1.87 | 442 | 3.54
B-59 | 4.12 {160 | 440 | 050 | 540 | 060 | 547 | 1.10 | 6.20 | 0.90 | 525 |1.40 | 549 | 0.90 | 4.50 | 1.14
B-60 | 9.21 | 5.28 | 10.33 | 5.03 | 13.23 | 3.18 | 13.68 | 4.23 | 8.13 | 3.23 | 10.33 | 3.21 | 11.26 | 2.23 | 10.53 | 5.80

B62A | 9.10 | 521 | 9.30 | 4.95 | 815 |4.35| 827 478 | 7.55 | 3.25 | 6.95 | 3.00 | 6.87 | 450 | 6.45 | 4.91
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Annexure - VB
Historical Water Level data of Hydrograph Stations

Well Water level below ground level (bgl) in meters

No | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov
15 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22
B-64 | 1.38 | 0.95| 235 | 055 | 1.25 | 0.85| 215 | 1.85| 095 | 045 | 185 | 0.50 | 2.35 | 0.95 | 1.00 | 0.60
B65A | 7.82 | 587 | 715 | 2.68 | 9.05 | 1.25| 10.03 | 240 | 11.05 | 0.95 | 925 | 230 | 9.03 | 1.42 | 745 | 2.27
B-67 | 9.23 | 553 | 953 |4.30 | 10.00 | 215 | 955 | 4.0 | 857 | 435 | 755 | 395 | 895 |295| 850 | 6.30
D-3 425 | 225| 235|190 | 215 | 230 | 343 |245| 1.75 | 130 | 540 |1.38 | 341 | 085 | 596 | 1.32
D-4 241 | 127 | 121 | 136 | 1.21 | 146 | 1.91 | 156 | 2.81 | 1.71 | 341 | 141 | 301 | 116 | 1.71 | 1.55
D-5 9.37 | 833 | 940 | 640 | 790 | 520 | 7.80 | 530 | 825 | 485 | 860 |7.70 | 7.28 | 400 | 840 | 7.01
D-7 825 | 561 | 753 | 4.03| 7.33 | 288 | 753 |283| 823 | 3.28 | 7.33 | 513 | 6.08 | 263 | 9.03 | 5.67
D-8 6.24 | 438 | 8.00 | 343 | 515 | 1.85| 565 |1.85| 4.80 | 285 | 583 | 275 | 455 | 227 | 6.32 | 542

D-25 | 448 | 245| 240 | 190 | 240 | 1.20 | 2.60 | 2.40 | *9.90 | *5.38 | 10.50 | 5.62 | 10.50 | 3.80 | 11.90 | 4.70
D-30 | 455 | 315 | 445 [ 320 | 440 | 1.25| 458 | 110 | 460 | 0.75 | 450 | 135 | 423 | 0.84 | 437 | 2.29
D-33 | 225 | 110 | 250 [ 195| 0.75 | 0.75| 2.85 | 095 | 235 | 1.65 | 365 |145| 175 | 085 | 120 | 0.65
D-34 | 255 | 145| 2.30 [ 0.30 | 0.80 | 0.55 | 2.80 | 0.45| 4.75 | 240 | 3.30 | 2.80 | 3.78 | 290 | 5.00 | 3.15
D-35 | 9.80 | 7.90 | 952 | 645 | 8.80 | 3.60 | 840 |4.45| 800 | 3.80 | 8.20 | 540 | 6.60 | 290 | 6.10 | 4.68
D-36 | 166 | 113 | 0.78 [0.95| 1.30 | 0.70 | 1.20 [ 0.60 | 1.20 | 0.55 | 210 [1.00 | 202 | 0.55 | 3.25 | 0.6

D-39 | 5.00 | 261 | 218 265 | 617 | 475 | 4.95 | 4.35| *12.60 | *5.95 | 9.40 | 6.05 | 10.70 | 510 | 7.50 | 3.05

|
D45 [ 681 [505] 820 [935 750 980 7.5 345 735 [ 270 [ 680 [285 [ 455

3.60
2.35

D-77 | 644 | 560 | 460 | 290 | 650 | 490 | 6.30 | 520 | 640 | 3.20 | 6.40 | 3.50 | 5.98 | 4.69 | 6.50 | 4.70
D-80 | 10.97 | 3.35| 6.55 | 415 | 8.65 | 3.70 | 9.35 | 420 | 500 | 3.05 | 430 | 4.90 | 7.10 | 255 | 3.30 | 3.08
RCF | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov | May | Nov
(part) | 15 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22

DB22 | 459 |3.53 | 538 | 333 | 1.93 | 163 | 234 | 193 | 493| 163 | 263|225 | 231 | 138 | 1.73 | 1.63

DB23 | 3.38 | 6.04 | 530 | 090 | 2.05 | 190 | 285 | 1.75| 1.60 | 0.80 | 2.50 | 1.95 | 200 | 1.10 | 2.68 | 2.20

These wells (red color) will be excluded from next assessment year.
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Annexure - VI
HYDROGRAPHS OF CLUSTER-II

Pre and Post--Monsoon Water Level Trends

Station: Bahiyardih (Barora Area), Well No: B-60, Dist: Dhanbad,
0 Jharkhand
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Pre and Post--Monsoon Water Level Trends
Station: Sadiyardih (Barora Area), Well No: B-62A, Dist: Dhanbad,

Jharkhand
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GROUNDWATER SAMPLE LOCATION DETAILS

Sampling month: June month of the assessment year of 2021-22

Annexure - VII

Sl Name of Ground Dug well . Sampling Date
No Cluster Water | ~mppi) Location Mav-June’2022
Sample y-June

1 CLUSTER- GW-1 B-15 BERA VILLAGE 25.05.2022

2 CLUSTER-II GW-2 B-59 KHODOVALY VILLAGE 25.05.2022

3 CLUSTER-III GW-3 A-29 GOVINDPUR,AMBAGAN VILLAGE 26.05.2022

4 CLUSTER-IV GW-4 B-64 KESHALPUR, BATIGHAR 26.05.2022

5 CLUSTER-V GW-5 D-30 BORKIBOA VILLAGE 26.05.2022

6 CLUSTER-VI GW-6 D-25 GODHUR MORE 27.05.2022

7 CLUSTER-VII GW-7 D-80 DHANSAR MINE RESCUE STN. 27.05.2022

8 CLUSTER-VIII GW-8 D-49 NEAR GHANOODIH OC 27.05.2022

9 CLUSTER-IX GW-9 D-5 JEALGORA, NEAR P.O. 28.05.2022
10 CLUSTER-X GW-10 D-35 PATHERDIH RLY. COLONY 28.05.2022
11 CLUSTER-XI GW-11 A-32 MONNIDIH BAZAR 28.05.2022
12 CLUSTER-XIII GW-13 A-23 MACHHAYARA 28.05.2022
13 CLUSTER-XIV GW-14 B-23 LOHAPATTI VILLAGE 28.05.2022
14 CLUSTER-XV GW-15 B-32A MADHUBAND VILLAGE 25.05.2022
15 CLUSTER-XVI GW-16 DB-22 DAHIBARI,NICHE BASTI 17.06.2022
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WATER QUALITY

(GROUND WATER- ALL PARAMETERS)

S. Parameter Sampling Stations Detection 1S:10500 Standard / Test Method
No GW1 GW2 GW3 Limit D\Ix/ nking
25.05.2022 25.05.2022 26.05.2022 ater
Standard
S
1 APHA, 23rd  Edition ,2120-c-
Colour, Hazen unit 2 2 1 1 5 Spectrophotometric Single
Wavelength Method ,2017
2 IS 3025, (Part 40): 1991
Calcium, mg/1 38 52 50 2 75 R:2019,AAS-Flame  Method &
EDTA Method
3 ) IS-3025(Part 32):1988, R-2019 ,
Chlorides, mg/1 24 28 26 5 250 Argentometric Method
4 . APHA, 23rd Edition, SPADNS
Fluoride, mg/1 0.64 0.72 0.56 0.2 1 Method
5 IS 3025 (Part 53) : 2003, R: 2019,
Iron, mg/1 <0.2 <0.2 <0.2 0.2 1 AAS-Flame Method
6 IS 3025 (Part 59) : 2006, R : 2019,
Manganese <0.02 <0.02 <0.02 0.02 0.1 AAS-Flame Method
7 X APHA, 23rd Edition, uv-
.64
Nitrate , mg/1 6.6 532 10.44 0.5 45 Spectrophotometric Method
8 Odour Agreeable Agreeable Agreeable Qualitative Agreeeab' APHA, 23rd Edition,, 2150-C
9 IS 3025, Part 11 : 1983 R 2017
.1 i : . .5-8.
pH value 813 8.07 8.20 01 6.5-85 Electrometric( pH Meter) Method
10 APHA -23rd Edition, 4500 S ,
Sulphate, mg/1 48 52 42 10 200 Turbidity Method
11 o Acceptabl L
Taste Acceptable Acceptable Acceptable Qualitative o APHA,23rd Edition, 2160-C
12 .. IS 3025, Part 23: 1986 R 2019
Total Alkalinity (caco3), mg/l, Max 108 136 141 4 200 Titration Method
13 Total Dissolved Solids, mg/] 250 262 244 25 500 IS 3025, Part 16: 1984 R 2017
Gravimetric method
14 Total Hardness, mg/l 206 215 204 4 200 IS 3025, (Part 21): 2019 EDTA
Method
15 IS 3025, (Part 10):1984, R-2017
Turbidity, NTU 1 1 1 0.1 1 Nephelometric/Turbiditimetric
Method
16 ) IS 3025(Part 49) : 1994,R:2019,
Zinc, mg/l <01 <01 <01 01 5 AAS-Flame Method
oron (as B), mg/l, Max <0. <0. <0. . . , 23r ition ,Carmine
17 B B), mg/l, M 0.2 0.2 0.2 0.2 05 APHA, 23rd Edition ,Carmi
18 IS 3025 Part 42:1992 R : 2019,
Copper (as Cu), mg/l, Max <0.03 <0.03 <0.03 0.01 0.05 AAS-Flame APHA, 23rd Edition,
AAS-GTA
19 . . . APHA, 23rd Edition,, 4500-Cl- B.
Free Residual Chlorine, mg/l, Min <0.04 <0.04 <0.04 0.04 0.2 (lodometric Method-1)
20 1S:3025(Part 47):1994
Lead (as Pb), mg/], Max <0.005 <0.005 <0.005 0.005 0.01 (Reaffirmed 2019) APHA, 23rd
Edition, AAS-GTA
21 Phenolic compounds APHA, 22nd Edition,4-Amino
(as C6H50H), me/], Max <0.001 <0.001 <0.001 0.001 0.002 Autipyrine
22 ) APHA 23rd Edition 1S-3025,part
Selenium, mg/1, Max <0.007 <0.007 <0.007 0.007 0.01 56:2003, R-2019/, AAS-VGA
23 . 1S-3025,part 37:1988, R-2019/
Total Arsenic (as As), mg/l, Max <0.006 <0.006 <0.006 0.006 0.01 APHA 23rd Edition AAS-VGA
24 [S-3025 Part 52:2003, R:2019,AAS-
Total Chromium (as Cr), mg/l, Max <0.04 <0.04 <0.04 0.01 0.05 Flame APHA, 23rd Edition, AAS-
GTA
25 1S 3025 Part 54:2003,R: 2019,
Nickel as Ni, mg/l Max <0.01 <0.01 <0.01 0.005 0.02 AAS-Flame APHA, 23rd Edition,
AAS-GTA
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Abbreviations

Abn.: Abandoned

AMSL: Above mean sea level

Avg.: Average

APT: Aquifer Pumping Test

BCCL: Bharat Coking Coal Ltd.

bgl: Below Ground Level

Buffer zone: periphery of the 10 km radius from the project boundary
Core zone: Project / mine / colliery boundary (leasehold area)
CMPDI: Central Mine Plan & Design Institute

DVC: Damodar Valley Corporation

DTW: Depth to water level

GW: Groundwater

IMD: Indian Meteorological Division

JCF: Jharia Coalfield

RCF: Raniganj Coalfield

MADA: Mineral Area Development Authority

MCM: Million Cubic Meter

MGD: Million Gallon per day

NTU: Nephlometric Turbidity unit

OC / UG: Opencast / Underground

OCP / UGP: Opencast Project / Underground Project
RL: Reduced Level

RWH: Rainwater Harvesting

FF: Fire Fighting
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GROUNDWATER MONITORING STATION LOCATION MAP

N

+ T
_|_

5.0 km

SCALE

2.5km
|

_I_

LUSTER X

_|_
_|_

; g g
n +
s T |
T+ o+ A
=+ + + -
+ L+ " ‘temmm T+ 4
-+ + 4+ & + /. + V —
+ { T 37 . CLUSTER Vi _ | CLUSTER-XVI|7
T~ = N
_|_ + Khu Ia Ri lV';f\U éif‘?zv SNEAh /'/\1 | + _|_ + \/‘
®438%s fg,;fg‘,4} [ LI & CLUSTER VI Dhanbad (6 2b \—‘
_|_ 251, 7 » 115,9;, . \/>
£ 4284 43, . 22 .
+ 4 + 4+ 5 Z g
+ m\‘\ Y CLUSTER Vil \%Q’ﬁ/., g
+ + cHnVgin ‘ e —+ \"o/ ;,?
QM + (L
-I— 7 5 Ny 19%.06 Zpwwsw .
5k { 4 e | INDEX 25°45'
+ + s \/.:’/ \\ + e GEOLOGICAL BOUNDARY
en10 ) & & - /"= CLUSTER BOUNDARY
- _|_ —|— o b o ) t g COLLIERY BOUNDARY
_|_ —I_ :N:Hum Eg,&z% 1“ A\ 2 IHARIA o e [2525cy]  PROPOSED MINES
iy 7.5 Pi0A D4
+ _|_ " f‘:?:‘;?é ~ o788 L —|— NON-BCCL MINES
3 & o o METAMORPHIC TERRAIN
EICZZ:\ : f‘:& . S~
CLUSTER Xill S8 = ST \eos k. it —|— + :| SEDIMENTARY TERRAIN
CLUSTER X DI A | }‘ 0l 7 CMPDI WELL
N 168.96
+ JHARIA COALFIELD cows WELL
_|_ RIVER/NALA/JORE
23°40'

Customer

Bharat Coking Coal Limited

FIGURE NO - 1

Job Ti

Subje

tle

Cluster of mines, BCCL

Groundwater Level Monitoring Report for

Job No.

Name

Groundwater Monitoring [Fe

““Station Location Map

86°20"
86°25°

Sheet

ors. No. (1] EERI] [ rev-noo




GROUNDWATER QUALITY MONITORING STATION LOCATION MAP
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- - GPS Map

Baghmara Cum Katras, Dhanbad, 828306, JH, India

Latitude Longitude

23 8085N

86.2B75E

5 Alt

Baghmara Cum Katras, Dhanbad, 8

Latitude Longitude

23.8088N 86.2882E

Local 10:58:54 AM Altitude 211.6 meters
GMT 05:28:54 AM Monda Y.

Rain Water Harvesting Structure at CISF Campus , New Akashkinaree Colliery
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Cluster-I1

Bharat Coking Coal Limited

As per EC condition ( Specific Condition : 27) The Details of transportation, CSR, R&R and
implementation of environmental action plan for the clusters-1l should be brought out in a booklet form
within ayear and regularly updated.
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CSR Booklet

1.0INTRODUCTION

Coal India has adopted CSR as a strategic tool for sustainable growth. For Coal India in the
present context, CSR means not only investment of funds for Social Activity but also Integration of
Business processes with Social processes. Even much before the issue of CSR became global concern;
Coal India was aware of its Corporate Social Responsibility and was fulfilling the aspiration of the
Society through well-defined “Community Development Policy” within the periphery of 8 Kms. of the
Project sites. This has resulted into a harmonious relationship between Coal India and the peripheral
Communities. Coal India has identified land outsee, PAP and those staying within the radius of 25 Kms
of the Project as primary beneficiaries. Poor and needy section of the society living in different parts of
India is second beneficiaries. For carrying out CSR activities, 80% of the budgeted amount are be spent
within the radius of 25 Km of the Project Site/Mines/Area HQ/Company HQ and 20% of the budget to be
spent within the States in which operating.

2.0 SCOPE

As per Schedule VII of New Companies Act 2013 the following should be the Scope of Activities
under Corporate Social Activities:

1) Eradicating hunger, poverty and malnutrition, promoting healthcare including preventive health
care and sanitation and making available safe drinking water.

2) Promoting education, including special education and employment enhancing vocation skills
especially among children, women, ederly, and differently able and livelihood enhancement
projects.

3) Promoting gender equality, empowering women, setting up homes and hostels for women and
orphans, setting up old age homes, day care centers and such other facilities for senior citizens
and measures for reducing inequalities faced by socially and economically backward groups.

4) Ensuring environmental sustainability, ecological balance, protection of Floraand Fauna, animal
welfare, agro-forestry, conservation of natural resources and maintaining quality of soil, air and

water.

5) Protection of national heritage, art and culture including restoration of buildings and sites of
historical importance and works of art; setting up public libraries, promotion and development of
traditional arts and handicrafts.

6) Measures for the benefit of armed forces veterans, war widows and their dependents

7) Training to promote rural sports, nationally recognized sports, Paralympics sports and Olympic
Sports.

8) Contribution to the Prime Minister’s National Relief Fund or any other fund set up by the Central
Government for socio-economic development and relief and welfare of the Scheduled Castes, the
Scheduled Tribes, other backward classes, minorities and women.

9) Contributions or funds provided to technology incubators located within academic institutions
which are approved by the Central Government.

10) Rural development projects.

3.0 SOURCE OF FUND

The fund for the CSR should be allocated based on 2% of the average net profit of the Company
for the three immediate preceding financial years or Rs. 2.00 per tonne of Coal Production of previous
year whichever is higher.
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4.0 ACTION PLAN FOR CORPORATE SOCIAL RESPONSIBILITY
CSR activities are mainly taken at corporate level.

5.0STATUSOF CSR ACTIVITIES

5.1 Details of CSR expenditure made at M/sBCCL Levd:

FY Expenditure (In Cr.)
2020-21 6.21
2019-20 6.46
2018-19 1.43
2017-18 2.74

5.2 Details of Civil work ,Medical Camps, CSR Clinics & Awareness Programme under
taken at area level:

Civil work
S. | Details Award value | Remarks
N. (InLac)
1 | Construction of PCC road at Gonduadih 3.98 25.01.2015t0 24.03.2015 (60 days)

west under Mohanpur village (from
Khalil Mahto hometo Primary school).

2 | Condruction of Jangja shed at 3.15 15.10.2014 to 14.12.2014 (60 days)
Ramakunda west under Amtand village

3 | Congtruction of 1 no. chhathh ghat at 3.01 15.10.2014 to 14.12.2014 (60 days)
Muraidih colony, Hirak road river side

4 | Construction of Janaja shed at Muraidih 0.46 31.03.2014 t0 29.04.2014 (30 days)
colony near river of Hirak road

5 | PCC Road jhunu Rajwar House to 2.30 This is benefiting to approx. 200 families
Tarkeswar Gope House at Bakaspura in this locality by all-weather
Village L uti Pahari (Jhunu connectivity.

Tarkeshwar)Road Length:-

6 | Making PCC Path from Manoj Matha 1.85 This is benefiting to approx. 300 families
House to Sahabuddin Ansari house at in this locality by all-weather
Ghunghusa Village (Mahato connectivity
Shahbhuddin)

7 | Steps for Ghat at sarbandh near hirak 2.67 This will ease in peforming rituals by
chowk under B-11 Area local villages of Dumara ,harina & Bada

pandeydih.

8 | Cutting of earth from pond at 19.22 This is benefiting to approx 5000 persons

Chaudhary bandh at Harina Basti,under
B-Il Area

in this locality. This pond is used for
multipurpose like irrigation,water for

Cluster-II, BCCL
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households drinking water for animals
etc.it will also maintain the water leval in
locality.

9 | Drinking Water pipe line works in hadi 0.44 This is benefiting to approx. 150 families
basti at Bhamkanali. inthis locality

10 | Rep/Maint of Hand pump at Bara 0.26 This is benefiting to approx. 500 persons
pandeydih ( 08 Nos). inthis locality

11 | Development work at rehabilitation site 6.45 This is benefiting to approx. 500 persons
at Bhimkanali. inthis locality

12 | Construction of community hall at Bara 11.9 This is benefiting to approx. 1000
Pandeydih Village Under Block-Il Area personsin this locality

13 | Rep. Of Main road & Drain at 9.71 This is benefiting to approx. 1500
Bakashpura rehabilitation site. persons in this locality

14 | Engagement of tankers for drinking 19 This is benefiting to approx. 2000
water supply in nearby villages of B-II families in Viallages like Benidih
Area Baghmara, L uttipahadi, Harina,

Kessurgarh, Rathtand,
Nudkhurkee, Pinal garhia,Mandra.

15 | Engagement of departmental tankers | - This is benefiting to approx. 2000
for drinking water supply in nearby families in Viallages like Benidih
villages of B-11 Area as on need bais. Baghmara, Luttipahadi  Kessurgarh,

Madhuban Etc.
S.N.| Details Award value Remar
(InLac) ks
1 Construction and maintenance for 5 years 191.67 Thisis benefiting to approx. 7500
of toilets in Government schoolsin Gumla students
District under Swachh Vidyalaya Abhiyan.
125 toilets in 69 schools were
constructed.
2 Construction and maintenance for 5 years 1702.98 Thisis benefiting to approx. 10000
of toilets in Government schoolsin students
Bokaro District under Swachh Vidyalaya
Abhiyan. 179 toiletsin 181 schools were
constructed.

Cluster-II, BCCL
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Health: Medical Camps, CSR Clinics & Awar eness Programme:

Medical Camps Beneficiaries Amount (in Rs.)

2014-15 5144 58095.75

2015-16 3397 38352.13

2016-17 595 30320.00

2018-19 789 30320.00

2019-20 310 -

CSR Clinic:

Y ear 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21
Total no 1660 1301 1895 1293 1305 810 910
patients

SN Health Awar eness Programme Amount (in Rs)

1 Nasa Mukti Abhiyan 10000.00

2 Blood Pressure Detection 5000.00

4 Aids Awareness Programme 5000.00

5 Eye Checkup camp 25000.00

5.3 COVID Prevention related Activities (2020-21):

Type No of beneficiaries | Hand wash Mask

Hand wash and Mask Distribution 500 450 500

Blood sugar strips 124 NA NA

Cluster-II, BCCL
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6.0 COAL TRANSPORTATION PLAN: Cluster-11 consists of mines of Block-11
Areaand Barora Area

0-4 km

Fig: Coal transportation route
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7.0REHABILITATION AND RESETTLEMENT PLAN:

REHABILITATION AND RESETTLEMENT
POLICY OF COAL INDIA LTD 2012,

Praamble

The lecation and quality of coa! reseeves, and their dstance from major consumars
delermines to 3 great axtent the selection of mine sites. For reserves that are dose fo the
sutface, opencast mining has proven (o be the most efMciant mining mathod Opencast
rmnes require relatively large areas of land. Population growth, paricularty in Ingia's
easlem ragion, has made it Incraasiogly dificull for the subsidiary coal companes to
acquire the land they need for expanding their operations under the presant Reeattiemant
and Rebabilitation palcy 2008 of Coal India:

The resettienent and rebatilitatan policies fofowed by the subsdiary companies
have ovolyed cver time and undergons punelous changes in response o changing
greumslances. As and when the Cenleal or State Governments enact amendments to
the Land Asauistlion Act, iseue new guidelines for resettioment and rahabiltation, a5 per
Its requirement Cool india reviews and modfies |5 resoltlornent and rehabiiitation polcy
taking inte account fhe changing canditinns in coal producing areas

In sdction 0 compensation for land coal companies prowide Rehabii#ation and
Raseltiement (R&R) package far projest affected persons to compansate for joss of
livalitood  Apaet from compensation for house sile, house, lrees. cow shed, cost of
shifting et . employment is also provided to land oustees. In addition fo this, efforts are
mace 10 rohatilitate them by consinicton of houses, building roads, streets, achocis,
providing water &0, wharaver feasible = However, demand for both more kind
compenrsation and better RER package has been ralsed by project sffectad parsons and
has boon highlightad In varcus Padiamantary Committées. Coal Companies offen have
10 face tepresentations and agitations by these land oustees who obstiuct the smooth
working of existing mines ant conie in the way of expansicn of new progscis

in the pass, subsidianss found & ralatively sasy to acquira land, if they were able 1o
offer amployment  Partly because of thes practice, subsisianes have buill up a Brgely
nskilled labour force tayond their necds, This has contributed 1o tho hoavy losges and
many mines are (ncurring and has also affected their efficiency and viabity. The
subsidiaries may shll need 10 hwe paople |n salected Incations and contiue to give

reterance 10 those whose liveiihood wit ba affected by coal mining opsrations . Howaver,
ﬁnmmgly subsidiarios will need fo daveiop othar ways and moans 10 compensate fand
owners and othars adversely aflected by their projects and glve them the option to
choose which method of compensation bast suils thair noeds. Greater amphasis wil also
read to be given la community requirements like schoots, hospitals etc Oaly proper
resotlement and rehabilitation will mict the required coopemation of project affecied
people, and make it possitie for Conl India 1o acquire the fand it needs 1o fuifill the evar
meragsing demand of ool for the econome devalopment of the Country

ofe
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Cluster-1I, BCCL

The putpose of the Resettloment and Rehabiitation Policy 2012 is o revise and
provide greater flexibiity to the basic panciples for the reseltlement and rehabilitatian of
peoapia atfacted by coal mining projects | e Projact Affact People (PAPs). Il attempts to
cansalidate the different resetfiemant and rehabiitation practices that are being followed
by subskiiaries as par the different State fand Acquisition Acts and varous decsions of
the Coal India Board and to modify the Policy of 2008 s0 as to give the Board of the
subsidiary Companies grealer flexibility to deal more effectively with resettiement and
rehabikation issues and determine the rehabiftation packages best suited to local needs
in fine with this policy. The provisions of the National Rehabiitation and Resetliemant
Palicy, 2007 and the Land Acquistion, Rehabilitation & Resattiemant Bill, 2011 have also
toan kept in mind while framing the poticy.

While Coal Indig's basx philcssphy for tompensating land-losers and other
project-afiecied pecple remaing substantially unchanged, the revised policy emphaszes
the need to cultivate and maintain good reiabonships with the people affected by Coal
India's projects starting as =arly as possibi@. t also underscores that the subsidiaries
have a responsibilty towards the land oustees whose livelhood is ofien taken away. On

the other hand, subsidianes nead to protec! themssives mere effectnvely sgainst

unjustdied claims redundant manpower and sweling Wage Bills To this end, the
statemen! proposes that subsdianes propare detailed resettiement and rehabilitation
action plans (RAPS) that dearly entify, at an early stage. the enfitlements of the people
aMected by coal projects and enables them o exercise a choice belween various opfions
The concapt of Annuity in lieu of compensationemployment is also beng Intraduced to
mitigata, if not eliminate the ever dependence of Project Aflected Families (PAFs) on CIL
fot provision of employment

(1)  The revised Resetiement & Rehaofitation Policy, 2012 is based on the deliberntians of
the miee Ministerial Commimtes 2at up wos O M 4901992011-PRAV daled O1-D7-2011 of
Ministry of Coal  delbarabons of the CMDs moct heid on 050372012 al Nvw Dei and has hean
anpeoved by the GIL Board in ts 278" maeting heki on 127 and 13" March, 2012

(21  Objectives and general principles of Coal India’s Resettiement and
Rehabilitation Policy- 2012

A, To reviet CiLs existing RAR policy 2003 ond evolve 8 PAP- friondy polcy by
neorporating such provsicrs o the Natonal Pascy and Tha Draft Land Asqusiton,
Rahatiitation and Resattiemen! BA-2011 as considered suitable 1n Gght af Ihe growng
difcukias many subskdianes face in fand scquishion _

B.  To atcord the highest priceity for aveiding ar minimizing disturbance of fhe local population
awhie taong desisions 1O open naw mines ar expand exabtng ones 100 (Explonng
altermabye sil=s and projecs designg) and to ensure that whetever people are jikaly 1o be
adwerzely alfected by 3 projoct. the subsidianes will prepare resetizmant and
rahanlitation action plans for the project

€ Toensure a humane particpatory. informad consultative and transparent process
for land acquisiticn for coal mining and allad activities With the ieast dsturbance to
ths ovwners of the land and other affectad famiilies.

D, Toprovide just 2nd fair compensation 10 the affacted famllies whoss lsnd has heen
acquired o proposed 1o be acauirad or are affected by such scqusition and make

«de
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adequate provsions lor s of bvelihood of such affected persans inchuding ther
rehabiditation and resetilemeand,

E. To ensum that the cumulstive outcome of compuisory aoguistion shoukd be that
the affected persans become pariners in daveiopment leading to an Improvement
in their post acquisibon soclal and aconomic -status and matters connecled
therewith o incidental thersto,

F. Through the preparation of reseltement and rehabiltation action plans,
subsidianes will saleguard that proect-affected people improve or &t ieast regan
their former standard of Iiving and eaming capacty aftes a reasonable transition
period, Tha fransition period is 10 de kept 1o a8 minimum. However, ths involvement
of subsidianes In resettiomant and rehabiitation activities may confinue untii all the
actions specified in the rehabiitation plan have besn completed

G, Involuntary resettiement is conceived and exscuted as a development programme
with project-affected peaple being provided sufficient resources and oppartuniies
fo share in a project's tenefits. The efforis of sutsicianes are complementary 10
the Government's schemes In rura! development and the cancurrence, approvals
and support from concerned Govemment avthorities will be sought

H. In parallel, subsidianes wil work dosely with non-governmental organizations. of
peroven repute which are legally constitutéd and recognized and also have the
confidence of the project-affected people. i the preparation and impiementation of
rehabiftation pians.

. Cerporate Socis! Responsibity (CSR) : Actvties shal be intenadfied i and around
the villages where fand 1 being acquired in accordance with the TSR Palicy of
Coal India

J. Acual mplementation of RER package must follow a detalled survey of the
project-affacted villages to formulate the list of persong/famiies affected by the:
project, nature of the afféct, the likely loss of income; etc: For this purpose, if
necessary, the servicss of 3 reputed NGO with an impressive record of integrity
and performance may be engaged

3. 5C0FE

This Polcy may be calied *Rehabitation and Resstiiemant Policy of Coal India Limited-
2012° It extends to the Coal India Lamited and its subsidiary companies in India. It shall
come into force from the date of ils approval by fhe Cil Board and 15 applicable to all
cases in which land s taken after the date of approval by the Cil Board. While
implementing the policy 1 is to be ensured that the peovisicns of the concemed Acts
applicabie and Rules mentinned thate under shall nat be violated .

4. Definitions

(a) "affected family" means:

(i) @ family whose primary place of reskdence or other property ot source of livelihood
is adversely aflected by the acquisiton of land {including direct negotiaton) for &
project or involuntary displacement for any ather reason. o
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() any tenure holder, tenant. lessae ar owner of other property, who on acoount of
acquisition of land (Including plot in the abagt or other propedy) in the affected area
or other wise, has been involuntanly displaced rom such land of olher property,; or

{W)any agricultural of non-agricultural labourer, landless person (not having
homestead land, agricultural-fand, or =ither homestead or agricultural land), rural
artisan, small trader or sell-employed person, who has been residing or engaged in
any frade, business, accupation o vocation contnuously for a penod of not less
than threg years preceding the dale of declaration of the afiected area, and who
has been deprived of earming his iveihood of alienated wholly or substantially from
the main source of his frade, business, cccupation or vocation because of the
acquisition of lend In the affecied area or being involuntarily displaced far any other
FE3E0N.

{o) 'family’ includes a person, hisher spouse, son including minor eons, deperndant
daughlers, minar brothers, unmarmed sisters, fathes, molfier residing with him or her and
depandant on himter for their livelihood, and incudes “nuclear family” consisting of a
persan, his/har spouse and minor chidren. Provided that whem there &e no male
dependants, the benefit due to a land foser may devolve on dependenl  daughier
nominated by thefand loser

(¢) “land owner” includes any person—

() whos2 name 15 recordsd as fhe owner of the tand or pant theredf, In the
rocoeds of the concemed authorlly, or

{il) who is enttled to ba granted Patta nghits on the @nd under any [sw of the State
including assigned lands; or

(iii) who fas been declarad as such by an ceder of the court ar Distnet Collectar,

(d) Displaced person - means and Includes any persan who is depaved of his
homestead on account of acquisiton. Provided that the personfamiy who does not
ordinarily reside in the homestead land acquired for the project can be termed "Drspiaced”
but he wil b= efigible for compensation only for homestsad and nol for fivelihood

(e} Ordinarily resides’ shall mean résiding in the homestead [ acquired lang for 8
period mere than 6 months every year for at least the praceding 5 yeass

5 Socio-cconomic Survey and proparation of RAP.

/ besefine sociceconomic survey will be carned out to identify the PAPs who are enlisted
10 receive bengfits in fme with Coal India's Resatilement and Rehabiitation Policy. This
survey will be conducted within two manths of notfication under the relevant land
scquisdion Acts by the subsidiaries with the halp of reputed indepandent nstitutional
agencies, who are well varsed with the socal matrix of the area.

i
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The basic objectiva of tha sacio-scanomic stidy wil be to generate baseline data
on the sacial and economic statis of the papulation who are- ikely to lose thew means of
Iveihood o homestead due fo the acquisition of the Sand for the peoject The data base
will be usad to formuate a viable and practical Rehabiitation Action Plan (RAP) for the
affected persons in line with ther entiiements Digitsl Satelite Maps wouli a%0 be
prapaced of the project Area fraezing the dweling units and habitations existing af the
mtmwbnbuwwum wheraver feagible _The RAP wil also address the

ng-

(A} Impiementation, Monitoring and Evaluation, Dispute Mechanism

The rehabiltation action plan wil address the followng:

l The progct deeign, including an analysis of altérnatye designs aimed at avoiding
o1 miimizing resetilemant;

i)y Sacio-aconomic survey and activities to eqsure restoration of lncomes of PAPS
Ime with Coal India's Resettiement and Rehabiltation Policy.

iy Descrpbon of the instiwdionai and otfve mochanisms far provisan of entiiements:.

) Tims table for the acquisition and preparation af the resettiement site(s),

v) The cest and budgats foc the resettiernant and rehatilitation of PAFs;

vl)  Proect-specfic arangements to deal with grisvances of PAFs. and

vill  Time tables, benchmarks and amangements for monitonng the resetilement
and nehabiitation affcd

The RAP will be formulated in consultation with PAPS and State governmend,

(B}. Environment Impact Assessment (EIA) wil be corducted as per any law nile

and regulaton of the locality in whish the land has beer adguired,

{A) Eligibility Criteria for Economic Rehabilitation Benefits I

This tienafit shall accrue onfy 1o Entitied Projact Alecled Persan. Enttied Project Affected ‘
Parsan shall be one from the follovang categories |

(i) Parsons from whom land 18 acquired moiuding iribals cultrating land under tradtional |
nghte
| (it) Persans whosa homestead is accursd
(iii) Sharecroppers, land lessees , enants & day labouress
(iv) Trival dependent an forest produce s centffied by the District Forest Officer/Revenue
Authorties: B P — —
(W) Eligibllity Criteria for Resettiement Benefits
| . Only & Dizplaced family/ person shatl be eligible for resemiement benefits.
2. Afamily/persan shall be termed ‘Gsplaced’ and hence eligible for resettiement banefite if
such famiy/persan has been 8 permanent resident and ordinanly residing m the project area
on fhe date of pubkeation of notification WS © of CBA(ARD) 1857 /LI!S 11 of LA Act, 1884/ Or
both/ on the date of the tand vestnd with Ihe State/ Ceatral government as the case may be.
and
{3) on acocunt of poquisition of histher homestead land / sttucture in displaced from such
areas or
[b) Helshe & a homesteadiess of landless family'person who has beenls required o be

displaced.

A
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7 Lensus & |dentification of displaced families:

| 1. Within two months of publication of notica UrS 4(1) of the Land Acquisition Act or LIS 7(1)
of CBA (A.D) Act 1857 for acquitition of land for the project a census would be undertaken in
the manner to be deciced by the Collector / project authority for identification of displaced
famiies and for  preparing ther sccio-economic profile and list of elgible petsons for the
purose of recaiving Rehabilitation & Resetfiement Bensfits,

|2 A photo identity card to each Enflled Project Affacted Person shall be ssued under the
signaturs of the  Collectyr / project authunty concemed indicating the following particulars:

(a) Narme of the village/GPIPS -
{b) Name, Father's name and address
of the head of the familly !
(¢)Category of entitlernent :
(d)Whelher S.C/5:1.40.8.C,/General
(e)Age, Sex;aducational quaification
_ ofthe members of the family

8 Types of Compensation and Rehabilitation Enfitlement

Option to the land losers regarding Rehabilitation & Ressttiemont Boaefit - The
land Yosers shall have the option for Rehabliation and Resettigment benefits in
acoordance with the awards for each affected family m tarms of tha entilements
passed by the Concerned Caollector of tha State of as per this Policy with the consent
of the coageraed Collector

8.1 Eligibility and Compensation

The tabie bekow shows the compensation and rehabiitation benefits wil be offersd by the
subsidiaries for each Project Aftected Persan or family, sffected by one of their projects.
Evidence fo the effect thal a person & a legtimate PAP wil naed to be provdad in the
form of a writen legal documant, of refesence to a record. such as-a revenue officer
certficate, electoral rall, ration card or schoot racard.

Category of Compensation and Rehabilitation entitfement option
Persons
affected by the
Project

Provisions "
(l) Persons Al 1and owners with titles will receive monetary compensation for the
(including tribale | 800 acquicd from them, The value of the land is delermined cn fhe
cultivating  &and basis of prevaifing legal noms. In raspect of Inbals cultivating land
under traditional | Under traciional nghts, authentication af land held under tacitions!
rights) 4rom | Pghts by state authonties wil be necessary, In addition to above the
whem land s foliowdng shall apply.

-acquired.
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' Cahgory of | Compensation and Rehabilitation entitfement option
t Persons ‘

' affected by the
.mm o

Provisions
&), Land Compensation - Landoumpusatmshdbepandaspeﬂhe
provisions of the concemed Act or State Govt. notification. Where no
notfication of the State Govi = avatable the concemed subskiary
Board may decide on the rate of compansation keeping in view the
compensation providad by the neighboong states. Authentication of land
held under traditional nights by state authorities will be necessary.

In additon 1o above Solatium will e paic as per provisons of the
cencemed Act/ as imposed by the Concemed Siate Gowt.

Escalation of land compensation - Escalaton will be paid as per
provistonie of the concamed Act / as imposed by the Concamed State
Govt. or Escalation 2t the e of 12% per anum for & maximum period |
of thvee yeass.

(B): Employment provision; Apart from payment of the land

compensation, employment may be green In the following mannes —

1) The maximum fotal number of employments that may by provided 1o
the land losets would be limited to the total no. of acres of land
acquired divides by two. However employmants will be released in
propartian o the land possessad ‘

2) For every two acres of land cne employment can be considerad,

3} Subsidaries of CIL may give an option to the Land sers having Jess.
than twp acres of land 1o dub topether their and to the extent of two
acres and nomnate one of e fand lesers among the groups of
thelr dependent for employment under package deal or employment
under Descending ordar system by preparing the st of eligible and
ousfees In the descending order of land st subgct to the cut off
equivalent 1o the tota! numbes of permisaible empioymenls o any
other method with the approval of the respective Board of the
subsidiary.

4) The fand loser must be a domicled resident®oct Niwass and the
cenificale 1o this effect shall be ssued by the conosmed State

Autharity

§) The modalfies for offering employment shall be such as may be
approved by the Board of the Subsidwry companies as per the
unigue canditions of the subsidary provided that -

a) The imtial employment shall be given with pay of Category-l pay
scale of NCWA, with fraining period of 6 months

b) In the seniorty list, the senionty of the appointee should be refiected
in appropriate manner-in order to keep the senior most as senjor.

c) Tha land loser tminees shall be posted as per requirement,
including undargraund duties. |
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lmngory ory of !Comp mpensation and Rehabilitation entithement option
| Porsons

affected by the

Provisions |

iC ): Lumpsum Monetary Compensation — _

1. All the land losers who are not eligivée for employment as |
above shol be entitied Yo receive manetary compensaton i lieu of
employment at the rate of Rs.5 00 000! (Fave Lakhs) for edch acre of
land on pro-raig basis

2 Land lpasrs who are offered employmont as per principle
spechiad in point No ( 5.0)B 1 above will have the option either 10 opt for
employment or lo forego employment and opt for monetary
compensation at the rate of Ra.5,00.000/- (Five lakhs) for each acre of
land on pro-rata basis with minimum of Rs. 50,000 ( Fifty thousands)
provided thet the empioyment thus surrendered shall not be available for
offer to any other person and will stand fapsed from the total sanctioned
numnber of employments as specified in point No.( 8.(081)

3, The Land losers who have clubbed their land in Package Deal
¢an claim employmem for only one land loser of the clubbed two acres
of land and ramaining fand losers of the packsgs cannot ciam efther
employment or lump sum monetary compensafion In liew of the land
contributed by them.

4 Annutty — Al |and iosers who are-entitied 1o get lump sum
monatary compensation may opt for payment of compensation amount
in the form of annuty made payable to the land losers  monthly,
annually of at such intervals (not less than one year) as may be opted
for by him. The anmuity b2 paid for @ mamum panod extending to 60
years of age or the Ife of the proje! for which the land has been
acquired, whichever is earfer
A persan recening # job forgoes ol chems fo above compensation and
a person receiving above compensabion forgoss al clwms fo
amployrment

(if) Parson |, Camgensation far homestead -shall be paid as per the standard

whose valuation method of the LA Act, of the concemed State Govt

homeslead is (I One tms lump sum payment of Rs.3,00.000/ (tvee  lakhs) shall

! acquired bix pakl In Seu of aliemate House site, Assistance i designing

Shitting Allowance compensaticn for construction of celte shed ,

Monetary compensation for construction of work shed etc The
compensafion shall he pad to displaced persons only aMer
vacation and demoldion of the homestesd/ work shed sto.

il Subsislence atowance :Each affected displaced family w gst
subsistence afowance al the rale of 25 days (Minimum
Agricultural Wage) per manth for cne year

8-
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“Categoryof | Compensation and Rehabilitation entitlement option
Porsons

affected by the
' Profoct

Provisions

(lit)Sharecropper The subsidiary will assst PAP fo takewp noa farm self
s, land lessees, | employment through petty contracts or formation of cooperabves, If such
tenants and day | co-operatives will not be erlitied for awardng work as per Manual for
lobourers . lack of experience. the said co-operative will be facilitated by awarding
smal jobs to acquite experence afier relaxation of the provisions of the
Manual pertaining to experience with approval of the Subsidiary Boards.
Subseguent jobs may be awarded after gelting report of the timely
completion / quaity | of the awarded jobs from the concerned
Dapartrment or contractors.

| Contractors will also be persuaded to give jab to sligible PAPS on
g preferential basis, where feasible as per ferms of contract.

—_— ——-

Viiendiess  The sibsigry wil assist PAP 10 esiabiish nion farm sall mployment

' wibals, Tribal threugh the provision of infrastructue. petty contracts of formation of

| depandenton  Cooperalwes and encourage provisions of Jobs with -contractors.

tecestproduce: | Contractors. will ba persuaded to gve jobs to efigble PAP: on
preferential bass, where feasibie

- In add#ion. the subsidiaries will shiff the trbal communily as @
unit and grovide faciites {0 mest the specific needs of the tribal
community that wit allow them to mainfain their unique cultural
identity
Tribal affectad family will he given one time financial assistance
of 500 days of MAW for lose of customary right or usages of
foles! produce. Loss of customary nghts needs to be
authanticated by the district authority.

- Trhal afiected familes resettied out of the district shall be gven |
25% higher rehabiitation and resetfiement benefit, [

N
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9. Resottioment & Rehabilitation Committee - A Commatee will be constituted at
project Level urder the chaimmanshep of the Coliscior 1o be called the Rehabiitation and
Resattiement Committee with the folowing objectives o monitor and review the progress:
of implementation of the Rehabilitation and Resettlement scheme and 1o carry out post.
implementation social audits in consultation with the village panchayat in rural areas and
municipalty in urban areas in the manner wil ba deoxled by the concamed State Govt

| Toapprove the list of land losars ang other PAPS;
Il. Ta approve the list of persons elighle t be offered employment as per R&R
Pokcy;
lNl. Yo approve the detalied RehsbMation Plan for the project in conaultation with the
displaced persont and Giam Sabhas,
V. To expadite issue of domicie serifinates and other necassary documentation
rquired for State Authanties,
V. To monor and ravicw the progress of the Rehabditayion Scheme. grant of benefits
and handing aver of possession of Iand in 3 smonth manner,
VI To faciiate the land acquisition process in any other manner s may be required
including resolution of Sspuies:
VIl To carry out post implementation social audit in consultation with the autharities,

10, Commiunity facilities - The subsidiary wil provide st the resettiement site a school,
road with street light, pucea drain, pand, dugwell and/or tubawell for drinking water supply,
community center, place of worship, dispensary. grazing land for catfle and play ground,
Similar infrastructusal faciity, if necessary, will be exiended to the host locality The
community facilies and services would te avalable fo al residents of the area. including
PAPs and the host papuation.

The approach for operation of community facilties would be flexible and all efforts wil be
made 1o involve the State and local sell Governmen! / Panchayat for operaling the
taciities To achieve this, subsidiaries wil pursue with these agencies to ensure the same.
The planning of the community faciities and their consiruction should be undertaken in
consultation with the affected community.

11. Corporate Social Responsibilities - Thia shouks be &5 per Company's Corporate
Social Responsibiity (CSR) Poicy.

12, Monitoring and Evaluation Mechanism,

The RAP will be monsored and evakiated periodically afier the complation of the fand
BOGUISITION PIOCESS.

| The resettienant and rehabiitation actwiies ans the responsibility of a separate
group, both at the projucts and corporate level, which will be constituiad for
planning, Fmplkementation, monitoring-and evaliation of the RehabiMation
Action Plan. At the corporate level the group will be headed by a seniof
manager, whereas al the project. an execubive of the rank of manager will head
the group. The projéct group sholid have at jeast one member vith soclal
sclence qualiiication / experdence dnd siils.

S0
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Il The project group wil closely imeract with the siate suthorities during the
implamentation of the RAP. Although the subsaiaries will develop the plots and
infrastructural facies in the reseltlement colony and actively impiement the
RAP, assistance of State authodibes wil be taken for adminstralive services
such as afiatment of land Implementation will be planned, monitored and
cotreciive measures will be incorparated in the RAP, # needed. In addibon to
the State Gavernment. the PAPs. the village leaders mncluding the Pradhans
and NGOs wi he consulted and associated with the implementation of the
RAP

Ill. The Resettiement and Rehabilitation Ced a1 the corporate level wil evaiuate the
imglemantation of the RAP affer its complation

13. Flexibility to the Subsidiary Companies — The Subsidiary Companies Boards have
been authorisad o approve neceasary modifications in the RER Palicy with refarence o
uriique conditions prevailing at the concemed Subsidaries 85 the policy & nat exhaustive.

(The above fist i only indicatve and not exhaustie)

Y.



Annexure-111 (A)

SI no.

Issue raised in PH

Implementation status

medical Facility, road etc. for nearby
population

Employment, Water supply and electricity,

Employment is given as per R&Rpolicy of CIL and
Norms of 1 employment / 2 Acre of land.

Details of work done related with water, health
facility ,roads etc is given below:

Care for the environment & plantation

Covered transportation and water spraying is being
practiced along-with plantation in phase-wise
manner.

Details of work done related with water, health facility ,roads etc:

Civil work

S. | Details Award value | Remarks

N. (In Lac)

1 | Construction of PCC road at Gonduadih 3.98 25.01.2015 to 24.03.2015 (60 days)
west under Mohanpur village (from
Khalil Mahto home to Primary school).

2 | Construction of Janaja shed at 3.15 15.10.2014 to 14.12.2014 (60 days)
Ramakunda west under Amtand village

3 | Construction of 1 no. chhathh ghat at 3.01 15.10.2014 to 14.12.2014 (60 days)
Muraidih colony, Hirak road river side

4 | Construction of Janaja shed at Muraidih 0.46 31.03.2014 t0 29.04.2014 (30 days)
colony near river of Hirak road

5 | PCC Road jhunu Rajwar House to 2.30 This is benefiting to approx. 200 families
Tarkeswar Gope House at Bakaspura in this locality by all-weather
Village Luti Pahari (Jhunu connectivity.

Tarkeshwar)Road Length:-

6 | Making PCC Path from Manoj Matha 1.85 This is benefiting to approx. 300 families
House to Sahabuddin Ansari house at in this locality by all-weather
Ghunghusa Village (Mahato connectivity
Shahbhuddin)

7 | Steps for Ghat at sarbandh near hirak 2.67 This will ease in performing rituals by
chowk under B-1l Area local villages of Dumara ,harina & Bada

pandeydih.

8 | Cutting of earth from pond at 19.22 This is benefiting to approx 5000 persons
Chaudhary bandh at Harina Basti,under in this locality. This pond is used for
B-11 Area multipurpose like irrigation,water for

households drinking water for animals
etc.it will also maintain the water leval in
locality.

9 | Drinking Water pipe line works in hadi 0.44 This is benefiting to approx. 150 families
basti at Bhamkanali. in this locality

10 | Rep/Maint of Hand pump at Bara 0.26 This is benefiting to approx. 500 persons
pandeydih (08 Nos). in this locality

11 | Development work at rehabilitation site 6.45 This is benefiting to approx. 500 persons
at Bhimkanali. in this locality




12 | Construction of community hall at Bara 11.9 This is benefiting to approx. 1000
Pandeydih Village Under Block-11 Area persons in this locality

13 | Rep. Of Main road & Drain at 9.71 This is benefiting to approx. 1500
Bakashpura rehabilitation site. persons in this locality

14 | Engagement of tankers for drinking 19 This is benefiting to approx. 2000
water supply in nearby villages of B-II families in Viallages like Benidih
Area Baghmara, Luttipahadi, Harina,

Kessurgarh, Rathtand,
Nudkhurkee,Pinalgarhia,Mandra.

15 | Engagement of departmental tankers | - This is benefiting to approx. 2000
for drinking water supply in nearby families in Viallages like Benidih
villages of B-1l Area as on need bais. Baghmara, Luttipahadi  Kessurgarh,

Madhuban Etc.

Health: Medical Camps, CSR Clinics & Awareness Programme

Medical Camps Beneficiaries Amount (in Rs.)

2014-15 5144 58095.75

2015-16 3397 38352.13

2016-17 595 30320.00

2018-19 789 30320.00

2019-20 310 -

Year 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21

Total no | 1660 1301 1895 1293 1305 810 910

patients

SN Health Awareness Programme Amount (in Rs.)

1 Nasa Mukti Abhiyan 10000.00

2 Blood Pressure Detection 5000.00

4 Aids Awareness Programme 5000.00

5 Eye Checkup camp 25000.00
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EXECUTIVE SUMMARY

1.0 Introduction

The purpose of environmental monitoring is to assess the quality of various
attributes that affects the fauna and flora. In accordance with the quality of these
attributes appropriate strategy is to be developed to control the pollution level
within the permissible limits. The three major attributes are air, water and noise
level.

Bharat Coking Coal Limited (BCCL), a Subsidiary company of Coal India Limited
is operating Underground and Opencast Mines in Jharia Coalfield (JCF) is a part
of Gondwana Coalfields located in Dhanbad district of Jharkhand, the JCF is
bounded by 23°37' N to 23%52’ N latitudes and 86°09’ E to 86°30’ E longitude
occupying an area of 450 Sq.km. BCCL has awarded Environmental monitoring
work of Jharia Coalfield (JCF) to Central Mine Planning & Design Institute
Limited (CMPDIL). The environmental monitoring has been carried out as per
the conditions laid down by the MOEF&CC while granting environmental
clearance of project, consent letter issued by the respective SPCB, and other
statutory requirements.

2.0 Sampling location and rationale

2.1 Ambient air sampling locations

The ambient air quality monitoring stations were selected to represent core,
buffer zone area. The rationale has been based on the guidelines stipulated by
MoEF&CC, consent letter of SPCB, as well as other statutory requirements.

2.2 Water sampling stations
The Water sampling stations were selected for mine sump water.

2.3 Noise level monitoring locations

Noise levels vary depending on the various activities in mining areas. The
monitoring of noise level in different locations will be helpful to take appropriate
mitigating measures. The rationale has been based on the guidelines stipulated
by MOoEF&CC, consent letter of SPCB, as well as other statutory requirements.

3.0 Methodology of sampling and analysis

3.1 Ambient air quality

Parameters chosen for assessment of ambient air quality were Particulate
Matter (PM1o), Fine Particulate Matter (PMzs), Sulphur Di-oxide (SO2) and

Nitrogen Oxides (NOy). Respirable Dust Samplers (RDS) and Fine Dust

JOB NO. 200316028 Cluster — I, BCCL Environmental Monitoring Report



Sampler (PMzs sampler) were used for sampling of PM1o, SO2 & NOx and Fine

Dust Sampler (PMz2s sampler) were used for sampling of PM2s at 24 hours
interval once in a fortnight and the same for the gaseous pollutants. The
samples were analysed in Environmental Laboratory of CMPDI, RI-Il, Dhanbad.

3.2 Water quality

Water samples were collected as per standard practice. The Mine effluent
samples were collected and analysed for four parameters on fortnightly basis.
Thereafter the samples were preserved and analysed at the Environmental
Laboratory of CMPDI, RI- II, Dhanbad.

3.3 Noise level monitoring

Noise level measurements in form of 'Leq' were taken using Integrated Data
Logging Sound Level Meter. Noise levels were measured in Decibels, 'A'
weighted average, i.e. dB(A).

4.0 Results and interpretations

4.1 Air quality

It has been seen from the analysis results that the 24 hours average
concentration parameters like PMio, PM25, SO2 and NOy are mostly within the

permissible limits in all sampling locations as per MOEF&CC Gazette Notification
No. GSR 742(E) dt 25.09.2000 Standards for Coal Mines and National Ambient
Air Quality Standard -2009. Sometimes the concentration of PMio& PMz2s
exceeds the limits due to heavy public traffic, poor road condition, coke oven
plants, burning of coal by surrounding habitants, brick making, municipal waste
dumps and industries like Steel Plant, thermal Plants including their fly ash etc.

The following preventive and suppressive mitigative measures can be
undertaken to contain the pollution level within prescribed level:-

Wet drilling and controlled blasting should be practice.

Explosive used should be optimised to restrict the dust generation.
Transportation roads should be permanently asphalted free of ruts, potholes
etc.

Water should be sprayed on coal transportation road, service road more
frequently and at regular interval.

Dust from roads should be removed physically or mechanically.

Greenbelts around industrial sites, service building area besides

Avenue plantation along roads should be created.

Coal dust should be suppressed by using fixed sprinklers.

Regular maintenance of plant and machinery should be undertaken.

VV VYV VY VVYV
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4.2 Water quality

The test results indicate that the major parameters compared with MoEF&CC
Gazette Notification No. GSR 742(E) dt 25.09.2000 are within permissible limits.

4.3 Noise Level

During the noise level survey it has been observed that the noise level in the
sampling locations is within the permissible limits prescribed as per MOEF&CC
Gazette Notification No. GSR 742(E) dt 25.09.2000 Standards for Coal Mines for
Industrial Area and Noise pollution (Regulation and Control) Rules, 2000.

JOB NO. 200316028 Cluster — I, BCCL Environmental Monitoring Report



1.0

11

1.2

INTRODUCTION

Any industry and development activities including coal mining is bound to affect
environmental attributes. There are positive as well as negative impacts of such
operations. For controlling the adverse impacts a regular monitoring is essential.
The environmental monitoring is being done as per the guide-lines stipulated by
Ministry of Environment, Forest and Climate Change (MoEF&CC), Govt. of India.

The very purpose of environmental monitoring is to assess the quality of various
attributes which affects the environment. As per quality of these attributes
appropriate strategy is to be developed to control the pollution level within the
permissible limits. The three major attributes are air, water and noise level.

Bharat Coking Coal has awarded Environmental Monitoring work of all Projects,
Cluster wise, to Central Mine Planning & Design Institute Limited (CMPDIL). The
environmental monitoring has been carried out as per conditions laid down by
MoEF&CC while granting environmental clearance to different projects. CMPDI
has trained manpower and well equipped laboratory to carry out monitoring,
analysis and R&D work in the field of environment.

The Cluster Il is in the westernmost part of the Jharia coalfield. The Cluster — Il is
situated at a distance of about 40 - 45 kms from Dhanbad Railway Station. The
mines of this cluster are operating since pre nationalization period (prior to 1972-
73). It is connected by both Railway and Road. The drainage of the area is
governed by Khudia Nala.

The Cluster Il is designed to produce 0.9 MTPA (normative) and 1.17 MTPA
peak capacity of coal. The average grade of coal W-1I to W-IV.

The Project is being worked by deploying shovel dumper combination.

The Project has been granted Environmental Clearance from Ministry of
Environment, Forest and Climate Change (MoEF&CC) for a rated capacity of 0.9
MTPA (normative) and 1.17 MTPA peak capacity of coal production vide letter
no E. C. no. J-11015/35/2011-1A.11 (M) dated 06.02.2013.

Ministry of Environment, Forest and Climate Change while granting
environmental clearance has given one of the General conditions that “ Four
ambient air quality monitoring stations should be established in the core zone as
well as in the buffer zone for PMio, PM25, SO2, NOx monitoring. Location of
the stations should be decided based on the meteorological data, topographical
features and environmentally and ecologically sensitive targets, other conditions
regarding water / effluent and noise level monitoring in consultation with the
State Pollution Control Board.”

In compliance of these conditions the Environmental Monitoring has been carried
out & report prepared for submission to MOEF&CC & JSPCB and other statutory
authorities.
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AMBIENT AIR QUALITY MONITORING

2.1 Location of sampling station and their rationale:
(As per G.S.R. 742 (E) dt. 25th December, 2000)

2.1.1 Ambient Air Quality Sampling Locations

l. CORE ZONE Monitoring Location
)] Block Il OCP (A4): Industrial Area
The location of the sampling station is 23°47'2.00"N & 86°11'15.00"E. The
sampler was placed at an elevated platform of approx. height 1.5m above
ground level near water treatment plant of Block Il OCP.

ii) Muraidih OCP (A5): Industrial Area
The sampler was placed at a height of 1.5 m from the ground level at Muraidih

project office.

Il. BUFFER ZONE Monitoring Location
)] Madhuband Washery (A3) : Industrial area
The location of the sampling station is at 23°47'24.01"N & 86°11'32.00"E in
the Washery premises. The sampler was placed at a height of approx. 1.5m

above ground level.

i) Madhuband UGP (A33) : Industrial area
The location of the sampling station is at 23°46'5.60"N & 86°12'27.50"E at the
Project office. The sampler was placed at a height of approx. 1.5m above

ground level near the project office.
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AMBIENT AIR QUALITY DATA

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2cmpdi@coalindia.in

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Air Quality Test Report

c mpc[i

»/4 mni kﬂlﬂu (Jmn,m”,

TC-10122

Test Report for Ambient Air Samples

Month & Year 08/2023 | Cluster | Cluster II ULR No. TC1012223000000057P
Customer Environment Dep_artfnc?nt, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.11.2023
gmenv.bccl@coalindia.in)
Project Block I1 OCP Sample Ref. No. REM/BCCL/2023/08 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of Period of .
Sampling 07.08.2023 24.08.2023 Analysis 07.08.2023 30.08.2023 Zone of Station: Core Zone
Observed Values MoEF Standards
(in pg/m3) Notification dated
1::) Parameter XI‘::“;‘:S o [frae“s%fn(’f LDL 25th NAAQS, 2009
) y 1st FN 2nd FN g September,2000
(GSR742E)
1 PMyo IS -5182(Part 10 pg/m3-1000 | 10 pg/ms3 300 100
23):2006, R-2017 88 90 uHg/ms3
2 PM_;s IS -5182(Part 10 pg/m3-400 | 10 ug/m3 Not Specified 60
24):2019 47 51 Hg/ms3
3 SO, [S-5182(Part-2): 10 pg/m3-1050 | 10 pg/ms3 120 80
2001, R-2017 <10 <10 hg/m?
4 NO; IS-5182 (Part-6): 26 24 06 ug/m?-420 | 06 pg/m3 120 80
2006 ,R-2017 ug/m?

**All units are in ug/m3, 24 hourly Average, * LDL indicates Lower Detection Limit,

2, cxverns Knt—

e 2

Ot - =

Py = 8 (Amit Raj Mishra)
ANALYSED BY

Authorised Signatory

(Gaurav Kant)
REVIEWED BY

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-1II.

---- End of Report ----
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Cc mpc/i

Ambient Air Quality Test Report

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-lI
KOYLA BHAWAN COMPLEX
DHANBAD. -826005

TC-10122 /4 mm' ﬂ.l.‘. (/ﬂ Phone:0326-223-850
- R email: rdri2cmpdi@coalindia.in |
Test Report for Ambient Air Samples
Month & Year 08/2023 Cluster Cluster II ULR No. TC1012223000000057P
Customer Environment Dep.art.me.:nt, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.11.2023
gmenv.bccl@coalindia.in)
Project Muraidih OCP Sample Ref. No. REM/BCCL/2023/08 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of Period of Zone of Station: Core Z
Sampling 04.08.2023 26.08.2023 | Analysis 04.08.2023 | 30.08.2023 ' ore Zone
Observed Values MOoEF Standards
(in pg/m3) Notification dated
l\skl) Parameter XI‘:;:“’S?S o lﬁf“g%fnm LDL 25th NAAQS, 2009
’ y 1st FN 2nd FN g September,2000
(GSR742E)
1 PMio IS -5182(Part 10 pg/m3-1000 | 10 pg/m3 300 100
23):2006, R-2017 91 89 ug/m3
2 PM;s IS -5182(Part 10 ug/m3-400 | 10 pg/m3 Not Specified 60
24):2019 38 32 ug/m?
3 SO, [S-5182(Part-2): 10 ug/m3-1050 | 10 pg/m3 120 80
2001, R-2017 <10 <10 hg/ms
4 NO; [S-5182  (Part-6): 27 24 06 ug/m*-420 | 06 pug/m3 120 80
2006 , R-2017 hg/m?
* LDL indicates Lower Detection Limit,
**All units are in ug/m3, 24 hourly Average,
ﬁ#"‘@?“w =z B Kt ,_}:,_,_> =P
=y =l & (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-IL.
---- End of Report ----
Page -1 of 1
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CMPDIL, RI-II

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED KOYLA BHAWAN COMPLEX
cm. i Environment Laboratory, Regional Institute-II DHANBAD. -826005
P Ambient Air Quality Test Report Phone:0326-223-850
> email: rdri2cmpdi@coalindia.in
TC-10122 ‘/4 mm' /eatu C.m.,mn,
Test Report for Ambient Air Samples
Month & Year 08/2023 | Cluster | Cluster II ULR No. TC1012223000000057P
Customer g;t;g;?;gi?ﬁiﬁi?ﬁz; Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.11.2023
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/08 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of Period of .
Sampling 09.08.2023 25.08.2023 | Analysis 09.08.2023 | 30.08.2023 | Zomeof Station: Buffer Zone
Observed Values MOoEF Standards
(in pg/m3) Notification dated
13:) Parameter Xﬁ;{‘;ﬁ's o l?;%fngf LDL 25th NAAQS, 2009
) 1st FN 2nd FN September,2000
(GSR742E)
1 PM;, IS -5182(Part 10 pg/m3-1000 | 10 pg/ms3 300 100
23):2006, R-2017 95 127 pg/m3
2 PM2s IS -5182(Part 10 pg/m3-400 | 10 pg/ms3 Not Specified 60
24):2019 51 64 ug/m?
3 SO, [S-5182(Part-2): 10 pg/m3-1050 | 10 ug/m3 120 80
2001, R-2017 11 <10 ug/m?
4 NO; [S-5182  (Part-6): 06 pg/m3*-420 | 06 pg/m3 120 80
2006 ,R-2017 27 26 ug/m?

**All units are in ug/m3, 24 hourly Average * LDL indicates Lower Detection Limit,

_ﬂ:" ALAtes —@“ Lo Kt '—k‘—’ =F—
=y =l (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPD],
RI-IL

---- End of Report ----

Page -1 of 1
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CMPDIL, RI-II
CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED KOYLA BHAWAN COMPLEX
cm l: Environment Laboratory, Regional Institute-II DHANBAD. -826005
P Ambient Air Quality Test Report Phone:0326-223-850
S email: rdri2cmpdi@coalindia.in
0122 A Wi Ratia Company
Test Report for Ambient Air Samples
Month & Year 08/2023 | Cluster | Cluster 11 ULR No. TC1012223000000057P
Customer Environment Dep_art¥ne_ent, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.11.2023
gmenv.bccl@coalindia.in)
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/08 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of Period of Zone of Station: Buffer Zone
Sampling 03.08.2023 19.08.2023 Analysis 03.08.2023 30.08.2023
Observed Values MoEF Standards
Sl (in pg/m3) Notification dated
N | Parameter Xﬁ;{‘;ﬁ's o ?;%fn(g’f LDL 25th NAAQS, 2009
0. 1st FN 2nd FN September,2000
(GSR742E)
1 PMjio IS -5182(Part 10 ug/m3-1000 | 10 pg/m3 300 100
23):2006, R-2017 96 91 ug/m?
2 PM2s IS -5182(Part 10 pg/m3-400 | 10 pg/m3 Not Specified 60
24):2019 54 48 ug/m?
3 SO, [S-5182(Part-2): 10 ug/m3-1050 | 10 pg/m3 120 80
2001,R-2017 <10 <10 hg/m?
4 NO: [S-5182 (Part-6): 2 23 06 pug/m3 - 420 06 pg/m3 120 80
2006 ,R-2017 hg/m?
**All units are in ug/m3, 24 hourly Average * LDL indicates Lower Detection Limit,
Sy = (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-II.

---- End of Report ----
Page -1 of 1
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AMBIENT AIR QUALITY AT AMBIENT AIR QUALITY AT
BLOCK Il OCP MURAIDIH OCP

=04.08.2023 =26.08.2023 =NAAQS & GSR Standard
=07.08.2023 ®24.08.2023 =NAAQS ® GSR Standards Q andaras

350 320 300
200 300 =
oo 250 =
200 200 %
150 130 120 150 = 120 120
100 100 =
50 50
0 0 0 0
0 0 =
PM10 PM2.5 NOX
AMBIENT AIR QUALITY AT AMBIENT AIR QUALITY AT
MADHUBAND WASHERY MADHUBAND UGP
=09.08.2023 25082023 =NAAQS = GSR Standards H03.08.2023 ®=19.082023 =NAAQS H GSR Standards

350 350

300 300
300 - 300 _
250 = 250 %
200 = 200 %
150 - 150 = 120 120
100 = 100 = 60

50 - 50 —
= = 0 0
0 = 0 =




13

WATER QUALITY MONITORING

3.1 Location of sampling sites

(Refer Plate No. — 1)
)] Mine Discharge of Block I (MW2)

A sampling point is fixed to assess the effluent quality of Mine discharge. This
location is selected to monitor effluent discharge in to Khudia Nala.

3.2 Methodology of sampling and analysis

Water samples were collected as per standard practice. The effluent samples were
collected and analyzed for four parameters on fortnightly basis at the Environmental
Laboratory of CMPDI RI-II, Dhanbad.

3.3 Results & Interpretations

The results are given in tabular form along with the applicable standards. Results are
compared with Schedule - VI, effluent prescribed by MoEF&CC. Results show that most of
the parameters are within the permissible limits.



14

TC-10122

%}B cmpcli

Q
30 i Rt Conper

MINE EFFLUENT TEST REPORT

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-1I

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2cmpdi@coalindia.in

Test Report for Mine Effluent samples

Month &

Year 08/2023 Cluster Cluster II ULR No. TC1012223000000075F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue | 04.11.2023
Project Block II Sampling Ref. No. REM/BCCL/2023/08 Sampling Method l(igl(}tzls) CMPDI/RI-II/LPM 13
Period of 07.08.2023 TO 30.08.2023
i Sample Collected in 2.5 Ltr Jerricane , Color as observed is transparent .
S;‘;‘tli’:li‘sg (i) Block IT P J P Analysis
Date of Sampling 07.08.23 ‘ 21.08.23
Observed Values STANDARDS FOR COAL MINES LDL
. (Stipulated by Ministry of Environment
S1. No. Parameter Method of Analysis First Fortnight Second Fortnight and Forests (MoEF), Vide Notification
No. GSR 742(E), Dt: 25.09.2000)
Total Suspended | IS3025/17:1984, R
1 Solids :2017, Gravimetric 35 38 100 (Max) 10
1S-3025/11:1983, R-
2 pH 2017, Electrometric 7.92 7.93 55-9.0 0.2
1S3025/39:1991,R:
3 0Oil & Grease 2019, Partition <2.0 <2.0 10 (Max) 2
Gravimetric
APHA 23rd Edition
4 COoD 5220 C Titrimetric 32 36 250 (Max) 4
Method

**Grab sampling carried out for water samples. **All units in mg/L unless specified otherwise *LDL indicates Lower Detection Limit & BDL indicates Below Detection Limit,

S

ANALYSED BY

————
(Kumar Vaibhav)
REVIEWED BY

(Amit Raj Mishra)
Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-II.

---- End of Report ----

Page -1 of 1
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NOISE LEVEL QUALITY MONITORING

4.1Location of sampling sites

i) Block 11 OCP (N4)
i) Muraidih OCP (N5)
iii) Madhuband Washery (N3)

iv)  Madhuband UGP (N33)

4.2 Methodology of sampling and analysis

Noise level measurements in form of 'Leg" were taken using Integrated Data Logging
Sound Level Meter during day time & night time. Noise levels were measured for the
complete day & night time, the Intergration time taken was one hour or 3600 seconds. Noise

levels were measured in Decibels, 'A' weighted average, i.e. dB (A).

4.2Results & Interpretations

Ambient noise levels were recorded during day time & night time and the observed values
were compared with standards prescribed by MoEF&CC. The results of Noise levels
recorded during day & night time on fortnightly basis are presented in tabular form along with
the applicable standard permissible limits. The observed values in terms of Lgq are
presented. The observed values at all the monitoring locations are found to be within

permissible limits.
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C”‘lp(/l:

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

A Whini Rt Conpiony . .
Tet0122 Ambient Noise Level Test Report
Month & Year 08/2023 ‘ Cluster Cluster II ULR No. TC1012223000000091F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.11.2023
Project Block I1 OCP Sample Ref. No. REM/BCCL/2023/08 Sampling Method CMPDI/RI-II/LPM 22
Date of Sampling Zone Category of Core Zone
07.08.2023 24.08.2023 Station:
Observed Values Observed Values NOISE POLLUTION (REGULATION AND CONTROL)
sL. No. Parameter l(;l:;,lr / Time of Pgi::tl‘:: ﬂ(:,}?(ﬁz ) S(in L(:qudB(.l?) ) Nll;:lt;o:igf R;:Sgt:n()f LDL RULES, 2000 Standards
8 econd Fortnight ¥ 8 Zones Limits in dB
1 06:00-07:00 49.4 47.8
2 07:00 - 08:00 48.7 48.5
3 08:00 - 09:00 49.6 50.6
4 09:00 - 10:00 50.7 51.6
5 10:00 - 11:00 53.3 53.8
6 11:00 - 12:00 53.8 54.1
7 12:00 - 13:00 55.9 57.5 CPCB, Protocol for Industrial 75
8 Noise Level dB(A)Leq | 13:00-14:00 60.8 62.7 Ambient Level 35 dB-135 dB 35 Commercial 65
9 - Day 14:00 - 15:00 63.1 65 Noise Monitoring - dB(A) Residential 55
10 15:00 - 16:00 60.2 62 2015 Silence 50
11 16:00 - 17:00 60.9 63.1
12 17:00 - 18:00 63.1 66.9
13 18:00 - 19:00 65.3 64.2
14 19:00 - 20:00 63.1 62.6
15 20:00 - 21:00 60.8 61.6
16 21:00 - 22:00 59.5 58.5
Leq DAY 60.1 61.3
1 22:00-23:00 56 53.5
2 23:00- 00:00 55.6 53.1
3 00:00- 01:00 49 49.8 CPCB, Protocol for Industrial 70
4 Noise Level dB(A)Leq | 01.00-02.00 48.7 48.8 Ambient Level 35 dB-135 dB 35 Commercial 55
5 -Night 02.00-03.00 48 47.6 Noise Monitoring - dB(A) Residential 45
6 03.00-04.00 493 49.8 2015 Silence 50
7 04.00-05.00 49.7 49.8
8 05:00-06:00 50.3 50.8
Leq NIGHT 52.0 50.8

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

2, averon K t—

(Gaurav Kant)
REVIEWED BY

e =

Raj Mishra)

Authorised Signatory

(Amit

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env) , CMPDI, RI-II.

---- End of Report ----

Page -1 of 1
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CMPDIL, RI-II
JO CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED KOYLA BHAWAN COMPLEX
C”lf ¢ Environment Laboratory, Regional Institute-II DHANBAD. -826005
A Wi Rt Compeny Ambient Noise Level Test Report Phone:0326-223-850
Month & Year 08/2023 ‘ Cluster Cluster II ULR No. TC1012223000000091F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.11.2023
Project Muraidih OCP Sample Ref. No. REM/BCCL/2023/08 Sampling Method CMPDI/RI-II/LPM 22
Date of Sampling 04.08.2023 26.08.2023 Zone Category of Station: Core Zone
Hour / Time of Observed Values Observed Values Method of Range Of NOISE POLLUTION (REGULATION AND CONTROL)
SI. No. Parameter e (inLeq dB(A)) (inLeq dB(A)) S Testing LDL RULES, 2000 Standards
First Fortnight Second Fortnight Zones Limits in dB
1 06:00 - 07:00 45.2 45.7
2 07:00 - 08:00 46.3 48.2
3 08:00 - 09:00 51.3 50.7
4 09:00-10:00 52.4 53.2
5 10:00 - 11:00 53.3 53.7
6 11:00-12:00 55.8 55.6
7 1;38 - ﬁgg 56.9 57.8 CPCB, Protocol Industrial 75
8 Noise Level dB(A)Leq 52.1 53 for Ambient Level 35 dB-135 dB 35 dB(A) Commercial 65
9 - Day 14:00 - 15:00 53.3 53.7 Noise Monitoring Residential 55
10 15:00 - 16:00 55.8 56.9 -2015 Silence 50
11 16:00-17:00 50.4 49.4
12 17:00 - 18:00 46.2 46.2
13 18:00 - 19:00 44.6 44.5
14 19:00 - 20:00 45.2 44.9
15 20:00 - 21:00 44.5 44.6
16 21:00 - 22:00 44.3 43.4
Leq DAY 51.9 52.4
1 22:00-23:00 41 40.5
2 23:00- 00:00 40.6 38.8
3 00:00- 01:00 40.2 38.1 CPCB, Protocol Industrial 70
4 Noise Level dB(A)Leq | 01.00-02.00 40.1 37.9 for Ambient Level Commercial 55
5 -Night 02.00-03.00 39.7 37.8 Noise Monitoring | 5> 4B-135dB | 35dB(A) | pocidential 45
6 03.00-04.00 39.2 38.5 -2015 Silence 50
7 04.00-05.00 40.8 40.1
8 05:00-06:00 40.8 40.7
Leq NIGHT 40.3 39.2
*LDL indicates Lower Detection Limit
**All noise measurements are integrated for a 01 hour period, All units in dB(A)
@y s Fennb— ,*-———» =
=~ N (Amit
Sampling Assistants (Gaurav Kant) Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-I1.
---- End of Report ----
Page -1of 1

JOB NO. 200316028 Cluster — II, BCCL Environmental Monitoring Report
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

Ambient Noise Level Test Report

CMPDIL, RI-lI

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

Teor2 A Wi Rt Company email: rdri2cmpdi@coalindia.in
Month & Year 08/2023 [ Cluster | Cluster 1l ULR No. TC1012223000000091F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.11.2023
Project Madhuband Washery Sample Ref. No. REM/BCCL/2023/08 Sampling Method CMPDI/RI-II/LPM 22

Date of Sampling 09.08.2023 25.08.2023 Zone Category of Station: Buffer Zone
Hour / Time of Observed Values Observed Values Method of Range Of NOISE POLLUTION (REGULATION AND CONTROL)
SI. No. Parameter i (inLeq dB(A)) (inLeq dB(A)) b Testing LDL RULES, 2000 Standards
First Fortnight Second Fortnight Zones Limits in dB
1 06:00 - 07:00 65 65.2
2 07:00 - 08:00 52.6 49.5
3 08:00 - 09:00 51.3 46.8
4 09:00-10:00 67 69.8
5 10:00 - 11:00 59.2 55.9
6 11:00-12:00 53.3 53.3
7 1;38 - ﬁgg 60.7 62.8 CPCB, Protocol Industrial 75
8 Noise Level dB(A)Leq 60.2 59.1 for Ambient Level 35 dB-135 dB 35 dB(A) Commercial 65
9 - Day 14:00 - 15:00 59.9 60.7 Noise Monitoring Residential 55
10 15:00 - 16:00 56.6 57.3 -2015 Silence 50
11 16:00-17:00 63.6 65
12 17:00 - 18:00 49.9 48.9
13 18:00 - 19:00 58.8 59.6
14 19:00 - 20:00 63.6 64.6
15 20:00 - 21:00 60.1 60.5
16 21:00 - 22:00 58.8 59.9
Leq DAY 61.1 62.3
1 22:00-23:00 54.7 55.6
2 23:00- 00:00 54.5 54.6
3 00:00- 01:00 54.1 54.3 CPCB, Protocol Industrial 70
4 Noise Level dB(A)Leq | 01.00-02.00 53.7 54 for Ambient Level Commercial 55
5 ‘Night 02.00-03.00 535 52.8 Noise Monitoring | 5> 4B-135dB | 35dB(A) | pocidential 45
6 03.00-04.00 52.5 52.6 -2015 Silence 50
7 04.00-05.00 52.6 52.6
8 05:00-06:00 52.8 53.7
Leq NIGHT 53.6 53.9
*LDL indicates Lower Detection Limit
**All noise measurements are integrated for a 01 hour period, All units in dB(A)
2, aveno Kaat— '_*’_,_, :—4@#
=~ N (Amit
Sampling Assistants (Gaurav Kant) Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-I1.
---- End of Report ----
Page -10of 1

JOB NO. 200316028 Cluster — II, BCCL Environmental Monitoring Report
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-Il
KOYLA BHAWAN COMPLEX
DHANBAD. -826005

A Whini Rt Conpiony . . Phone:0326-223-850
10122 Ambient Noise Level Test Report email: rdri2cmpdi@coalindia.in
Month & Year 08/2023 I Cluster | Cluster II ULR No. TC1012223000000091F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.11.2023
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/08 Sampling Method CMPDI/RI-II/LPM 22
s Date of Sampling 03.08.2023 19.08.2023 Zone Category of Station: Buffer Zone
i Observed Values Observed Values NOISE POLLUTION (REGULATION AND CONTROL)
sl No. Parameter ;‘:;r / Time of (in Leq dB(A) ) (inLeq dB(A)) W:\*;tallllo';li:f R;:Sg;n()f LDL RULES, 2000 Standards
First Fortnight Second Fortnight y g OGS Limits in dB
1 06:00 - 07:00 40.9 41.5
2 07:00 - 08:00 43.7 43
3 08:00 - 09:00 47.1 47.5
4 09:00 -10:00 48.3 48.1
5 10:00 - 11:00 48.1 48.2
6 11:00-12:00 47.8 47.5
7 12:00 - 13:00 487 484 CPCB, Protocol Industrial 75
8 Noise Level dB(A)Leq 13:00 14:00 52 55.7 for Ambient Level 35 dB-135 dB 35 dB(A) Commercial 65
9 - Day 14:00 - 15:00 53.3 53.3 Noise Monitoring Residential 55
10 15:00 - 16:00 53.8 50.4 -2015 Silence 50
11 16:00 - 17:00 46.7 46.8
12 17:00 - 18:00 45.6 45.5
13 18:00 - 19:00 45.1 45
14 19:00 - 20:00 44.9 44.4
15 20:00 - 21:00 44.6 44
16 21:00 - 22:00 43.4 43.6
Leq DAY 48.6 48.9
1 22:00-23:00 40.3 40.8
2 23:00- 00:00 40.2 40.9
3 00:00- 01:00 40.1 40.2 CPCB, Protocol Industrial 70
4 Noise Level dB(A)Le 01.00-02.00 39.4 39.8 for Ambient Level Commercial 55
5 ‘Night (Wtea 02.00-03.00 39.1 39.6 Noise Monitoring | 5> 4B-135dB | 35dB(A) | pocidential 45
6 03.00-04.00 405 40.8 -2015 Silence 50
7 04.00-05.00 40.8 41
8 05:00-06:00 41 40.9
Leq NIGHT 40.2 40.5

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

L, avaror ;;?, —

(Gaurav Kant)
REVIEWED BY

3 e

Raj Mishra)

Authorised Signatory

(Amit

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-I1.

---- End of Report ----

JOB NO. 200316028

Cluster — II, BCCL

Environmental Monitoring Report




AMBIENT AIR QUALITY DATA

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2cmpdi@coalindia.in

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Air Quality Test Report

C mpc[i

-/4 mni yutm (Jam,mn,

TC-10122

Test Report for Ambient Air Samples

Month & Year | 07/2023 | Cluster | Cluster Il ULR No. TC1012223000000002F
Customer :;t;g;?;gi?ﬁiﬁ:;ﬁ:; Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 07.10.23
Project Block I1 OCP Sample Ref. No. REM/BCCL/2023/07 | Sampling Method CMPDI/RI-II/LPM 11, (1S 5182)
goate of 14.07.23 250723 | Periodof 14.07.23 21.08.23 | Zone of Station: Core Zone
ampling Analysis
Observed Values MoEF Standards
(in pg/m3) Notification dated
1::) Parameter XI‘::‘;‘:S o [?e“s%fngf LDL 25th NAAQS, 2009
) 1stFN 2nd FN September,2000
(GSR742E)
1 PM1o IS -5182(Part 10 ug/m?-1000 | 10 pg/m3 300 100
23):2006, R-2017 119 94 ug/m3
2 PMz;s IS -5182(Part 10 ug/m3-400 | 10 ug/m3 Not Specified 60
24):2019 64 53 ug/m?
3 SO, 1S-5182(Part-2): -0 19 10 ug/m?-1050 | 10 pg/m3 120 80
2001,R-2017 ug/m?
4 NO; [S-5182  (Part-6): 1 <10 06 pg/m?*-420 | 06 pg/m3 120 80
2006 ,R-2017 ug/m?

**All units are in ug/m3, 24 hourly Average, * LDL indicates Lower Detection Limit,

2, axverens Kot—

,_}:,_,_> T
(Amit Raj Mishra)
Authorised Signatory

sl =

ey =) (Gaurav Kant)
ANALYSED BY

REVIEWED BY

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPD],
RI-1II.

---- End of Report ----

CMPDIL, RI-lI

Page -1 of 1 KOYLA BHAWAN COMPLEX

DHANBAD. -826005



TC-10122

[ mpc[i

‘/4 mm' yul‘na ()oln,)au’

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Air Quality Test Report

Test Report for Ambient Air Samples

Month & Year | 07/2023 [ Cluster | Cluster Il ULR No. TC1012223000000002F
Customer :ﬁ,f;:%?ﬁggi%ﬁ::iﬁ;’ Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 07.10.23
Project Muraidih OCP Sample Ref. No. REM/BCCL/2023/07 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of 04.07.23 220723 | Periodof 04.07.23 21.08.23 | Zone of Station: Core Zone
Sampling Analysis
Observed Values MOoEF Standards
(in pg/m3) Notification dated
l\sl:) Parameter B\":;:‘;’S‘lls o l?r‘“:sgtfn(g’f LDL 25th NAAQS, 2009
) 1st FN 2nd FN September,2000
(GSR742E)
1 PMio IS -5182(Part 10 pg/m3-1000 | 10 pg/m3 300 100
23):2006, R-2017 91 91 ug/m3
2 PM;s IS -5182(Part 10 pg/m3-400 | 10 pg/ms3 Not Specified 60
24):2019 48 46 ug/m?
3 SO, [S-5182(Part-2): 23 24 10 ug/m3-1050 | 10 pg/m3 120 80
2001, R-2017 hg/m?
4 NO; [S-5182  (Part-6): <10 13 06 ug/m*-420 | 06 pug/m3 120 80
2006 , R-2017 hg/m?
* LDL indicates Lower Detection Limit,
**All units are in ug/m3, 24 hourly Average,
ﬁ}i""@e““—“&’ =& By Kb ’_}:,_,_, — £
Rl i A (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-IL.
---- End of Report ----
Page -1 of 1

JOB NO. 200316028
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Ambient Air Quality Test Report

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

(5 mpc[i

email: rdri2cmpdi@coalindia.in

Te0122 A Whesic Btia Coompiing
Test Report for Ambient Air Samples
Month & Year | 07/2023 | Cluster | Cluster II ULR No. TC1012223000000001F
Customer :;t;g;?;gi?ﬁiﬁ:;ﬁ:; Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 07.10.23
Project Madhuband Washery Sample Ref. No. REM/BCCL/2023/07 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of 05.07.23 240723 | Periodof 05.07.23 21.08.23 | Zone of Station: Buffer Zone
Sampling Analysis
Observed Values MOoEF Standards
(in pg/m3) Notification dated
13:) Parameter Xﬁ;{‘;ﬁ's o lflf':sf;'fnzf LDL 25th NAAQS, 2009
) 1st FN 2nd FN September,2000
(GSR742E)
1 PM;, IS -5182(Part 10 pg/m3-1000 | 10 pg/ms3 300 100
23):2006, R-2017 116 98 ug/m3
2 PM2s IS -5182(Part 10 pg/m3-400 | 10 pg/ms3 Not Specified 60
24):2019 63 52 ug/m?
3 SO: [S-5182(Part-2): )8 26 10 pg/m3-1050 | 10 ug/m3 120 80
2001, R-2017 ug/m?
4 NO, [S-5182  (Part-6): 1 <10 06 ug/m3*-420 | 06 pug/m3 120 80
2006 ,R-2017 ug/m?
**All units are in ug/m3, 24 hourly Average * LDL indicates Lower Detection Limit,
vy Sy et +—F
T el (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-IL

---- End of Report ----

Page -1 of 1

JOB NO. 200316028 Cluster — I, BCCL Environmental Monitoring Report




12

TC-10122

(5 Inf%ll:

‘/4 mm' pabm (}ompmw

Ambient Air Quality Test Report

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2cmpdi@coalindia.in

Test Report for Ambient Air Samples

Month & Year | 07/2023 | Cluster | ClusterII ULR No. TC1012223000000015F
Customer Environment Dep.art.me.:nt, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 07.10.23
gmenv.bccl@coalindia.in)
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/07 | Sampling Method CMPDI/RI-II/LPM 11, (IS 5182)
Date of 03.07.23 21.07.23 | Periodof 03.07.23 21.08.23 | Zone of Station: Buffer Zone
Sampling Analysis
Observed Values MOoEF Standards
Sl. (in pg/m3) Notification dated
N | Parameter ng“’s‘l‘s o lﬁf‘erﬁfn(’f LDL 25th NAAQS, 2009
o. y 1st FN 2nd FN g September,2000
(GSR742E)
1 PMjo IS -5182(Part 10 pg/m3-1000 | 10 pg/m3 300 100
23):2006, R-2017 80 91 pg/ms3
2 PMz;s IS -5182(Part 10 ug/m3-400 | 10 pg/m3 Not Specified 60
24):2019 41 54 ug/m3
3 SO, [S-5182(Part-2): 7 75 10 pg/m3-1050 | 10 pg/m3 120 80
2001, R-2017 hg/m?
4 NO; [S-5182 (Part-6): <10 10 06 pg/m3 - 420 06 pg/ms3 120 80
2006 ,R-2017 hg/ms
**All units are in ug/m3, 24 hourly Average * LDL indicates Lower Detection Limit,
j@#d(n;m&&ﬂ —za“ ¥ :::‘.m,,', N '_k’_’_> _*,@f
o el (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-1I.
---- End of Report ----
Page -1 of 1
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WATER QUALITY MONITORING

3.1 Location of sampling sites

(Refer Plate No. — 1)
)] Mine Discharge of Block I (MW2)

A sampling point is fixed to assess the effluent quality of Mine discharge. This
location is selected to monitor effluent discharge in to Khudia Nala.

3.2 Methodology of sampling and analysis

Water samples were collected as per standard practice. The effluent samples were
collected and analyzed for four parameters on fortnightly basis at the Environmental
Laboratory of CMPDI RI-Il, Dhanbad.

3.3 Results & Interpretations

The results are given in tabular form along with the applicable standards. Results are
compared with Schedule - VI, effluent prescribed by MoEF&CC. Results show that most of
the parameters are within the permissible limits.
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CMPDIL, RI-ll

e
) 7?:%% . CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED KOYLA BHAWAN COMPLEX
JE cmpai . ; ) DHANBAD. -826005
= v O“, Environment Laboratory, Regional Institute-II Phone:0326-223-850
S A Wi Rt Company MINE EFFLUENT TEST REPORT email: rdri2cmpdi@coalindia.in
Test Report for Mine Effluent samples
y:a‘:th & 07/2023 Cluster Cluster II ULR No. TC1012223000000020F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue | 07.10.23
Project Block II Sampling Ref. No. REM/BCCL/2023/07 Sampling Method I(i:ftzls) CMPDI/RI-II/LPM 13
Sampling (i) Block II Sample Collected in 2.5 Ltr Jerricane , Color as observed is transparent Xfll:l(;lgi(s)f 03.07.23 TO 03.08.23
Stations Date of Sampling 10.07.23 [ 24.07.23
Observed Values STANDARDS FOR COAL MINES LDL
. (Stipulated by Ministry of Environment
S1. No. Parameter Method of Analysis First Fortnight Second Fortnight and Forests (MoEF), Vide Notification
No. GSR 742(E), Dt: 25.09.2000)
Total Suspended | 1S3025/17:1984, R
1 Solids :2017, Gravimetric 38 42 100 (Max) 10
1S-3025/11:1983, R-
2 pH 2017, Electrometric 7.78 7.81 55-9.0 0.2
IS3025/39:1991,R:
3 0il & Grease 2019, Partition <2.0 <2.0 10 (Max) 2
Gravimetric
APHA 23rd Edition
4 COoD 5220 C Titrimetric 24 32 250 (Max) 4
Method

**Grab sampling carried out for water samples. **All units in mg/L unless specified otherwise *LDL indicates Lower Detection Limit & BDL indicates Below Detection Limit,

= (Kumar Vaibhav) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-II.
---- End of Report ----

Page -1 of 1
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NOISE LEVEL QUALITY MONITORING

4.1Location of sampling sites

i) Block 11 OCP (N4)
i) Muraidih OCP (N5)
iii) Madhuband Washery (N3)

iv)  Madhuband UGP (N33)

4.2 Methodology of sampling and analysis

Noise level measurements in form of 'Leg" were taken using Integrated Data Logging
Sound Level Meter during day time & night time. Noise levels were measured for the
complete day & night time, the Intergration time taken was one hour or 3600 seconds. Noise

levels were measured in Decibels, 'A' weighted average, i.e. dB (A).

4.2Results & Interpretations

Ambient noise levels were recorded during day time & night time and the observed values
were compared with standards prescribed by MoEF&CC. The results of Noise levels
recorded during day & night time on fortnightly basis are presented in tabular form along with
the applicable standard permissible limits. The observed values in terms of Legq are
presented. The observed values at all the monitoring locations are found to be within

permissible limits.
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED

Environment Laboratory, Regional Institute-II
Ambient Noise Level Test Report

A Wi Ratra Conpany
TC-10122
Month & Year 07/2023 | Cluster | Cluster II ULR No. TC1012223000000036F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 07.10.23
Project Block I1 OCP Sample Ref. No. REM/BCCL/2023/07 Sampling Method CMPDI/RI-II/LPM 22
Date of Sampling Zone Category of Core Zone
14.07.23 25.07.23 Station:
Observed Values Observed Values NOISE POLLUTION (REGULATION AND CONTROL)
5T R l‘;l:;r / Time of F(iirI;tLFe:r tc:l]i;(:) ) (inLeq dB(A)) l\;I\ethlod'of l?ngt? of S RULES, 2000 Standards
ght Second Fortnight U VSS Gty Zones Limits in dB
1 06:00 - 07:00 48.7 47.1
2 07:00 - 08:00 48 47.8
3 08:00 - 09:00 48.9 49.9
4 09:00 - 10:00 50 50.9
5 10:00 - 11:00 52,5 53
6 11:00-12:00 53 53.3
7 12:00-13:00 55.1 56.7 CPCB, Protocol for Industrial 75
8 Noise Level dB(A)Leq | _13:00 - 14:00 60 61.8 Ambient Level 5d 5d 35 Commercial 65
9 - Day 14:00 - 15:00 62.2 64.1 Noise Monitoring - 35dB-135dB dB(A) Residential 55
10 15:00 - 16:00 50.4 61.1 2015 Silence 50
11 16:00-17:00 60.1 62.2
12 17:00 - 18:00 62.2 66
13 18:00 - 19:00 64.4 63.3
14 19:00 - 20:00 62.2 61.7
15 20:00 - 21:00 60 60.7
16 21:00 - 22:00 58.7 57.7
Leq DAY 59.2 60.4
1 22:00-23:00 58.8 56.2
2 23:00- 00:00 58.4 55.8
3 00:00- 01:00 51.5 52.3 CPCB, Protocol for Industrial 70
4 Noise Level dB(A)Leq | 01.00-02.00 51.2 51.3 Ambient Level 35 dB-135 dB 35 Commercial 55
5 -Night 02.00-03.00 50.5 50.1 Noise Monitoring - dB(A) Residential 45
6 03.00-04.00 51.8 52.4 2015 Silence 50
7 04.00-05.00 52.2 52.3
8 05:00-06:00 52.9 53.4
Leq NIGHT 54.7 53.4
*LDL indicates Lower Detection Limit
**All noise measurements are integrated for a 01 hour period, All units in dB(A)
L, avemonr Ko d— ‘*——I J_(
i 5 (Amit
Sampling Assistants (Gaurav Kant) Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-I1.

---- End of Report ----

Page -1 of 1
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED

Environment Laboratory, Regional Institute-II
Ambient Noise Level Test Report

CMPDIL, RI-lI

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

Month & Year 07/2023 | Cluster | Cluster II ULR No. TC1012223000000036F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 07.10.23
Project Muraidih OCP Sample Ref. No. REM/BCCL/2023/07 Sampling Method CMPDI/RI-II/LPM 22
Date of Sampling 04.07.23 22 07.23 Zone Category of Station: Core Zone
o Tt Ol.)served Values Ol.)served Values Method of Range Of NOISE POLLUTION (REGULATION AND CONTROL)
Sl. No. Parameter T (Im Leq dE.!(A] ) (in Leq dB(/?] ) e Testing LDL RULES: 290q Standards
First Fortnight Second Fortnight Zones Limits in dB
1 06:00-07:00 445 45
2 07:00 - 08:00 45.6 47.5
3 08:00 - 09:00 50.6 50
4 09:00 - 10:00 51.7 52.4
5 10:00 - 11:00 525 52.9
6 11:00 - 12:00 55 54.8
7 12:00 - 13:00 6.1 S7 CPCB, Protocol Industrial 75
S Noise Le_vggt;B(A)Leq igg 1‘;22 g%g gg; fb‘l’;l‘::‘h‘/’l‘:;tt;fl‘fgl 35dB-135dB | 35 dB(A) iiﬁ?:;;fll §§
10 15:00 - 16:00 55 56.1 -2015 Silence 50
11 16:00 - 17:00 49.7 48.7
12 17:00 - 18:00 45.5 45.5
13 18:00 - 19:00 44 43.9
14 19:00 - 20:00 44.5 44.2
15 20:00 - 21:00 43.9 44
16 21:00 - 22:00 43.7 42.8
Leq DAY 51.2 51.6
1 22:00-23:00 43 42.5
2 23:00- 00:00 42.6 40.8
3 00:00-01:00 42.2 40 CPCB, Protocol Industrial 70
: e TR 7 307 et ooy | 35dB13san | 3san(m) | e .
6 03.00-04.00 41.2 40.4 2015 Silence 50
7 04.00-05.00 42.8 42.1
8 05:00-06:00 42.8 42.7
Leq NIGHT 42.3 41.2

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

L2, oo K t—

(Gaurav Kant)

REVIEWED BY

“?k'-_( =t (Amit

Raj Mishra)
Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env) , CMPDI, RI-II.

JOB NO. 200316028

Cluster — II, BCCL

Environmental Monitoring Report
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---- End of Report ----

Page -1 of 1

C”LPJL'

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Noise Level Test Report

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

Te-t0122 A Wieai Rt Comprany email: rdri2cmpdi@coalindia.in
Month & Year 07/2023 | Cluster | Cluster 11 ULR No. TC1012223000000035F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 07.10.23
Project Madhuband Washery Sample Ref. No. REM/BCCL/2023/07 Sampling Method CMPDI/RI-II/LPM 22

Date of Sampling 05.07.23 24.07.23 Zone Category of Station: Buffer Zone
Hour / Time of Ol')served Values Ol?served Values Method of Range Of NOISE POLLUTION (REGULATION AND CONTROL)
SI. No. Parameter e (in Leq dB(A)) (inLeq dB(A)) i — Testing LDL RULES, 2000 Standards
First Fortnight Second Fortnight Zones Limits in dB
1 06:00 - 07:00 64.1 64.3
2 07:00 - 08:00 51.9 48.8
3 08:00 - 09:00 50.6 46.1
4 09:00 -10:00 66.1 68.7
5 10:00 - 11:00 58.4 55.1
6 11:00-12:00 52.5 525
7 ggg - ﬁgg 59.9 61.9 CPCB, Protocol Industrial 75
2 Noise Level dB(A)Leq 59.4 58.3 for{Amblen.t Leyel 35 dB-135 dB 35 dB(A) Comlmerc.lal 65
- Day 14:00 - 15:00 59.1 59.9 Noise Monitoring Residential 55
10 15:00 - 16:00 55.8 56.5 -2015 Silence 50
11 16:00 - 17:00 62.7 64.1
12 17:00 - 18:00 49.2 48.2
13 18:00 - 19:00 58 58.8
14 19:00 - 20:00 62.7 63.7
15 20:00 - 21:00 59.3 59.7
16 21:00 - 22:00 58 59.1
Leq DAY 60.2 61.4
1 22:00-23:00 57.5 58.4
2 23:00- 00:00 57.3 57.4
3 00:00- 01:00 56.8 57.1 CPCB, Protocol Industrial 70
4 Noise Level dB(A)Le 01.00-02.00 56.4 56.7 for Ambient Level Commercial 55
5 -Night (tea 02.00-03.00 56.2 55.5 Noise Monitoring 35dB-135 dB 35 dB(A) Residential 45
6 03.00-04.00 55.2 55.3 -2015 Silence 50
7 04.00-05.00 55.3 55.3
8 05:00-06:00 55.5 56.4
Leq NIGHT 56.4 56.6

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

2, aeron Kant—

“?k'-_( =t (Amit

Sampling Assistants (Gaurav Kant) Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env) , CMPDI, RI-II.
---- End of Report ----
Page -10of 1

JOB NO. 200316028

Cluster — II, BCCL

Environmental Monitoring Report
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c MPCJI:

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Noise Level Test Report

CMPDIL, RI-Il
KOYLA BHAWAN COMPLEX
DHANBAD. -826005

A Wi Ratnes Conpany Phone:0326-223-850
Te-enz2 email: rdri2Zcmpdi@coalindia.in
Month & Year 07/2023 I Cluster Cluster II ULR No. TC1012223000000049F
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 07.10.23
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/07 Sampling Method CMPDI/RI-II/LPM 22
s Date of Sampling 03.07.23 21.07.23 Zone Category of Station: Buffer Zone
i Observed Values Observed Values NOISE POLLUTION (REGULATION AND CONTROL)
SL. No. Parameter ‘Pil:;r / Time of F('m Leq dB(A)) (inLeq dB(A)) “:ifill;‘sii:f ‘};‘;%fn(g)f LDL RULES, 2000 Standards
irst Fortnight Second Fortnight Zones Limits in dB
1 06:00 - 07:00 40.3 40.9
2 07:00 - 08:00 43.1 42.4
3 08:00 - 09:00 46.4 46.8
4 09:00 - 10:00 47.6 47.4
5 10:00 - 11:00 47.4 475
6 11:00-12:00 47.1 46.8
; 1;38 - ﬁgg 5‘183 ‘51‘71; CPCB, Protocol Industrial 75
Noise Level dB(A)Le 00 - 14 . . for Ambient Level Commercial 65
9 - Day (Wtea 14:00 - 15:00 525 525 Noise Monitoring 35dB-135 dB 35dB(A) Residential 55
10 15:00 - 16:00 53 49.7 -2015 Silence 50
11 16:00 - 17:00 46 46.1
12 17:00 - 18:00 44.9 44.8
13 18:00 - 19:00 44.4 44.3
14 19:00 - 20:00 44.2 43.8
15 20:00 - 21:00 44 43.4
16 21:00 - 22:00 42.8 43
Leq DAY 47.9 48.1
1 22:00-23:00 42.3 42.8
2 23:00- 00:00 42.2 42.9
3 00:00- 01:00 iii ?é; CPCB, Protocol Industrial 70
4 Noise Level dB(A)Le 01.00-02.00 . . for Ambient Level Commercial 55
5 -Night (Wtea 02.00-03.00 41.1 41.6 Noise Monitoring 35dB-135dB 35dB(A) Residential 45
6 03.00-04.00 42,5 42.8 -2015 Silence 50
7 04.00-05.00 42.8 43
8 05:00-06:00 43.1 42.9
Leq NIGHT 42.2 42.5

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

R

(Gaurav Kant)
REVIEWED BY

Raj Mishra)
Authorised Signatory

(Amit

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-I1.

---- End of Report ----

JOB NO. 200316028

Cluster — Il, BCCL

Environmental Monitoring Report




AMBIENT AIR QUALITY DATA

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Air Quality Test Report

Cc mpc[i

= A Wi Pt C';m,m, email: rdri2cmpdi@coalindia.in
Test Report for Ambient Air Samples
Month & Year | 06/2023 | Cluster | Cluster II Report No. RI-1I/AIR/2023-24/06
Customer Environment Dep_art¥ne_ent, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.09.23
gmenv.bccl@coalindia.in)
Project Block Il OCP Sample Ref. No. REM/BCCL/2023/03 | Sampling Method CMPDI/RI-II/LPM 13, (IS 5182)
goate of 03.06.23 19.06.23 | Periodof 01.07.23 22.08.23 | Zone of Station: Core Zone
ampling Analysis
Observed Values MoEF Standards
(in pg/m3) Notification dated
1::) Parameter XI‘:;:“’S?S o lﬁf";gtfnm LDL 25th NAAQS, 2009
) y 1st FN 2nd FN g September,2000
(GSR742E)
1 PMio IS -5182(Part 37 114 10 pg/m3-1000 | 10 pg/m3 300 100
23):2006, R-2017 ug/m?
2 PM; ;s IS -5182(Part a1 63 10 ug/m3-400 | 10 pg/m3 Not Specified 60
24):2019 ng/m?
3 SO, [S-5182(Part-2): 10 pg/m3-1050 | 10 pg/ms3 120 80
2001, R-2017 <10 <10 hg/m?
4 NO; [S-5182  (Part-6): 26 55 06 ug/m3 - 420 06 pg/ms3 120 80
2006 ,R-2017 ng/m?
**All units are in ug/m3, 24 hourly Average, * LDL indicates Lower Detection Limit,
Sy = & (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,

RI-IL

---- End of Report ----

Page -1of 1
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Ambient Air Quality Test Report

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2Zcmpdi@coalindia.in

Test Report for Ambient Air Samples

Month & Year 06/2023 | Cluster | Cluster II Report No. RI-II/AIR/2023-24/06
Customer Environment Dep.art.me.:nt, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.09.23
gmenv.bccl@coalindia.in)
Project Muraidih OCP Sample Ref. No. REM/BCCL/2023/03 | Sampling Method CMPDI/RI-II/LPM 13, (IS 5182)
Date of 01.06.23 160623 | Periodof 01.07.23 22.08.23 | Zone of Station: CoreZ
Sampling e A Analysis N -Uo. : ore Zone
Observed Values MOoEF Standards
(in pg/m3) Notification dated
l\skl) Parameter XI‘:;:“’S?S o lﬁf‘erﬁfn(’f LDL 25th NAAQS, 2009
’ y 1st FN 2nd FN g September,2000
(GSR742E)
1 PMio IS -5182(Part 37 95 10 pg/m3-1000 | 10 pg/ms3 300 100
23):2006, R-2017 ug/m?
2 PM2s IS -5182(Part 48 59 10 pg/m3-400 | 10 pg/ms3 Not Specified 60
24):2019 hg/m?
3 SO, [S-5182(Part-2): 10 pg/m3-1050 | 10 pg/m3 120 80
2001, R-2017 <10 <10 hg/ms
4 NO; [S-5182  (Part-6): 25 2 06 pg/m3 - 420 06 pg/m3 120 80
2006 , R-2017 hg/m?
* LDL indicates Lower Detection Limit,
**All units are in ug/m3, 24 hourly Average,
T@F"‘@l‘“w —3'&_ Ly aanans Kt ,_}:,_F» ==
s = g (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-1I.
---- End of Report ----
Page -1 of 1

JOB NO. 200316028

Cluster — I, BCCL

Environmental Monitoring Report
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CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II
Ambient Air Quality Test Report

(5 mpcli

= A Wi Pt C)amfm, email: rdri2cmpdi@coalindia.in
Test Report for Ambient Air Samples
Month & Year 06/2023 | Cluster | Cluster 11 Report No. RI-II/AIR/2023-24/06
Customer Environment Dep_art¥ne_ent, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.09.23
gmenv.bccl@coalindia.in)
Project Madhuband Washery Sample Ref. No. REM/BCCL/2023/03 | Sampling Method CMPDI/RI-II/LPM 13, (IS 5182)
Date of 02.06.23 17.06.23 | Periodof 01.07.23 22.08.23 | Zone of Station: Buffer Zone
Sampling Analysis
Observed Values MoEF Standards
(in pg/m3) Notification dated
13:) Parameter xf;:“’s‘lls i ?;%fnm LDL 25th NAAQS, 2009
' y 1stFN 2nd FN g September,2000
(GSR742E)
1 PMio IS -5182(Part 9 118 10 pg/m3-1000 | 10 pg/ms3 300 100
23):2006, R-2017 ng/m?
2 PM2s IS -5182(Part 53 62 10 pg/m3-400 | 10 pg/m3 Not Specified 60
24):2019 hg/m?
3 SO, [S-5182(Part-2): 10 ug/m3-1050 | 10 pg/m3 120 80
2001,R-2017 <10 <10 hg/m?
4 NO; [S-5182  (Part-6): 24 25 06 pug/m3 - 420 06 pg/m3 120 80
2006 ,R-2017 hg/m?
**All units are in ug/m3, 24 hourly Average * LDL indicates Lower Detection Limit,
%JW —@- A{:’}’ S *f.?' — ‘_k-l ;_‘g’
by = g (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPD],
RI-IL

---- End of Report ----

Page -1 of 1

JOB NO. 200316028 Cluster — I, BCCL Environmental Monitoring Report
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2cmpdi@coalindia.in

Ambient Air Quality Test Report

Test Report for Ambient Air Samples

Month & Year 06/2023 | Cluster | Cluster II Report No. RI-II/AIR/2023-24/06
Customer Environment Dep_art¥ne_ent, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: Date of Issue 04.09.23
gmenv.bccl@coalindia.in)
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/03 | Sampling Method CMPDI/RI-II/LPM 13, (IS 5182)
Date .Of 06.06.23 22.06.23 Period of 01.07.23 22.08.23 Zone of Station: Buffer Zone
Sampling Analysis
Observed Values MOoEF Standards
Sl (in pg/m3) Notification dated
N | Parameter Xl‘f;:“;‘l's o ?;%fnm LDL 25th NAAQS, 2009
0. y 1stEN 2nd FN g September,2000
(GSR742E)
1 PM;, IS -5182(Part 115 95 10 ug/m3-1000 | 10 pg/m3 300 100
23):2006, R-2017 ng/m?
2 PM2s IS -5182(Part 62 56 10 pg/m3-400 | 10 pg/m3 Not Specified 60
24):2019 hg/m?
3 SO, [S-5182(Part-2): 13 <10 10 ug/m3-1050 | 10 pg/m3 120 80
2001, R-2017 hg/m?
4 NO; [S-5182  (Part-6): ’3 30 06 ug/m*-420 | 06 pug/m3 120 80
2006 ,R-2017 hg/m?
**All units are in ug/m3, 24 hourly Average * LDL indicates Lower Detection Limit,
.@F‘JW T&b _,_,i; averons Ko '_k-l ;‘g-‘—
Sy = (Gaurav Kant) (Amit Raj Mishra)
ANALYSED BY REVIEWED BY Authorised Signatory
Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI,
RI-II.
---- End of Report ----
Page -1 of 1

JOB NO. 200316028

Cluster — I, BCCL

Environmental Monitoring Report
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AMBIENT AIR QUALITY AT AMBIENT AIR QUALITY AT
BLOCK Il OCP MURAIDIH OCP

06. 06. =NAAQS ® GSR Standard
203.06.2023 ®19.06.2023 =NAAQS ® GSR Standards =01.06.:2023  =16.06.2023 Q andards

350 200 320 300
200 300 =
250 250 =
500 200 %
150 120 120 150 = 120 120
100 63 60 100 =
a1
50 = 50 =
== o 0 == o 0
0 o = 0 = =
PM10 PM2.5 PM10 PM2.5 NOX
AMBIENT AIR QUALITY AT AMBIENT AIR QUALITY AT
MADHUBAND WASHERY MADHUBAND UGP
202062023 =17.062023 =NAAQS EGSR Standards H06.06.2023 m22.06.2023 =NAAQS ®GSR Standards
350 350
300 300
300 - 300 —
250 = 250 =
200 = 200 =
150 - 120 120 150 =
100 = o 62 60 100 =
50 _ = 50 =
=== 0 =
O — = O —

PM10 PM2.5 Sox NOX
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WATER QUALITY MONITORING

3.1 Location of sampling sites

(Refer Plate No. — 1)
)] Mine Discharge of Block I (MW2)

A sampling point is fixed to assess the effluent quality of Mine discharge. This location
is selected to monitor effluent discharge in to Khudia Nala.

3.2 Methodology of sampling and analysis

Water samples were collected as per standard practice. The effluent samples were
collected and analyzed for four parameters on fortnightly basis at the Environmental
Laboratory of CMPDI RI-II, Dhanbad.

3.3 Results & Interpretations

The results are given in tabular form along with the applicable standards. Results are
compared with Schedule - VI, effluent prescribed by MoEF&CC. Results show that most of
the parameters are within the permissible limits.
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

MINE EFFLUENT TEST REPORT

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

email: rdri2cmpdi@coalindia.in

Test Report for Mine Effluent samples

Month &

Year 06/2023 Cluster Cluster II Report No. RI-1I/water/2023-24/06
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue | 22.08.23
Project Block II Sampling Ref. No. REM/BCCL/2023/03 Sampling Method g:ﬁzf) CMPDI/RI-II/LPM 13
. . . . Period of
S;tmt]_)lmg () Block II Sample Collected in 2.5 Ltr Jerricane , Color as observed is transparent Analysis 05.06.23 TO 30.06.23
ations Date of Sampling 05.06.23 | 19.06.23
Observed Values STANDARDS FOR COAL MINES LDL
. (Stipulated by Ministry of Environment
S1. No. Parameter Method of Analysis First Fortnight Second Fortnight and Forests (MoEF), Vide Notification
No. GSR 742(E), Dt: 25.09.2000)
Total Suspended | 1S3025/17:1984, R
1 Solids :2017, Gravimetric 31 34 100 (Max) 10
1S-3025/11:1983, R-
2 pH 2017, Electrometric 7.69 7.79 55-9.0 0.2
1S 3025/39:1991,R:
3 0il & Grease 2019, Partition <2.0 <2.0 10 (Max) 2
Gravimetric
APHA 23rd Edition
4 COoD 5220 C Titrimetric 28 28 250 (Max) 4
Method

**Grab sampling carried out for water samples. **All units in mg/L unless specified otherwise *LDL indicates Lower Detection Limit & BDL indicates Below Detection Limit,

ANALYSED BY

\q_____-..
(Kumar Vaibhav)
REVIEWED BY

'_k'_'_» _“4@*
(Amit Raj Mishra)
Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-II.

---- End of Report ----

Page -1 of 1
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NOISE LEVEL QUALITY MONITORING

4.1Location of sampling sites

i) Block 11 OCP (N4)
i) Muraidih OCP (N5)
iii) Madhuband Washery (N3)

iv)  Madhuband UGP (N33)

4.2 Methodology of sampling and analysis

Noise level measurements in form of 'Leg" were taken using Integrated Data Logging
Sound Level Meter during day time & night time. Noise levels were measured for the complete
day & night time, the Intergration time taken was one hour or 3600 seconds. Noise levels were

measured in Decibels, 'A' weighted average, i.e. dB (A).

4.2Results & Interpretations

Ambient noise levels were recorded during day time & night time and the observed values
were compared with standards prescribed by MOEF&CC. The results of Noise levels recorded
during day & night time on fortnightly basis are presented in tabular form along with the
applicable standard permissible limits. The observed values in terms of Leg are presented.

The observed values at all the monitoring locations are found to be within permissible limits.
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED

Environment Laboratory, Regional Institute-II
Ambient Noise Level Test Report

Month & Year 06/2023 | Cluster I Cluster II Report No. RI-II/NOISE/2023-24/06
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.09.23
Project Block I OCP Sample Ref. No. REM/BCCL/2023/03 Sampling Method CMPDI/RI-II/LPM 13
Date of Sampling Zone Category of Core Zone
03.06.23 19.06.23 | station:
Observed Values Observed Values NOISE POLLUTION (REGULATION AND CONTROL)
Sl. No. Parameter Hour / Time of day éii:tL::r;?g(ﬁz ) S(::oll;?iqi‘:ll?t(rfi;lit let;;gi:f l?ensgtfngf LDL RULES120001Standatds
Zones Limits in dB
1 06:00 - 07:00 51 49.4
2 07:00 - 08:00 50.3 50.1
3 08:00 - 09:00 51.2 52.3
4 09:00 - 10:00 52.4 53.3
5 10:00-11:00 55 55.5
6 11:00 - 12:00 55.5 55.8
7 12:00 - 13:00 57.7 59.4 CPCB, Protocol for Industrial 75
8 Noise Level dB(A)Leq | 13:00-14:00 62.9 64.7 Ambient Level 35 dB-135 dB 35 Commercial 65
9 - Day 14:00 - 15:00 65.2 67.1 Noise Monitoring - dB(A) Residential 55
10 15:00 - 16:00 62.2 64 2015 Silence 50
11 16:00 -17:00 63 65.2
12 17:00 - 18:00 65.2 69.1
13 18:00 - 19:00 67.5 66.3
14 19:00 - 20:00 65.2 64.6
15 20:00 - 21:00 62.9 63.6
16 21:00 - 22:00 61.5 60.4
Leq DAY 62.2 63.4
1 22:00-23:00 58.6 56
2 23:00- 00:00 58.2 55.6
3 00:00- 01:00 51.3 52.1 CPCB, Protocol for Industrial 70
4 Noise Level dB(A)Leq | 01.00-02.00 51 51.1 Ambient Level 35 dB-135 dB 35 Commercial 55
5 -Night 02.00-03.00 50.3 49.9 Noise Monitoring - dB(A) Residential 45
6 03.00-04.00 51.6 522 2015 Silence 50
7 04.00-05.00 52 52.1
8 05:00-06:00 52.7 53.2
Leq NIGHT 54.5 53.2

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

L, averos Ko d—

(Gaurav Kant)
REVIEWED BY

e — £

Raj Mishra)

Authorised Signatory

(Amit

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env) , CMPDI, RI-II.

---- End of Report ----

Page -1 of 1
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED
Environment Laboratory, Regional Institute-II

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

Ambient Noise Level Test Report

Month & Year 06/2023 | Cluster I Cluster II Report No. RI-II/NOISE/2023-24/06
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.09.23
Project Muraidih OCP Sample Ref. No. REM/BCCL/2023/03 Sampling Method CMPDI/RI-II/LPM 13
Date of Sampling 01.06.23 16.06.23 Zone Category of Station: | Core Zone
i Ol?served Values OI.Jserved Values Method of Range Of NOISE POLLUTION (REGULATION AND CONTROL)
Sl. No. Parameter Hour / Time of day (.m Leq dl.3(A) ) (in Leq dB(.l?) ) Cor Testing LDL RULES: 2(.)00. Standards
First Fortnight Second Fortnight Zones Limits in dB
1 06:00 - 07:00 46.6 47.2
2 07:00 - 08:00 47.8 49.8
3 08:00 - 09:00 53 52.4
4 09:00 - 10:00 54.2 54.9
5 10:00 - 11:00 55 55.4
6 11:00 - 12:00 57.6 57.4
; i;gg - 1288 ggg ;91; CPCB, Protocol Industrial 75
Noise Level dB(A)Le 00 - 14: . . for Ambient Level Commercial 65
9 - Day (tea 14:00 - 15:00 55 55.4 Noise Monitoring 35dB-135 dB 35dB(a) Residential 55
10 15:00 - 16:00 57.6 58.8 -2015 Silence 50
11 16:00 - 17:00 52.1 51
12 17:00 - 18:00 47.7 47.7
13 18:00 - 19:00 46.1 46
14 19:00 - 20:00 46.6 46.3
15 20:00 - 21:00 46 46.1
16 21:00 - 22:00 45.8 44.9
Leq DAY 53.7 54.2
1 22:00-23:00 42.9 42.4
2 23:00- 00:00 42.5 40.7
z 32:33'0021;]%0 4;; 333 CPCB, Protocol Industrial 70
: e Mz000300 i 396 Noise Monitorng | 35 @B13508 | 35aB@) | AT s
6 03.00-04.00 411 403 -2015 Silence 50
7 04.00-05.00 42.7 42
8 05:00-06:00 42.7 42.6
Leq NIGHT 42.2 41.1

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

2, e Kt

(Gaurav Kant)
REVIEWED BY

"AL'_’_ =1 (Amit

Raj Mishra)
Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-IL.

JOB NO. 200316028

Cluster — II, BCCL

Environmental Monitoring Report
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---- End of Report ----

Page -1 of 1
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED

Environment Laboratory, Regional Institute-II

CMPDIL, RI-II

KOYLA BHAWAN COMPLEX
DHANBAD. -826005
Phone:0326-223-850

-~ (:’.’“\&. 4 4’ hni ].L_. (’ . . . . . .
Te-10122 Z ompany Amblent Noise Level TeSt Report email: rdri2cmpdi@coalindia.in
Month & Year 06/2023 | Cluster I Cluster II Report No. RI-II/NOISE/2023-24/06
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.09.23
Project Madhuband Washery Sample Ref. No. REM/BCCL/2023/03 Sampling Method CMPDI/RI-II/LPM 13
Date of Sampling 02.06.23 17.06.23 Zone Category of Station: Buffer Zone
i Ol.)served Values Ol')served Values Method of Range Of NOISE POLLUTION (REGULATION AND CONTROL)
Sl No. Parameter Hour / Time of day (.m Leq dl'Z(A) ) (in Leq dB(.l?) ) Analysis Testing LDL RULES: 2(')00. Standards
First Fortnight Second Fortnight Zones Limits in dB
1 06:00-07:00 67.1 67.3
2 07:00 - 08:00 54.4 51.1
3 08:00 - 09:00 53 48.3
4 09:00 - 10:00 69.2 72.1
5 10:00 - 11:00 61.2 57.7
6 11:00 - 12:00 55 55
; 1;22 - 1222 22; gii CPCB, Protocol Industrial 75
Noise Level dB(A)Le VU= 14 . . for Ambient Level Commercial 65
9 - Day (tea 14:00 - 15:00 61.9 62.7 Noise Monitoring 35dB-135dB 35 dB(A) Residential 55
10 15:00 - 16:00 58.5 59.2 -2015 Silence 50
11 16:00 - 17:00 65.7 67.1
12 17:00 - 18:00 51.6 50.5
13 18:00 - 19:00 60.8 61.6
14 19:00 - 20:00 65.7 66.7
15 20:00 - 21:00 62.1 62.5
16 21:00 - 22:00 60.8 61.9
Leq DAY 63.1 64.4
1 22:00-23:00 57.3 58.2
2 23:00- 00:00 57.1 57.2
z 22133'0021;;0 222 zgg CPCB, Protocol Industrial 70
5 Notse L?KI?;S?(A)Leq 02.00-03.00 56 55.3 %);i[:::nhl/)lf:ittgrei‘:legl 35dB-135dB 35dB(A) E{Zr;?:rll‘fi;l Zg
6 03.00-04.00 55 55.1 -2015 Silence 50
7 04.00-05.00 55.1 55.1
8 05:00-06:00 55.3 56.2
Leq NIGHT 56.2 56.4

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants

ANALYSED BY

2, e Ko d—

(Gaurav Kant)
REVIEWED BY

‘_}L-_( =t (Amit

Raj Mishra)
Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env) , CMPDI, RI-1I.

---- End of Report ----

JOB NO. 200316028

Cluster — II, BCCL

Environmental Monitoring Report
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CENTRAL MINE PLANNING AND DESIGN INSTITUTE LIMITED

CVIPDIL, RI-IT
KOYLA BHAWAN COMPLEX
DHANBAD. -826005

A Wi Ret Compeny Environment Laboratory, Regional Institute-II Phone:0326-223-850
remzz . . email: rdri2cmpdi@coalindia.in
Ambient Noise Level Test Report
Month & Year 06/2023 | Cluster Cluster II Report No. RI-II/NOISE/2023-24/06
Customer Environment Department, Bharat Coking Coal Limited (BCCL), Koyla Bhawan, Dhanbad (E-mail: gmenv.bccl@coalindia.in) Date of Issue 04.09.23
Project Madhuband UGP Sample Ref. No. REM/BCCL/2023/03 Sampling Method CMPDI/RI-II/LPM 13
s Date of Sampling 06.06.23 22.06.23 Zone Category of Station: Buffer Zone
Observed Values Observed Values NOISE POLLUTION (REGULATION AND CONTROL)
SI. No. Parameter Hour / Time ofday | (inLeq dB(A)) (inLeq dB(A)) Method.of Rangfa 3 LDL RULES, 2000 Standards
First Fortnight Second Fortnight Analysis Testing Zones Limits in dB
1 06:00-07:00 42.3 42.9
2 07:00 - 08:00 45.2 44.4
3 08:00 - 09:00 48.6 49
4 09:00 - 10:00 49.9 49.7
5 10:00-11:00 49.7 49.8
6 11:00 - 12:00 49.4 49
7 iigg - 1288 ggz 55705 CPCB, Protocol Industrial 75
8 Noise Level dB(A)Le 00 - 14: . . for Ambient Level Commercial 65
9 - Day (tea 14:00 - 15:00 55 55 Noise Monitoring 35dB-135 dB 35dB(a) Residential 55
10 15:00 - 16:00 555 521 -2015 Silence 50
11 16:00 - 17:00 48.2 48.3
12 17:00 - 18:00 47.1 47
13 18:00 - 19:00 46.5 46.4
14 19:00 - 20:00 46.3 45.9
15 20:00 - 21:00 46.1 45.5
16 21:00 - 22:00 44.9 45.1
Leq DAY 50.3 50.5
1 22:00-23:00 42.2 42.7
2 23:00- 00:00 42.1 42.8
3 00:00- 01:00 4‘;23 jﬁ; CPCB, Protocol Industrial 70
4 i 01.00-02.00 . . i i
: Nobe Loy dBlen | 1000200 . pambenied | ssanissan | ssany | Some p
6 03.00-04.00 42.4 42.7 -2015 Silence 50
7 04.00-05.00 42.7 42.9
8 05:00-06:00 43 42.8
Leq NIGHT 42.1 42.4

*LDL indicates Lower Detection Limit

**All noise measurements are integrated for a 01 hour period, All units in dB(A)

Sampling Assistants
ANALYSED BY

R, axverens Kot —

(Gaurav Kant)
REVIEWED BY

"TOk'_'_” = (Amit

Raj Mishra)
Authorised Signatory

Note: The results above relate to the samples tested as received. This report can not be reproduced in part or full without the written permission of the HOD(Env), CMPDI, RI-I1.

---- End of Report ----
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As per the Environment (Protection) Amendment Rules, 2000 notified vide notification G.S.R.

Note:

Ambient Air Quality Standards for Jharia Coal Field

742(E), dated 25.9.2000.

Category Pollutant Time Concentration Method of
weighted | in Ambient Air Measurement
average
1 2 3 4 5
i Suspended Annual 500 pg/m? - High Volume
Particulate Matter | Average Sampling
Coal mines located (SPM) * (Average flow
in the coal fields of 24 hours 700 pg/m’ rate not less
e Jharia ke than 1.1
: gzigzm Respirable Annual 250 pg/m® Respirable
Particulate Matter | Average Particulate Matter
(size less than 10 * sampling and
um) (RPM) 24 hours | 300 pg/m® analysis
**
Sulphur Dioxide Annual 80 pg/m’ 1.Improvedwest
(SO2) Average and Gaeke
* , method
ii hours | 120 ug/m 2.Ultraviolet
fluorescene
Oxide of Nitrogen | Annual 80 pg/m® 1. Jacob &
as NO- Average Hochheiser
* Modified (Na-
24 hours | 120 pg/m® Arsenic)
** Method
2. Gas phase
Chemilumine-
scence

20

* Annual Arithmetic mean for the measurements taken in a year, following the guidelines for frequency of
sampling laid down in clause2.

**  24hourly/8hourlyvaluesshallbemet 92%ofthetimeinayear.However,8% of the time it may exceed but not on two
consecutive days.
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NATIONAL AMBIENT AIR QUALITY STANDARDS
New Delhi the 18" November 2009

In exercise of the powers conferred by Sub-section (2) (h) of section 16 of the Air (Prevention and Control of Pollution)
Act, 1981 (Act No. 14 of 1981), and in supersession of the notification No(s).S.0.384(E), dated 11" April 1994 and
S.0.935(E), dated 14" NOVEMBER 1998, the Central Pollution Control Board hereby notify the National Ambient Air
Quality Standards with immediate effect.

Time Concentration in Ambient Air | Methods of Measurement
Weighted Industrial, Ecologically
Pollutant Average Residentia Sensitive Area
I, Rural (Notified by
and other Central
Areas Government)
Sulphur Dioxide (SO>), Annual * 50 20 -Improved West and Gaeke
pg/m?3 24 Hours ** 80 80 Method
-Ultraviolet Fluorescence
Nitrogendioxide (NOz2), Annual * 40 30 -Jacob &Hochheiser modified
pg/m?3 24 Hours ** 80 80 (NaOH-NaAsO2) Method
-Gas Phase Chemiluminescence
Particulate Matter (Size Annual * 60 60 -Gravimetric
less than 10um) or PMuo, 24 Hours ** 100 100 -TEOM
pg/m3 -Beta attenuation
Particulate Matter (Size Annual * 40 40 -Gravimetric
less than 2.5um) or PMzs, 24 Hours ** 60 60 -TEOM
ug/m?3 -Beta attenuation
Ozone (Os) , ug/m? 8 Hours * 100 100 -UV Photometric
1 Hour ** 180 180 -Chemiluminescence
-Chemical Method
Lead (Pb), pg/m3 Annual * 0.50 0.50 -AAS/ICP Method after sampling
24 Hours ** 1.0 1.0 on EPM 2000 or equivalent filter
paper
-ED-XRF using Teflon filter
Carbon Monoxide (CO), 8 Hours ** 02 02 -Non dispersive Infrared (NDIR)
mg/m?3 1 Hour ** 04 04 Spectroscopy
Ammonia (NHs), pg/m?3 Annual * 100 100 -Chemiluminescence
24 Hours ** 400 400 -Indophenol blue method
Benzene (CeHs), ug/m? Annual * 05 05 -Gas Chromatography (GC)
based continuous analyzer
-Adsorption and desorption
followed by GC analysis
Benzo(a)Pyrene (BaP) Annual * 01 01 -Solvent extraction followed
Particulate phase only, byHPLC/GC analysis
ng/m3
Arsenic (As), ng/m3 Annual * 06 06 -AAS/ICP Method after sampling
on EPM 2000 or equivalent filter
paper
Nickel (Ni), ng/m3 Annual * 20 20 -AAS/ICP Method after sampling
on EPM 2000 or equivalent filter
paper

*  Annual Arithmetic mean of minimum 104 measurements in a year at a particular site taken twice a week 24 hourly at uniform

intervals.

** 24 hourly or 8 hourly or 1 hourly monitored values, as applicable, shall be complied with 98% of the time in a year. 2% of the time,

they JUNE exceed the limits but not on two consecutive days of monitoring.
NOTE:Whenever and wherever monitoring results on two consecutive days of monitoring exceed the limits specified above for the respective
category, it shall be considered adequate reason to institute regular or continuous monitoring and further investigations.

JOB NO. 200316028 Cluster — I, BCCL Environmental Monitoring Report
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Executive Summary

1. Project Land reclamation/ restoration monitoring of five clusters
of (Opencast + Underground) coal mines of Bharat
Coking Coal Ltd. (BCCL) based on satellite data on every
three-year basis.

2. Objective Objective of land reclamation/ restoration monitoring is to
assess the area of backfilled, plantation, social forestry,
active mining area, water bodies, distribution of
wasteland, agricultural land and forest in the leasehold
area of the project. This will help in assessing the
progressive status of mined land reclamation and to take
up remedial measures, if any, required for environmental
protection.

3. Salient Findings

e Out of 5 Clusters of mines viz. Il, VI, XIV, XV and XVI,
considered for land reclamation monitoring during the
year 2022-23, cluster Il, VI, XIV and XVI were as per CIL
Work Order and cluster XV group of mines was added
after receipt of letter of request from BCCL vide

YIRS HTeh Iab el faHmT e uat. TfeT.C-12/2022/1365-
1368 dated 21.07.2022.

e Out of the total mine leasehold area of 8140.24 Ha. of the
05 clusters considered for monitoring during the year
2022-23; total excavated area is 1030.85 Ha. out of which
115.10 Ha. area (11.17%) is plantation on backfill
(Biological Reclamation) and 621.40 Ha. area (60.28%)
is under backfilling (Technical Reclamation) and 294.35
Ha. area (28.55%) is under active mining. Cluster wise
details of land reclamation of the above Clusters is given
in Table-1.

e |t has been observed from the analysis of Satellite Data
of the year 2022 that area under technical reclamation
has decreased from 624.23 Ha. (Yr. 2019) to 621.40 Ha.
(Yr. 2022) which indicates a decrease of 2.83 Ha. with
respect to the year 2019.

e Area under biological reclamation has increased from
111.78 Ha. (Yr. 2019) to 115.10 Ha. (Yr. 2022) which
indicates an increase of 3.32 Ha. with respect to the year
2019.
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e Plantation on OB dumps in the above 5 clusters has
increased from 62.48 Ha. (Yr. 2019) to 70.30 Ha. (Yr.
2022) which indicates an increase of 7.82 Ha. with
respect to the year 2019.

e Plantation under Social forestry, Avenue plantations etc.
in the above mentioned clusters has increased from
306.55 Ha. (Yr. 2019) to 360.84 Ha. (Yr. 2022) which
indicates an increase of 54.29 Ha. with respect to the year
2019.

e Area under Active Mining in the above selected 5 clusters
has increased from 273.50 Ha. to 294.35 Ha. which
indicates an increase of 20.85 Ha. with respect to the year
2019.

e Total excavated area in the above selected 5 clusters has
increased from 1009.51 Ha. to 1030.85 Ha. which
indicates an increase of 21.34 Ha. with respect to the year
2019.

e Total area under plantation (green cover) has increased
from 480.81 Ha. to 546.24 Ha. which indicates an
increase of 65.43 Ha. with respect to the year 2019.

e The increase in area under Biological Reclamation is the
result of the efforts of BCCL taken up towards land
reclamation and environmental protection.

e On comparing the status of land reclamation of the above
mentioned 5 clusters, it is evident from the analysis that
total area under land reclamation has increased from
736.01 Ha. to 736.50 Ha. which indicates an increase of
0.49 Ha. with respect to the year 2019.

e This report and the findings will be considered as basis
for further monitoring and reclamation related activities.
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Table 1

Land Reclamation Status in five Clusters (Underground + Opencast Mines) of BCCL based on
Satellite Data of the Year 2022

(Area in Hectare)

Plantation
i i i Total Area under
Techmci}l Bmhglc?l Other Plantations .
Reclamation Reclamation Plantation Total Area
Sl Total Leasehold — Area under | Total Excavated
Cluster No. . . Social ) . (% Green Cover under
No. Area Plantation on | Plantation on Active Mining Area . .
Area under Forestry, Generated in Reclamation
. Excavated / | External OB
Backfilling Avanue Leasehold)
Backfilled Area Dumps .
Plantation Etc.
1 2 3 4 5 6 7 8 9 (=4+5+8) 10 (=5+6+7) 11(=4+5)
2019 2022 2019 2022 2019 2022 | 2019 2022 2019 2022 2019 2022 2019 2022 2019 2022 2019 2022
1 [Cluster T | 2260.54 | 2025.71 | 422.51 | 422.00 | 86.42 | 87.42 | 43.208 | 47.29 | 154.37 | 128.03 | 129.98 | 148.85 | 638.91 | 658.27 | 284.07 | 262.74 | 508.93 | 509.42
66.13% | 64.11% | 13.53% | 13.28% 20.34% | 22.61% 12.57% | 12.97% [ 79.66% | 77.39%
2 [Cluster VI 831.83 876.55 | 134.15 | 134.15 0.00 0.00 5.89 9.70 26.79 | 28.41 77.75 | 70.36 | 211.90 [ 204.51 32.68 38.11 134.15 | 134.15
63.31% | 65.60% | 0.00% | 0.00% 36.69% | 34.40% 3.93% 4.35% | 63.31% | 65.60%
3 |Cluster XIV | 1418.25 | 1577.22 | 0.00 0.00 0.00 0.00 0.00 0.00 74.13 | 72.42 0.00 0.00 0.00 0.00 74.13 72.42 0.00 0.00
0.00% | 0.00% 0.00% | 0.00% 0.00% | 0.00% 5.23% 4.59% 0.00% 0.00%
4 |Cluster XV - 1696.55 0.00 0.00 - 0.00 - 80.72 - 0.00 - 0.00 - 80.72 - 0.00
0.00% 0.00% 0.00% 4.76% 0.00%
5 |Cluster XVI | 2008.4 | 1964.21 | 67.57 | 65.25 25.36 | 27.68 | 13.31 | 13.31 | 51.26 | 51.26 65.77 | 75.14 | 158.70 | 168.07 89.93 92.25 92.93 92.93
42.58% | 38.82% | 15.98% | 16.47% 41.44% | 44.71% 4.48% 4.70% | 58.56% | 55.29%
TOTAL 6519.02 | 8140.24 [ 624.23 | 621.40 [ 111.78 [ 115.10| 62.48 | 70.30 [ 306.55| 360.84 | 273.50 | 294.35|1009.51| 1030.85[ 480.81 | 546.24 | 736.01 | 736.50
61.83%]60.28% | 11.07% [11.17% 27.09% | 28.55% 7.38% | 6.71% |72.91% | 71.45%
(% is calculated with respect to Excavated Area as applicable)

Note: In reference of the above Table, different parameters are classified as follows: (Cluster XV started from current year)
1. Area under Biological Reclamation includes Areas under Plantation done on Backfilled Area Only.

2. Area under Technical Reclamation includes Area under Barren Backfilling only.

3. Area under Active Mining Includes Coal Quarry, Advance Quarry Site and Quarry filled with water etc., if any.
4. Social Forestry and Plantation on External OB Dumps are not included in Biological Reclamation and are put under separate categories as shown in the above Table.
5. (%) calculated in the above Table is in respect to Total Excavated Area except for “Total Area under Plantation” where % is in terms of “Leasehold Area’.
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Area(Hectare)

Cluster Wise Land Reclamation Status In Year 2022
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Fig. 1: Cluster wise Land Reclamation Status in five Clusters - 2022 (BCCL)
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1. Background

1.1 Land is the most important natural resource which embodies soil, water,
flora, fauna and total ecosystem. All human activities are based on the land
which is the scarcest natural resource in our country. Mining is a site specific
industry and it could not be shifted anywhere else from the location where
mineral occurs. It is a fact that surface mining activities do affect the land
environment due to ground breaking. Therefore, there is an urgent need to
reclaim and restore the mined out land for its productive use for sustainable
development of mining. This will not only mitigate environmental
degradation, but would also help in creating a more congenial environment

for land acquisition by coal companies in future.

1.2  Keeping above in view, Coal India Ltd. (CIL) issued a work order vide letter
no. CIL/WBP/ENV/2017/DP/8391 dated 22.06.2017 to Central Mine
Planning & Design Institute (CMPDI), Ranchi, for monitoring of clusters with
coal mines (both underground and open cast projects) having less than 5
million m® per annum capacity (Coal +OB) at an interval of three years
based on remote sensing satellite data for sustainable development of
mining. Earlier, CMPDI used to carry out land reclamation monitoring for
individual projects of less than 5 million capacities, but from 2017 the same
was carried out cluster wise for mines of BCCL. For operational reasons
and convenience, underground and opencast mines (often with multiple
overlapping seams), have now been clustered together. Further, a revised
work order was issued vide letter no. CIL/ENVT/2022-23/W.0/10899 dated
06.07.2022 from Coal India Limited for the period 2022-23 to 2023-24.
According to this work order, 76 OC projects having more than 5 million cu.
m (coal +OB) per annum capacity shall be monitored every year and also
land reclamation monitoring of 33 OCPs having less than 5 million cu. m

(coal +OB) per annum capacity, totaling 109 OC mines will be monitored in
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2022-23 covering all the subsidiaries of Coal India Ltd. The result of land
reclamation status of all such mines are hosted on the website of CIL,

(www.coalindia.in), CMPDI (www.cmpdi.co.in) and the concerned coal

companies in public domain. Detailed report is submitted to Coal India and

respective subsidiaries.

1.3  Land reclamation monitoring of all cluster coal mining projects would also
comply the statutory requirements of Ministry of Environment, Forest &
Climate Change (MoEF & CC). Such monitoring would not only facilitate in
taking timely mitigation measures against environmental degradation, but
would also enable coal companies to utilize the reclaimed land for larger

socio-economic benefits in a planned way.

1.4  Present report is embodying the finding of the study based on satellite data
of the year 2022 carried out for five clusters of mines comprising both
underground and opencast projects of Bharat Coking Coal Ltd.

2. Objective

Objective of the land reclamation/restoration monitoring is to assess the
area of backfilled, plantation, OB dumps, social forestry, active mining area,
settlements and water bodies, distribution of wasteland, agricultural land
and forest land in the leasehold area of the project. This is an important step
taken up for assessing the progressive status of mined land reclamation
and for taking up remedial measures, if any, required for environmental

protection.
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3. Methodology

There are number of steps involved between raw satellite data procurement

and preparation of final map. National Remote Sensing Centre (NRSC)

Hyderabad, being the nodal agency for satellite data supply in India,

provides only raw digital satellite data, which needs further digital image

processing for extracting the information and map preparation before

uploading the same in the website. Methodology for land reclamation

monitoring is given in fig 2. Following steps are involved in land reclamation/

restoration monitoring:

Basic Data <

 [omsowe | [ seonmonn
—

]/ Pre-processing,
geometric correction,
IRS - R2A E rectification & geo -
(LISS-IV) refrencing
W
Image
Enhancement
Geocoded FCC
Generation
Training set |
—_
Identification
Signature
Generation |~
| Training Set
H Refinement
Pre-Field
Classification

Topographical
Maps

(Scale 1:50,000)

Creation of Vector
Database
(Drainage, Road, Railway
network, Block boundary,
Forest Boundary etc.)

Final land Reclamation

Fail

| Methodology for Land Reclamation Monitoring |

Fig. 2: Methodology of Land Reclamation Monitoring

3.1 Data Procurement: After browsing the data quality and date of pass on

internet, supply order for data is placed to NRSC. Secondary data like

leasehold boundary, toposheet are procured for creation of vector

database.
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3.2 Satellite Data Processing: Satellite data are processed using ERDAS
IMAGINE digital image processing s/w. Methodology involves the following

major steps:

¢ Rectification & Geo-referencing: Inaccuracies in digital imagery may
occur due to ‘systematic errors’ attributed to earth curvature and rotation
as well as ‘non-systematic errors’ attributed to satellite receiving station
itself. Raw digital images may contain geometric distortions, which make
them unusable as maps. Therefore, geo-referencing is required for
correction of image data using ground control points (GCP) to make it

compatible with the new series WGS-84 compatible Sol toposheet.

¢ Image enhancement:
To improve the interpretability of the raw data, image enhancement is
necessary. Local operations modify the value of each pixel based on
brightness value of neighbouring pixels using ERDAS IMAGINE 2022 s/w.

and enhance the image quality for interpretation.

¢ Training set selection
Training set requires to be selected, so that software can classify the
image data accurately. The image data are analysed based on the
interpretation keys. These keys are evolved from certain fundamental
image-elements such as tone/colour, size, shape, texture, pattern,
location, association and shadow. Based on the image-elements and
other geo-technical elements like land form, drainage pattern and
physiography; training sets were selected/identified for each land
use/cover class. Field survey was carried out by taking selective traverses
in order to collect the ground information (or reference data) so that
training sets are selected accurately in the image. This was intended to

serve as an aid for classification.
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) Classification and Accuracy assessment
Image classification is carried out using the maximum likelihood algorithm. The
classification proceeds through the following steps: (a) calculation of statistics
[i.e. signature generation] for the identified training areas, and (b) the decision
boundary of maximum probability based on the mean vector, variance,
covariance and correlation matrix of the pixels. After evaluating the statistical
parameters of the training sets, reliability test of training sets is conducted by
measuring the statistical separation between the classes that resulted from
computing divergence matrix. The overall accuracy of the classification was

finally assessed with reference to ground truth data.

. Area calculation
The area of each land use class in the leasehold is determined using ERDAS
IMAGINE 2022 s/w.

) Overlay of Vector data base
Vector data base is created based on secondary data. Vector layer like drainage,
railway line, leasehold boundary, forest boundary etc. are superimposed on the

image as vector layer in the Arc GIS database.

o Pre-field map preparation
Pre-field map is prepared for validation of the classification result.

3.3 Ground Truthing:
Selective ground verification of the land use classes is carried out in the field and

necessary corrections if required, are incorporated before map finalization.

3.4 Land reclamation database on GIS:
Land reclamation database is created on GIS platform to identify the temporal
changes identified from satellite data of different cut - of dates. The database
boundary shape files (.shp), kml files and the maps thus prepared confirm to the
WGS-84 datum and UTM projected co-ordinate system.
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4. Land Reclamation Status in Bharat Coking Coal Ltd.

4.1 Following 5 clusters of mines comprising both underground and opencast
projects of Bharat Coking Coal Ltd. have been taken up for land reclamation
monitoring during the year 2022-23:

e Cluster Il (Block Il Colliery, Jamunia OCP, Shatabdi OCP, Muraidih
OCP, Phularitand OCP)

e Cluster VI (East Bassuriya Colliery, Bassuriya Colliery, Gondudih
Khaskusunda Colliery, Godhur Colliery)

e Cluster XIV (Lohapatti Colliery)

e Cluster XV (Kharkharee Colliery, Madhuband Colliery, Phularitand
Colliery, Dharmaband Colliery)

e Cluster XVI (Dahibari Basantimata OCP, Basantimata UG mine,
New Laikdih OCP (including Dahibari Coal Washery), Laikdih Deep
UG, Chanch UG)

4.2 Cluster wise Land Reclamation status of above mentioned clusters in BCCL
is given in Table 1 and also shown graphically in Fig 1. Area statistics of
different land use classes present in the mine leasehold of the above
clusters for the year 2022 are shown in Table 2. Land use maps derived
from the satellite data are shown in Plate 1 - 5. Different land use classes

based on satellite data are depicted in bar charts in Fig. 3 - 7.

4.3 Study reveals that out of total mine leasehold area of 8140.24 Ha. of the 5
clusters of mines (Underground + Opencast) of BCCL mentioned above
taken for this study in 2022-23, total excavated area is 1030.85 Ha. out of
which 115.10 Ha. (11.17%) has been planted (Biologically Reclaimed),
621.40 Ha. (60.28%) is under backfilling (Technically Reclaimed) and
balance 294.35 Ha. (28.55%) is under active mining.

4.4 Land reclamation monitoring for cluster XV of BCCL is taken up for the first

time in the year 2022-23. Hence comparison of this cluster in year 2022 has
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not been made with respect to year 2019. The data thus generated in the
year 2022 will be considered as base data for further comparison of land

reclamation of this cluster of mines.

4.5 |t is seen that technical reclamation in the above clusters has decreased
from 624.23 Ha. (Yr 2019) to 621.40 Ha. (Yr 2022). This is due to increase

in biological reclamation in cluster Il and cluster XVI.

4.6 Study indicates that cluster Il and cluster XVI of BCCL considered for this
study in the year 2022-23 indicate increasing trend in Biological
Reclamation (plantation on backfill) with respect to the year 2019. Area
under plantation on backfill has increased from 86.42 Ha. (Yr 2019) to 87.42
Ha. (Yr 2022) in cluster Il and from 25.36 Ha. (Yr 2019) to 27.68 Ha. (Yr
2022) in cluster XVI. As cluster XIV & cluster XV comprise of underground

mines, there is no biological reclamation.

4.7 On comparing the status of plantation on OB dumps for the year 2022 with
respect to the year 2019 in all cluster of mines of BCCL considered for land
reclamation monitoring in the year 2022-23, it is evident from the analysis
that area under plantation on OB dumps has increased from 43.28 Ha. (Yr
2019) to 47.29 Ha. (Yr 2022) in cluster Il and from 5.89 Ha. (Yr 2019) to
9.70 Ha. (Yr 2022) in cluster VI. This is due to the sincere effort made by
BCCL towards environmental protection in OC projects. Cluster XIV and
Cluster XV consist of UG mines, so there is no plantation on OB. In cluster
XVI there is no change or plantation on OB is static during the last three-

year duration.

4.8 It is seen that plantation under social forestry has decreased from 154.37
Ha. (Yr 2019) to 128.03 Ha. (Yr 2022) in cluster Il and from 74.13 Ha. (Yr
2019)to 72.42 Ha. (Yr 2022) in cluster XIV. This decrease of 26.34 Ha. area
in cluster Il and 1.71 Ha. in cluster XIV is due to change in shape and area

of these clusters.
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4.9 In Cluster VI, itis seen that total excavated area has decreased from 211.90
Ha. (Yr 2019) to 204.51 Ha. (Yr 2022). This decrease of 7.39 Ha. area is
due to reduction in area under active mining which is due to change in shape

and area of this cluster. The cluster boundary is updated as per EC.

410 After analyzing the satellite data of the year 2019 vs 2022, it reveals that
area under total plantation (Green cover) carried out on backfilled area, OB
dumps as well as under social forestry in the above clusters of BCCL has
increased from 480.81 Ha. (7.38%) to 546.24 Ha. (6.71%) in span of last
three years. This significant increase of 65.43 Ha. area under total
plantation (Green Cover) in the leasehold boundary during three years is
due to increase in plantation on OB dumps in cluster Il and cluster VI,
increase in plantation under social forestry in cluster VI and plantation on

backfill in cluster Il and cluster XVI and also due to addition of cluster-XV.

4.11 On comparing the status of land reclamation for the year 2022 with respect
to the year 2019 in all cluster of mines of BCCL considered for land
reclamation in the year 2022-23, it is evident from the analysis that area
under total land reclamation has increased from 736.01 Ha. (Yr 2019) to
736.50 Ha. (Yr 2022).

412 Out of the 5 Clusters in BCCL considered for satellite data based land
reclamation monitoring in year 2022, Cluster Il tops with 77.39%
reclamation followed by Cluster VI with 65.60% and Cluster XVI with
55.29%. Cluster XIV and Cluster XV consist of UG mines, so there is no

reclamation activity.

413 The area under total plantation (Green Cover) is maximum in Cluster Il
(12.97%) followed by Cluster XV with (4.76%), Cluster XVI with (4.70%),
Cluster XIV with (4.59%) and Cluster VI with (4.35%).
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Table 2

Cluster wise Area Statistics of Land Use/ Cover classes in five Clusters of
(OC+UG) mines of BCCL based on Satellite Data of the year 2022

(Area in Hectare)

CLUSTERIl | CLUSTERVI | CLUSTERXIV | CLUSTERXV | CLUSTER XVI TOTAL

Area | % Area | % Area | % Area % Area % Area | %

| Dense Forest Bl 000 | 000 | 000 000 | 000 000 | 000 | 000 | 000 000 | 000 000
gOpenForest | 000 | 000 | 000 000 | 000 000 | 000 | 000 | 2630 134 | 2630 032
Total Forest 0.00 | 000 | 000 | 000 [ 000 | 000 [ 000 | 000 [ 2630 | 134 [ 2630 [ 032
3 Scrubs | [[381.65 ] 18.84 | 87.34 [ 9.96 | 443.67 [ 28.13 | 52526 | 30.96 | 537.34 [ 27.36 | 197526 | 24.27
| |Social Forestry/Avenue Plantation | 12803 632 | 2841 324 | 7242 459 | 8072 | 476 | 5126 261 | 360.84 | 443
& | Plantation on OB Dump [l 4729 233 | 970 111 | 000 000 | 000 | 000 | 1331 068 | 7030 | 086
g Plantation on Backfill (BiologicalReclamation):I 8742 | 432 0.00 0.00 0.00 0.00 0.00 0.00 27.68 1.41 115.10 | 141
Total Plantation 26274 | 1297 | 3801 | 435 | 7242 | 459 [ 8072 | 476 | 9225 | 470 | 54624 | 671
Total Vegetation 64439 | 31.81 | 12545 | 14.31 | 516.09 | 32.72 | 605.98 | 35.72 | 655.89 | 33.40 |2547.80 | 3130
Coal Dump B 555 [ 077 | 208 [ 024 | 000 [ 000 | 000 | 000 | 749 [ 038 | 25105 [ 031
o |Coal Quarry I 11608 | 573 | 6686 | 763 | 000 | 000 | 000 | 000 | 5380 @ 274 | 23674 291
g Advance Quarry Site [l 000 | 000 | 000 @ 000 | 000 000 | 000 | 000 | 000 | 000 | 000 = 000
# | Quarry Filled With Water | 277 ] 162 | 350 | 040 | 000 | 000 | 0.00 | 000 | 2134 | 109 [ 5761 | 071
Total Area under Active Mining 14885 | 7.35 [ 7036 | 8.03 | 0.00 [ 0.00 | 0.00 [ 0.00 | 7514 | 383 [ 29435 | 3.62
Barren OB Dump | [[ 14693 725 | 89.04 [ 10.16 | 000 | 000 [ 133 [ 008 | 4169 | 2.2 | 27899 [ 343
& | Arca Under Backfilling (Technical Reclamation) [N 422.00 | 20.83 | 134.15 | 1530 | 0.00 = 000 | 0.00 | 000 | 6525 332 | 62140  7.63
5 Total Area under Technical Reclamati 422,00 [ 20.83 | 13415 [ 1530 | 0.00 | 0.00 | 0.00 | 0.00 | 6525 | 332 | 62140 | 7.63
Total Area under Mine Operation 73336 | 36.20 | 295.63 [ 33.73 | 0.00 | 0.00 | 133 | 0.08 | 18957 | 9.65 [1219.89 [ 14.99
g Waste Lands | 19119 | 944 | 29563 | 3373 | 5680 | 3.60 | 34635 | 2041 | 11043 | 562 | 100040  12.29
§FlyAshPond/SandBody [l 201 | o010 | 000 | 000 | 3674 | 233 | 000 | 000 | 6599 | 336 | 10474 129
| Total Wasteland 19320 | 954 [295.63 [ 3373 | 9354 | 593 [34635[ 2041 | 17642 | 898 | 1105.14] 13.58
Resgniats il ot - 2596 | 128 | 1372 | 157 | 4492 | 285 | 2426 | 143 | 2980 | 152 | 13875 | 1.70
3 [Total Waterbodies 2596 | 128 | 1372 | 157 [ 4492 [ 285 | 2426 | 143 | 2089 | 152 [ 13875 | 1.70
g |Crop Lands [l 251 | 012 | 000 @ 000 | 845 @ 054 | 575 | 034 | 10834 552 | 12505 154
Fallow Lands [ l25468 | 1257 | 1392 159 | 82760 5247 | 58326 | 3438 | 55454 | 2823 |223400 2744
* [Tota Agriculture 257.19 | 1270 [ 1392 | 1.59 | 836.05 | 53.01 [ 589.01 | 34.72 | 662.88 | 33.75 | 2359.05 ] 28.98
Urban Settlement 0 111.11I 548 | 6818 | 7.78 | 000 | 000 | 8525 | 5.02 | 13564 | 691 | 400.18 | 492
Z Rural Settlement I 4115 | 203 | 4668 | 533 | 8572 | 543 | 4092 | 241 | 9672 | 492 | 31119 | 382
Industrial Settlement | [ 1935 | 096 | 1734 | 198 | 090 | 006 | 345 | 020 | 1720 | 088 | 5824 | 0.72
Total Settlement 171.61 | 847 | 132.20 | 1508 | 86.62 | 549 |129.62 | 7.64 | 249.56 | 12.71 | 769.61 | 9.45
Grand Total 2025.71{ 100.00 | 876.55 | 100.00 | 1577.22| 100.00 | 1696.55| 100.00 [ 1964.21 | 100.00 | 8140.24 | 100.00

Job No 564922120/(BCCL)




CMPDI

adisia SIepE ST grieE z Area Statistics - Cluster-11 (2022)
o | Classes N K
2 | CLUSTER I N & o T
o~ A 8 Level-1 Level-1l (Ha) | Total
< Dense Forest 0.00 0.00
ol Forests  [Open Fores 0.00 | 0.00
<0 Total Forest (A) 0.00 0.00
: Scrubs (B) 381.65 | 18.84
Social Forestry 128.03 | 6.32
Plantaton  |PL won on OB 4729 | 2.33
Area Plantation on Backfill 87.42 | 4.32
Total Plantation (C) 262.74 | 12.97
g z Total Vegetation (A+B+C) 644.39 | 31.81
@ 4 I 2 " Crop land 2.51 0.12
b K ASRUE [ rallow Land 354.68 | 12.57
R - o Total Agriculture Land 257.19 | 12.70
3 Waste Land [ 191,19 [ 944
E Waste Land |Sand Body 2.01 | 0.10
T x Total Waste Land 193.20 | 9.54
,9 Advance Quarry Site 0.00 0.00
Coal 116.08 | 573
Barren OB Dumyp 146.93 | 7.25
Mining Area |Back Fill 422.00 | 20.83
r Coal Dump 15.58 | 0.77
= z Water Filled Qry 3277 | 1.62
g {5 | 8 Total Mining Area 733.36 | 36.20
e ? Urban Settlements 111.11 | 548
H & Rural Setllements 4115 | 2.03
Settements  ——————
| Industrinl Settlements 19.35 | 0.96
Total Settlement Area 171.61 | 847
Water Body |River/ Ponds 2596 | 1.28
Total Area 2025.71] 100.00|
Customer Bharat Coking Coal Limited
Title Land Reclamation Monitoring of Cluster Mines i‘,’,";.,’f;‘m
z Logend z'?:::i“"p o |Aciivity | Name Designation  |Signature |Date
B Sistatus of Cluster-1l|prepared |A. Parida Dy. Mar(Geol) | Atk
;", ®  Settlements f|mincs, based on
o : ) &lsatcllite Data (RS-|Checked |Haribaralal B [Ch. Mgr(System) | fLoclin
——+ Railway Line 2A/L-1V) of the year —
Road 2022 Approved |R. Kumar GM(Geomatics) (&w
i-;—::j Cluster Boundary| Plate-1 8 .’l: Scale: 0 05 1 2 Km Sheet |
AWl (g [ Drg No. HQ REM 22 2 A4 02 RevNa 0
B86°10'30°E B6*12'0°E 86°13'30"E B6°15'0"E
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86°220°E

86-230°E

86°24'0'E

CLUSTER VI

23°480°N

23"4B0°N

—Ea Dhanbad

Pl
:
ot £
Q 8
Legend
®  Settlements
——+ Railway Line
e £
R Il_r--i Cluster Boundary Plate-2 2
86°220°E 86°230°E 86°24'0°E

Area Statistics - Cluster-VI (2022)
Classes Colour| Core Zone
Area | % of
Level-l Level-11 (Ha) | Total
|Dense Forest 0.00 | 0.00
Forests Open Forest 0.00 | 0.00
Total Forest (A) 0.00 | 0.00
|Serubs (B) 87.34 | 9.96
|Social Forestry 28.41 | 3.24
Plantation  |Phintation on OB 9.70 | 1.11
Area |Plantation on Backiill 0.00 [ 0.00
Total Plantation (C) 38.11 | 4.35
Total Vegetation (A+B+C)| 125.45] 14.31
. Crop land 0.00 | 0.00
:ﬁ:"‘m [Fallow Land 13.92 | 1.59
Total Agriculture Land 13.92 | 1.59
Waste Land - 295.63| 33.73
Waste Land |Sand Body 0.00 | 0.00
Total Waste Land 295.63] 33.73
Advance Quarry Site 0.00 | 0.00
Coal Quarry 66.86 | 7.63
|Barren OB Dump 89.04 | 10.16
Mining Area |Back Fill 134.15] 15.30
Coal Dump 2.08 | 0.24
Water Filled Qry 3.50 | 0.40
Total Mining Area 295.63) 33.73
|Urban Setth 68.18 | 7.78
P [Rural Settlements 46.68 | 5.33
Industrial Settkements 17.34 | 1.98
Total Settlement Area 132.20] 15.08
Water Body |River/ Ponds 13.72 | 1.57
[Total Area 876.55]100.00
Customer Bharat Coking Coal Limited
Title Land Reclamation Monitoring of Cluster Mines 255
E:di"“n , Activity |Name Designati Sigs Date
Status of Cluster-Vproared |A. Parida Dy. Mgr{Geol) AT
mines, based on
Satellite Data (RS-|Checked [Hariharalal B |Ch. Mir(System) | fpuclin
2A/L-IV) of the year =
2022 Approved |5L Kumar  |GM{Geomatics) | (S
@ Cmf'&' == a_u.zu,_“ p: || e
Albiiany  |Drg No. HOQ REM 22 2 A4 06 RovNal
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86" 110°E B6"1Z0°E 86" 130°E 86" 14'0°E 86"150°E 86 160°E
CLUSTER XIV
g z
R i
R
£ =
o
# 5
n .
Area Statistics - Cluster-XIV (2022) b
Classes Colour|  Core Zone
Area | % of
Level-1 Level-IT (Ha) | Total
Dense Forest 0.00 0.00
Forests Open Forest 0.00 | 0.00
Total Forest (A) 0.00 | 0.00
Scrubs (B) 443.67 [ 28.13
Social Foresiry 7242 | 459
Pl Plaatation on OB 000 | 0.00
- Area Plantation on Backfil 000 | 000
e Total Plantation (C) 7242 | 459 |Z
§ Total Vegetation (A+B+C) 516.09 | 32.72 'g
: Crop land 845 | 054
ASHES | Falow Land §27.60 | 5247
Total Agriculture Land 836,05 [ 53.01
Waste Land TN s680 | 360
Waste Land [Sand Body 3674 | 233
: v Total Waste Land 9354 | 593
Customer Bharat Coking Coal Limited P e o TR
dvance Quarry I I
Title Land Reclamation Monitoring of Cluster Mines |11 Coal Quarry o_£ g_oo
Bamen OB Dump 0. .00
et lammatiog |28y [Name Designation  |Signature | Date Legend Mining Area E&m g.£ ggg
E|[Status of Cluster-|prepared |A. Parida  |Dy Mgr(Geol) | ok e —— - -
XIV mines, based on : ! Cluster Bounda Water Filled Qry 000 [ 000 |5
f|[Satellite Data (RS-|Checked |Hariharald B |Ch. Mgr(System) {.r._i-j l _I b Total Mining Area 0.00 | 0.00 I~
2A/L-IV) of the year = Urban Setlements 000 | 000 R
o i
2022 Approved |R. Kumar GM(Geomatics) | (Pho- - Settlements . f:t . 805.:02 ;;:
@ ‘”‘f"!" Saale: 0 025 05 1Km Sheet 1 g |mn Settlement Area 86.62 | 549
N R— Roa
. - ‘Water Body |River/ Ponds 44.92 | 285
AWibis(mes | Drg No. HQ REM 22 2 A4 14 RevNo.0 P Iate 3 & ITM ol Aren 1577.22 | 100.00]
86" 1N0E B6"120°E B6"130E 86" 140°E B6*150°E BE*160°E
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86°1 l2’31]"'E 86° 1?'0"5 86°1 f‘O'E 86°1 ?‘O'E 86°1 F{)"E o
=3 x
N 2 Area Statistics - Cluster-XV (2022
1 cCluster xv -2 el SV eer)
A o lasses Colour Core Zone
o~ Area Yo of
Level-l Level-11 (Ha) | Total
Dense Forest 0.00 0.00
Forests [Open Forest 0.00 0.00
Total Forest (A) 0.00 0.00
|Scrubs (B) 525.26 | 30.96
2 > Social Forestry 80.72 | 4.76
IS E|Plintation  [Phntation on OB 0.00_| 0.00
= -S| Area Plantation on Backfill 0.00 | 0.00
3 a Total Plantation (C) 80.72 | 4.76
Total Vegetation (A+B+C) 605.98 | 35.72
. Crop land 575 | 034
Aug'n‘:“'“ [Faow Land 583.26 | 34.38
Total Agriculture Land 589.01 [ 34.72
Wastc Land [ 34635 | 2041
» Waste Land |Sand Body 0.00 0.00
pay £ Total Waste Land 346.35 [ 20.41
Q Lo Advance Quarry Site 000 | 0.00
Q = Coal Quarry 0.00_| 0.00
— Barren OB 133 | 0.08
|Mining Arca |Back Fill 0.00 | 0.00
Coal Dump 0.00 | 0.00
Watcr Filled Qry 0.00 | 0.00
Total Mining Area 1.33 0.08
Urban Sctike 8525 | 5.02
F[Sc e Rural Scitkements 4092 | 241
% S IWOmR® [inskenial Suttieseres 3.45 | 020
- (= Total Settlement Area 129.62 [ 7.64
™ Q| Water Body |River/ Ponds 2426 | 143
|Total Area 1696.55 | 100.00
Customer Bharat Coking Coal Limited
Title Land Reclamation Monitoring of Cluster Mines m'm
‘z Legond ,zﬁ.hjm _ |Activity [Name Desig: g Date
g Sl F
D I e  Settlements -3 S of Choskr-|Pepwed A Paids  [Dy. MytGooh) | avt
o~ Road 8@:{"::’.1:‘#&‘ (}E Checked |Harharalai B [Ch MetSystem) | ffon
) y 2022 Approved [R. Kumas GM(Geomatics) | (Sha-
P ompds [ i o
Plate-4 i._._J Cluster Boundary Q Mdelom |DrgNo.  HQ REM 22 2 A4 15 Rev Mo
L) ) ) ) L]
86°12'0"E 86°13'0"E 86°14'0"E 86°15'0"E 86°16'0"E
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23°44'0"N

23°430°N

23°42'0"N

86°440'E 86°450°E 86°460°E 86°470'E 86°480°E
CLUSTER XVI __/ A
P ]
-
y PSS
z o7 3 h \
=3 : / Bser
- o . . |
= a .
pd R _ Ay
B
e,
[
-
-t
Area Statistics - Cluster-XV1 (2022)
Classes Colour Core Zone
Arca % of
Levell Levelll (Ha) | Toul
= Dense Forest 0.00 0.00
& Jrorests [Open Forest 2630 | 134
bl Total Forest (A) 134
o 2736] :
261 ’- Ad
JPhntation | Plantation on OB 0.68 o %
Area Plantation on Backfill 1.41 S,
Total Plantation (C) 92.25 [ 4.70 :;gib
Total Vegetation (A+B+C) 635.89 | 33.40 S,
. Crop land | EE S
l‘:f:""“ [Fallow Land 554.54 | 28.23
Total Agriculture Land 662.88 [ 33.75
Waste Land - 11043 | 562
Waste Land [Sand B 6599 | 336
Il‘uul Waste Land 176.42 [ 898
Ad Si 0,00 0.00 A =
ey - sa Tl Bharat Coking Coal Limited
£ Barren OB Dump 4169 | 212 flrine Land Reclamation Monitoring of Cluster Mines |25
|12 JMining Arca ’n.ck Fill 6525 | 332 -
?' Coal Dy 7.49 038 SL::djmh ; . |Actvity  [Name Iumgmm Signature | Date
< Water Filed Ory 2134 | 109 |[Status of Cluster-lprepared [A Pands  [Dy MprtGeoh | Atk
Total Mining Arca 189.57 | 9.65 ||XVImines. based
Urban Settlements 135.64 | 691 f:‘]'_"::,'r’:‘;‘ms' Checked |Hanbarslal B_[Ch MgrtSysiem) | [l Cenond
<A L] O )'u'n
Settlements Im&::m ?:3; ::i 2022 Approved |R. Komar GMY{Goomatics ) (g;,‘ eg
{11 tements i E 5 5
Total Scttlement Arca 249.56 | 12.71 @ emod: < 9o os - Sheet 1 e Settlements —— Railway Line
Walc River/ Ponds 29.89 | 1.52 ”'P‘é e —— ey
— TR 5 P mar———————— e Plate-5 | |__jCluster Boundary —— Roads
86°44'0"E 86°45'0'E 86°46'0"E 86°47'0"E 86°48'0"E
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STATUS OF LAND RECLAMATION MONITORING IN CLUSTER Il

== Year
2
g
S = 2019
=
= u2022
[
<
Settlements Vegetation Mining Area  Plantation  Waste Land Water Bodies
Cover
Land Use/Cover Classses
Fig. 3: Land Reclamation Status of Cluster Il
STATUS OF LAND RECLAMATION MONITORING IN CLUSTER VI
300
250
200 Year
m
g 5 2019
] W 2022
e
= 100
o
<
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0

Settlements Vegetation Mining Area  Plantation = Waste Land Water Bodies

Cover
Land Use/Cover Classses

Fig. 4: Land Reclamation Status of Cluster VI
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STATUS OF LAND RECLAMATION MONITORING IN CLUSTER XIV

Year

o
®
15 2019
@
£ 2022
o
J
<
Settlements Vegetation Mining Area  Plantation = Waste Land Water Bodies
Cover
Land Use/Cover Classses
Fig. 5: Land Reclamation Status of Cluster XIV
STATUS OF LAND RECLAMATION MONITORING IN CLUSTER XV IN YEAR 2022
500 -
500 -
— 400
£
]
g 300
@
= 200
100

Settlements  Vegetation  Mining Area Plantation Waste Land Water Bodies
Cover

Land Use/Cover Classses

Fig. 6: Land Reclamation Status of Cluster XV
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STATUS OF LAND RECLAMATION MONITORING IN CLUSTER XVI

Year

m2019

w2022

Area (Hectare)

Plantation = Waste Land Water Bodies

Settlements Vegetation Mining Area
Cover

Land Use/Cover Classses I

Fig. 7: Land Reclamation Status of Cluster XVI
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Photo 1: Plantation on Backfill in Muraidih OCP, Cluster Il

,Li.;“-;- B ST m;”ﬂ"v:- g 2 : = 1 s
Photo 2: Plantation on OB Dump in Block Il OCP, Cluster Il
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Photo 4: Plantation on Backfill in Cluster XVI
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ABBREVIATIONS
Sol Survey of India
MoEF & CC Ministry of Environment, Forest & Climate Change
CIL Coal India Limited
ECL Eastern Coalfields Limited
BCCL Bharat Coking Coal Limited
CCL Central Coalfields Limited
WCL Western Coalfields Limited
SECL South Eastern Coalfields Limited
NCL Northern Coalfields Limited
MCL Mahanadi Coalfields Limited
NEC North Eastern Coalfields
CMPDIL Central Mine Planning & Design Institute Ltd
NRSC National Remote Sensing Centre
R2/R2A ResourceSat Satellites
LISS - 4 Linear Imaging and Self Scanning Sensor
FCC False Colour Composite
OCP Opencast Project
UGP Underground Project
OB Over Burden
GCP Ground Control points
GIS Geographic Information System
WGS-84 World Geodetic System
UTM Universal Transverse Mercator
Job No 564922120/(BCCL) 20
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GLOSSARY

Sl.

Term

Definition

Land Reclamation

To manage, reclaim and restore mined out/ degraded
land as close as possible to its original stage.

Over Burden

The material that lies above the coal seam/ deposit

Monitoring

A process of evaluation to check or keep record for a
period of time.

Opencast Coal Mine

Open-pit mining, also known as opencast mining, is a
surface mining technique that extracts minerals from
an open pit in the ground.

Social Forestry

Social forestry is the management and protection of
forests and afforestation of barren and deforested
lands with the purpose of helping environmental,
social and rural development. Plantation (Social/
Avenue or other) carried out outside mining area.

Biological Reclamation

Plantation on Backfilled areas
(Stablised Internal Dumps)

Technical Reclamation

Area under backfilling (Over burden dumped inside
the mine voids) in mining area.

Green Cover Generated

Total Plantation carried out in the lease area of
Project. This includes Plantation on Backfill, Plantation
on OB and Social Forestry.

Leasehold Area

The area, for which lease is granted for the purpose of
undertaking mining and allied operations.

10.

Excavated area

Mined out area which includes active mining, area
under backfilling and plantation on backfilled areas

M.

Active Mining

Mining areas which include Coal Quarry, Advance
Quarry, Quarry Filled with Water etc.

12.

Environmental Protection

It is the practice of protecting the natural environment
by individuals, organizations and governments. Its
objectives are to conserve natural resources and the
existing natural environment and, where possible, to
mitigate damage and reverse trends.

13.

Remedial Measure

Any measure or action required or undertaken to
investigate, monitor, clean up, remove, treat, prevent,
contain or otherwise remediate the presence or
release of any hazardous substance or activity.

14.

Systematic Error

Every measurement differing from the true
measurement in the same direction, and even by the
same amount in some cases.

Job No 564922120/(BCCL)
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It refers to the improper positioning of any image with
15. | Geometric Distortion respect to their true geographic position when viewed
in a properly scaled common image display plane.
Land cover is what covers the surface of the earth and
land use describes how the land is used.

The closeness of agreement between a measured
quantity value and a true quantity value.
Environmental Clearance (EC) for any developmental
projects like coal mining projects etc. has been made
mandatory by the Ministry of Environment, Forests
and Climate Change (MoEF & CC) through its
Notification issued on 27.01.1994 under the provisions
of Environment (Protection) Act, 1986.
Geo-referencing is the assigning of absolute location
of a data point or data points. Geo-rectification refers
to the removal of geometric distortions between sets
of data points, most often the removal of terrain,
platform, and sensor induced distortions from remote
sensing imagery.

Itis the process of modifying digital images so that the

16. | Land Use/ Cover Class

17. | Accuracy

18. | Environmental Clearance

19. | Rectification and Geo-referencing

20. | Image Enhancement results are more suitable for processing or further
image analysis.
It is a portion of a data set used to fit or train a model
21. | Training set selection for prediction or classification of values that are known

in the training set, but unknown in other (future) data.
It refers to the task of extracting information classes
from a multiband raster image. The resulting raster
from image classification can be used to create
thematic maps.

The 'temporal change' means the change in any entity
with a period of time.

Collection of primary/ basic information from ground

22. | Image Classification

23. | Temporal Changes

24. | Ground Truthing realities for satellite image interpretation and thematic
mapping.

25 | Cluster Group of opencast and/ or underground mines
clubbed together for administrative purposes.

26. | Arc GIS GIS Software used for Map preparation

27. | ERDAS IMAGINE Satellite Image Data Classification Software

Job No 564922120/(BCCL) 22
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Deposit in Escrow Accounts with Bank of Baroda/Union Bank of India

Rs. In lakhs
Sr |ESCROW ACCOUNT AT Deposit Interest
No BOB AJCNo G Total
2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | 2021-22 | 2022-23 |  Total | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | 2021-22 | 2022-23 | Total
MURAIDIH,SHATBDI
il hviavicopvais 0015010008816 | 270.79 | 284.33 | 298.55 | 31348 | 329.15 | 34561 - - - - 184191 | 1030 | 2670 | 5067 | 6311 | 8178 | 10971 | 14191 | 13881 | 67.79 | 9683 | 787.60 [ 0o
2 | ULARITAND MIXED Minel 001 184.48 | 19370 | 203.39 | 21356 | 224.24 | 235.45 - - - - 1,254.82 - 17.44 | 3405 | 5337 | 5381 | 7057 | 9643| 9428| 4476 | 5624 | 52095| .o,
3 109.74 | 11522 | 12099 | 127.03 | 133.39 | 140.06 | 147.06 | 233.90 | 4475 | 4699 | 121913 | 333 | 1059 | 2044 | 2814 | 3323 | 4440 | 5763 | 7289 | 4639 | 6581 | 382.84
DAMODA GRP OF MINES 001 1,601.97
AMAL MURAIDIH
O D AT $0150100012016 - | 608.79 | 406.75 | 37291 | 1,388.45 - 453 | 1991| 3368 | 5B12| 00
5 227.89 | 1265 | 17.77 - 258.31 007 | 1221| 1355 | 1477 | 4059
MADHUBAND UG MINE 469403800000280 298.90
TOTAL 565.01 | 59326 | 62292 | 654.07 | 686.77 | 721.12 | 37495 | 85535 | 469.27 | 419.91 | 5962.62 | 13.63 | 54.72 | 10516 | 144.62 | 168.81 | 224.68 | 296.03 | 322.72 | 192.40 | 267.32 | ##sH#Hs|  7,752.72
6 207.40 | 217.77 | 22865 | 240.09 | 252.09 | 264.70 | 199.23 | 227.86 | 319.32 | 274.09 | 2,431.19 - 1960 | 3828 | 60.00 | 60.50 | 79.34 | 10844 | 120.70 | 68.87 | 99.16 | 654.89
AMAL BLOCK 11 MINE 001 3,086.08
TOTAL 207.40 | 217.77 | 22865 | 240.09 | 252.09 | 26470 | 199.23 | 227.86 | 319.32 | 274.09 | 2,431.19 - 1960 | 3828 | 60.00 | 60.50 | 79.34 | 108.44 | 120.70 | 68.87 | 99.16 | 654.89 |  3,086.08
8 3840 | 1584 | 1663 | 1746 | 1834 | 1925| 2022 | 21.23| 2229| 2340 21306 | 146| 373| 509 | 547| 6.46 818 | 1016 | 1247| 736| 914 6951
MAHESHPUR COLLIERY 282.57
9 1602 | 1682 | 17.66 | 1854 | 1947 | 2044 | 2146 | 2253 | 2366 | 2484 | 201.44| 061| 156 300| 375| 484 649 | 840| 1062| 861| 943| 5731
KHARKHAREE COLLIERY 258.75
10 3985 | 858 901 | 946| 994| 1043 | 1096 | 1150 | 1208 | 1268 | 13449 | 152 | 387 | 461| 455| 505 612 | 734| 877| 679| 844| 57.06
JOGIDIH COLLIERY 191.55
1] INDPUR UG 2058 | 2161 | 2268| 2382 | 2501| 2626 | 27.58| 2896 | 3040 | 3193 | 25883 | 078 200| 385 | 48| 621 834 | 1079| 1365| 824| 1044 | 69.12 2795
12 100.83 | 10587 | 11116 | 116.72 | 122.56 | 128.68 | 135.12 | 14188 | 148.97 | 156.42 | 126821 | 384 | 9.80 | 18.85 | 2362 | 3045 | 40.85 | 5286 | 60.69 | 3482 | 56.62 | 332.40
BLOCK IV /KOORIDIH MINE 1,600.61
3] e 6059 | 6362| 6680 | 7014 | 7365| 77.34| 8119| 8526 | 8952 | 9400 | 76211 | 231 589 1133 | 1419 | 1830 | 2455| 3177 | 3647 | 2093 | 2694 | 19266 05077
TOTAL 276.27 | 23234 | 24394 | 256.14 | 268.97 | 282.40 | 29653 | 311.36 | 32692 | 343.27 | 2,838.14 | 10.51 | 26.85 | 46.72 | 5641 | 7130 | 9451 | 121.31 | 14267 | 86.75 | 121.00 | 778.05 | 361619
14 189.04 | 19850 | 208.42 | 218.84 | 133.38 | 140.05 | 147.05 | 15440 | 16212 | 17023 | 1,722.03 - 17.87 | 3489 | 5460 | 5514 | 6654 | 8562 | 9334 | 5238 | 7224 | 53272
AKWMC 2,254.74
15 5105 | 1948 | 2045 | 2148 | 97.27 | 10213 | 107.24 | 11260 | 11823 | 124.14 |  774.05 - 482 648| 862| 747| 1442 2300| 3232| 2043| 3035 | 14791
AARC 001 921.95
16 8413 | 2008 | 21.09| 2214 | 4447 | 4669 | 49.02| 5147 | 5405| 1546 |  408.60 - 795 | 965 1205| 1061 | 1391 19.03| 2410| 1417 | 1992 | 131.40
SALANPUR UG MINE 540.00
17 - 8212 | 8623 | 90.54 | 114.64 | 120.37 | 126.39 | 13271 - | 20708 | 960.07 - - 6.0 | 1412 | 2262 | 3377 | 37.45| 49.05| 30.03 | 38.27| 23138
KATRAS CHAITUDIH 001 1,191.45
18 - - B - 99.98 | 10498 | 11022 | 11574 | 121.52 | 127.60 |  680.03 - - - - 0.02 577 | 1371 | 2262 | 1548 | 2479 | 8239
GASLITAND COLLIERY 00150100011048 762.43
TOTAL 32422 | 32018 | 33619 | 352.99 | 489.73 | 514.21 | 530.92 | 566.92 | 455.92 | 64451 | 4,544.77 - 3064 | 5712 | 89.48 | 9585 | 134.40 | 178.81 | 22143 | 13248 | 18558 | ##ses|  5,670.57
19 9966 | 10464 | 100.88 | 11537 | 12114 | 127.20 | 13356 | 67.81 | 7120 | 7476 | 102522 | 379 | 9.68 | 1864 | 2335| 30.09 | 4037 | 5225| 6318 | 3546 | 5174 | 32855
NICHITPUR COLLIERY 1,353.77
20 129.16 | 13562 | 14240 | 14952 | 156.99 | 164.84 | 173.00 | 181.74 | 190.83 | 20037 | 162456 | 491 | 1255| 2415 | 3026 | 39.00 | 5232 | 67.71| 80.28 | 4832 | 77.84 | 437.36
TETULMARI COLLIERY 001 2,061.92
21 5296 | 5561 | 5839 | 6131 | 6351| 6669 | 7002 | 7352| 7720 | 8L06| 660.27 | 202| 515| 990 | 1241| 1599 | 2140 | 27.65| 3081 | 1846 | 2370 | 167.49
SENDRA BANSJORA COLLIE| 827.76
2 11824 | 12415 | 130.36 | 13687 | 14372 | 150.90 | 158.45 | 166.37 | 174.69 | 429 | 1530804 | 450 | 1149 | 2211 | 2770 | 3570 | 47.90 | 6199 | 7843 | 47.37 | 7565 | 412.84
MUDIDIH COLLIERY 001 9 1,720.88
23 8375 | 1973 | 2072 | 2175 | 2284 | 2398 | 2518 | 2644 | 27.76| 2915| 30130 | 319 | 814 | 98| 980 | 1098 | 1337 | 1612 | 19.33| 1119 | 1367 | 11560
LOYABAD COLLIERY 416.90
24 ) KANEE COLLIERY ot . - - - - | 16144 | 16951 | 177.99 | 186.88 | 196.23 | 206.04 | 1,098.09 - - - - 0.02 959 | 2216 | 3610| 2521 | 4111| 1320 | 00
25 12528 | 9136 | 9593 | 10073 | 41329 002| 720| 1257 1896 | 3875
BANSDEOPUR COLLIERY 00150100011831 452.04
ToTAL 48377 | 439.75 | 46175 | 484.82 | 669.64 | 703.12 | 863.56 | 794.12 | 833.84 | 696.40 | 6,430.77 | 1841 | 47.01 | 84.63 | 10351 | 13179 | 184.96 | 247.90 | 315.33 | 198.58 | 302.66 | ##H##H  8,065.56
2 103.82 | 10901 | 11446 | 120.18 | 126.19 | 13250 | 139.13 | 146.08 | 15339 | 161.06 | 1,305.83 | 3.15| 1001 | 19.34 | 26.62 | 3143 | 4201 | 5452 | 6896 | 4143 | 6379 | 361.26
KUSUNDA OCP 0 1,667.09
27 4831 | 5072 | 53.26| 5592 | 5872 | 6165| 6473 | 67.97| 7137 | 7494 | 60758 | 147 | 466| 900 | 1239 | 1463 | 1954 | 2537 | 3200 | 19.27 | 2431 | 16272
EAST BASSURIYA OC 001 6 770.30
28 9202 | 9662 | 101.45| 10652 | 111.85 | 4921 | 4636 | 48.68| 5111| 5367 | 75750 | 140 | 880 | 17.11| 2460 | 27.68 | 3575 | 4374 | 50.99 | 2825 | 37.47| 27577
DHANSAR(ADIC) 1,033.26
29| L oomur e oF mines | oot 5523 | 57.99 | 60.89 | 6394 | 67.43| 7049 | 7401| 77.72| 8160| 8568 | 69469 - 522| 1019 | 1598 | 1598 | 2112 | 2887 | 37.01| 2149 | 3023 | 186.10 880,79
30 151.88 | 591 621| 652| 68| 719| 755| 792| 832| 874| 21708| 230| 1452 | 1503 | 1518 | 13.60| 14.47 | 1687 | 1898 | 1018 | 13.10 | 134.23
BASSURIYA UG MINE 351.31
31| SONDUDIFIKHAS KUSUNDA - o0150100008875 | 134.40 | 14112 | 148.18 | 15559 | 16337 | 17053 | 180.11 | 18912 | 19857 | 20850 | 1690.48 | 408 | 1296 | 2504 | 3446 | 4060 | 5438 | 7058 | 89.28 | 5363 | 8258 | 467.68 215816
32 [Enaoce 0015010000893 | 47.67 | 50.05 | 5255 | 5518 | 57.94| 6208 | 6519 | 68.45| 71.87| 7546 | 60643 | 072 456| 886 | 1274 | 1434 | 1852| 2504 | 3176 | 18.86 | 2652 | 16192 76835
TOTAL 633.33 | 51143 | 537.00 | 563.85 | 592.04 | 554.66 | 577.08 | 605.94 | 636.23 | 668.04 | 5879.60 | 13.11 | 60.73 | 10457 | 141.97 | 158.35 | 205.79 | 264.99 | 320.07 | 193.10 | 277.99 | #e#s|  7,629.26
33 8491 | 3430 | 3602| 37.82| 39.71| 4170 | 4378| 4597 | 4827 | 5068 | 46315 - 803 | 1095| 1469 | 1358 | 1677 | 2200 | 27.01| 1549 | 21.38 | 149.89
PB GRP OF MINES 613.03
3| g RRAGARH UG - , 667 7.00 735 | 772| 811| 51| 894| 938| 985 1035 8388 | 025| 065| 125| 156| 201 264| 331 418| 356| 460 2403 10791
35 849 | 722 758 | 796| 835| 877| 921| 967| 1016| 1066 8807 | 032| 083| 144 156| 220 285| 355| 446| 379 487| 2587
HURRLADIH UG 113.94
3 |5 ureoRia UG o 743| 780 819 | 860| 903| 948| 995| 1045| 1097 1152 9342 | 028| o072| 139| 174| 224 294 | 369| 466| 397| 513| 2677 12019




Deposit in Escrow Accounts with Bank of Baroda/Union Bank of India

Rs. In lakhs
Sr |ESCROW ACCOUNT AT Deposit Interest
No BOB AJCNo G Total
2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 202021 | 202122 | 2022-23| Total | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | 2021-22 | 2022-23 | Total
37 7549 | 1106 | 1161 | 1219 - - - - - - 11035 | 287 | 734| 828| 7.86| 848| 921| 1003| 1099| 7.85| 9.07| 8199
GOPALICHOK UG 192.34
38 | L OPALICHOK MINE : , - - - - 6176 | 6485 | 6800 | 7149| 7507 | 7882 | 42008 - - - - 001| 367| 848| 1381| 964| 1350| 49.12 269.20
39 5676 | 5059 | 6257 | 6570 | 6899| 31361 002| 349| 759| 959 1500| 3570
KENDWADIH OC MINE 00150100011209 349.31
ToTAL 18299 | 67.38 | 7075 | 74.29 | 12696 | 190.06 | 19956 | 209.54 | 220.02 | 231.02 | 157256 | 373 | 17.56 | 2331 | 27.42 | 2852 | 3810 | 5456 | 7270 | 5390 | 73.56 | 39335 | 1,965.91
40 2063 | 2167 | 2275| 2389 | 2508 | 2633 | 27.65| 14406 | 17627 | 21219 | 70050 | 063 | 1.99| 384| 529| 625| 835| 1084 | 1371 | 1209| 2002 | 8299
BASTACOLLA COLLIERY 7 783.49
AL coLLiery : | 4880 | si13| sage| ses7| 2002| 2007 | 2306 - - - 27583 | 148 | 483| 908| 1250 | 1475| 17.29| 2032 | 2256 | 11.66 | 1233 | 12681 20263
2 550 | 578 | 17222 | 18083 | 189.87 | 99.88 | 155.83 | 163.62 | 180.26 - 115377 | 008 | 053| 102| 1483 | 2269| 3607 | 47.41| 5407 | 3284 | 5019 | 25075
DOBARI COLLIERY 1,413.52
3] ) HooDiH oc : 7835 | 8227 | 8638| 9070 | 9523 | 99.99 | 104.99 - - - 637.91 | 119 | 749 | 1457 | 2094 | 2357 | 3044 | 41.03| 46.01| 2305 | 28.91| 237.18 875,09
44| ABAMAL CoLLIRy | 001S0100008822 | 1127 | 8.42 884| 928| 75| 3476 | 12750 | 13387 | 14057 | 14759 | 96185 | 043| 110| 12| 215 269| 354 | 2757| 3867 | 2511| 3353| 13660 | o0
45 165.03 | 17329 | 18195 | 191.05 | 200.60 | 138.22 | 14513 | 15238 | 160.00 | 47229 | 1,979.94 | 501 | 1592 | 30.74 | 4232 | 49.97 | 6677 | 8195 | 9448 | 5465 | 8242 | 524.22
KUYA GRP OF MINES 4 2,504.16
16 7381 | 7750 | 8137 | 8544 | 8972 | 9420 | 15017 | 175.24 | 23115 | 20437 | 126297 | 112| 7.05| 1373 | 19.73| 2220 | 2868 | 3866 | 4646 | 29.10 | 4752 | 254.24
RAJAPUR S/JHARIA OCP 001 1,517.21
ToTAL 403.29 | 42004 | 607.19 | 637.55 | 631.16 | 845.35 | 734.33 | 769.17 | 888.24 | #ms###| 697277 | 9.93 | 3892 | 74.80 | 117.76 | 14211 | 19114 | 267.77 | 31595 | 188.49 | 27492 | #m#e| 859455
47 387.56 | 406.94 | 427.29 | 448.65 | 47100 | 49464 | 51937 | 54534 | 57261 | 60124 | 487472 - 3663 | 7153 | 11212 | 113.05 | 148.26 | 202.67 | 22221 | 129.54 | 18547 | ssery
NT-ST-JEENAGORA GRP OF || 001 6,096.20
48 1886 | 6.75 700 | 745 - - - - - - 40.15 - 178| 236| 311| 284| 301| 328| 359| 269| 289| 2555
JOYRAMPUR UG MINE 65.70
149 16359 | 2504 | 2629 | 27.60 - - - - - - 24252 | 248 | 1564 | 17.79 | 1944 | 1855 | 1924 | 2181 | 23.89 | 1248 | 1565 | 166.97
BARAREE COLLIERY 001 409.49
50| oA coLLIERY 6164 | 17.80 | 1869 | 1962 - - - - - - 1775 | 093| 589| 742| 871| 874| 909| 1030 | 1128 | 806 | 9.04| 79.47 19722
51 4550 | 47.77| 5016 | 5267 | 5530 | 58.06| 6097 | 64.02| 6722| 7058 | 57223 | 069 | 435| 846| 1216 | 1368 | 17.68 | 2382 | 3014 | 17.87| 2509 | 153.95
KUJAMA COLLIERY 001 1 726.17
52 | ALGAMATED J0vRAMP 0015010011026 . - . - | 56098 | 585.04 | 614.29 | 64501 | 677.26 | 71112 | 3,793.70 - - - - 009 | 3692| 7697 | 1253 | 8633 | 13374 | 45019 | 00
ToTAL 677.15 | 50430 | 52052 | 555.99 | smus| uaus| susssr| swsws| ssmws| s 964107 | 411 | 64.20 | 107.56 | 15554 | 156.95 | 234.18 | 338.86 | 416.24 | 256.07 | 371.80 | #mH  11,747.66
53 6431 | 533 559 | 587 | 617| 648 - - - - 9374 | 195| 620| 666| 666| 636| 728| 837| 917| 655| 7.45| 66.66
SUDAMDIH INC MINES 2 160.40
54 o owRAN) GRP OF MINES | 001 13622 | 14303 | 15018 | 688 | 723| 759| 797| 7321 - 480 | 537.08| 413 | 1314 | 2537 | 3493 | 31.88| 3497 | 3870 | 3525| 1993 | 1862 | 256.93 o001
55 |6 OWRA(S) GRP OF MINES 56349 | 21198 | 8757 | 9195 9655 | 4085 | 19013 | 12422 | 13043 | 13695 | 167412 | 21.44 | 5476 | 7288 | 6824 | 7274| 8513| 9539 | 10717 | 5900 | 8332 | 72006 | o0,
56 | o prHeRoI GRe OF MinEs | 0ot | 5722| eo08| 6309 | 6624| 6955 7303 - - - - 38922 | 174| 552| 1066 | 1467 | 1733 | 2315| 3004 | 3290 | 17.42 | 1964 | 173.06 6228
AMALGAMATED
ST A oy | 0150100011522 - 1360 | 5008 | 5258 | 5521 | 17147 - 000| 08| 394 567| 1047 18194
58 | oAMDIH SHAFT Mings | 0015010011673 17422 - - - 17422 003 | 1060| 1095 1029 | 3187 206,09
ToTAL 821.23 | 42042 | 30643 | 170.95 | 17950 | 127.94 | 385.92 | 247.51 | 183.01 | 196.96 | 3,039.86 | 29.26 | 79.62 | 11557 | 12450 | 128.31 | 150.53 | 17252 | 195.95 | 117.80 | 144.99 | ##ess|  4,298.90
59 |\ sooniom s prosecT | oot 6218 | 8620 | 9060 | 9513| 9989 | 10483 | 5444 | 8560 | 8997 | 9447 | 88355 | 125| 7.85| 1528| 2233| 2435 | 3193 | 4302 | 4832| 2751| 3635 | 2B10| .o,
60 3141 | 3298 | 3463 | 3636 | 3818| 40.09| 4200 | 4420 | 4641 | 4873 | 39507 - 297 | 580 | 909| 916| 1202 1643| 2079| 1221 | 1718 | 105.64
MURLIDIH 20/21 PIT COLLIE]| 500.72
61 267.70 | 281.08 | 14003 | 147.03 | 15438 | 16210 | 17021 | 178.72 | 187.65 | 197.04 | 188593 - 2530 | 49.41 | 6437 | 5075| 7688 | 9027 | 10953 | 64.17 | 88.06| 627.73
LOHAPATTY COLLIERY 001 2,513.66
ToTAL 381.28 | 40035 | 26526 | 278.53 | 292.45 | 307.07 | 266.74 | 308.60 | 324.03 | 340.23 | 3,16455 | 1.25| 3613 | 7048 | 9578 | 93.27 | 120.82 | 149.72 | 178.63 | 103.89 | 141.60 | 99157 |  4,156.12
62 |BASANTIMATA COLLIERY | 0015010008827 | 121.88 | 28.90 | 3034 | 31.86 | 3345 | 3512 | 3688 | 3872 | 40.66| 4269 | 44050 | 464 | 1202 | 1433 | 1430 | 1602 | 1953 | 2355 | 2825 | 1635 | 19.97 | 168.95 609.45
63| OArIBARI BASANTIMATA | o0150100008828 | 12857 | 135.00 | 14175 | 14884 | 15628 | 16400 | 17230 | 18091 | 18996 | 199.46 | 1617.16 | 489 | 1249 | 2404 | 3012 | 3882 | 5209 | 6741 | 7391 | 4429 | 7204 | 42010 203726
64 | AYANESHWARI GRPOF | o0150100000042 | 209.61 | 220.00 | 23100 | 24265 | 254.78 | 234.28 | 246.00 | 458.54 | 481.46 | 50554 | 3,084.03 - 1979 | 3868 | 60.64 | 6060 | 8016 | 10741 | 117.37 | 7196 | O7.62 | 65431 | ,on0 o
65 [BEGUNIA COLLIERY 0015010001365 - | 11092 - - - - 110.92 004| 680 | 747| 691 647| 2770 13862
ToTAL 460.06 | 383.99 | 403.18 | 423.35 | 44451 | 544.42 | 455.18 | 67817 | 712.08 | 747.69 | 525262 | 9.53 | 44.30 | 77.05 | 105.06 | 11554 | 151.81 | 205.17 | 227.00 | 13951 | 196.10 | ##s####|  6,523.68
CRAND TOTAL 5416.00 | st | 4,612.78 | musms| sesmsy| wnsns | swsn| wwein | spmes| spesd| 5773050 | 113.47 | 500.36 | 005.26 | ams| susm| semessn| messs| semn| sps| sess| s 7310720

Note: In 2018-19, the amount deposited in Dobari Colliery is difference of amount provided in MCP approved in Board in Feb 2018 and amount deposited upto March 2018 as per MCP approved in July 2015.




#R BHARAT COKING COAL LIMITED
é A Miniratna Company

o’ (A Subsidiary of Coal India Limited)
Coal India Limited Office of the General Manager, Barora Area
Ref. No. - GM/Ar-1/GVTC/2022-23/ 2&)2? Date: - 31.03.2023
To,

The General Manager (HRD)
Kalyan Bhawan, Dhanbad, BCCL.

Subject: - Monthly Performance Report for the month of March 2023.

Dear Sir.

The Monthly Performance Report for the month of March 2023 of GVTC
Barora, Barora Area, is attached with this letter. This is a combined report of Barora
and Block-2 Areas.

This is for your kind information.

Yours faithfully
g

M\ ‘B’b‘w.

Group Training Officer
GVTC Barora, Barora Area

Copy to: -
I. General Manager, Barora Area.
2. Addl. General Manager, Barora Area

3. a Managcr (Salcty), Barora Area.
7 Office Copy.



N

GVTC Performance report for the month of March 2023

Name of GVTC: - GVTC Barora, Barora Area
Combined Report of Barora and Block- 11 Areas

|. Training as per MVT Rules, 1966 : -

Types of Duration This Month Cumulative
Training (in Days) | Target Achievement Target Achievement
(Departmental) (Training Completed) (Training Completed)
Basic / Initial 12/18/48 | APNE 20 APNE 156
Refresher 12 32 24 494 568
2. Special Training as per MVT Rules: -
Types of Training Duration Target This Month Cumulative
In Days (Annual) Achievement Achievement
Reorientation 12 As Reqd. 00 01
Trg. for change of job 12 As Reqd. 00 16
Shot firing 01 20 00 00
Personnel Handling Explosives 01 20 00 00
Trg. on Gas Testing 01 10 00 15
First Aid 01 25 00 00
3. Training as per Safety Conference Recommendation: -
Name of the Training Duration | Target Achievement (This month) Total
Programme Indays | (Yearly | Exe. | O/M | M/S | F/M | Worker | Cumulative

St.Trg. for Tech. Supv. 01 20 00 | 00 [ 00 | 00 00 36
Fire Fighting 01 30 00 | 00 00 | 00 00 34
Roof Support 01 10 00 00 00 00 00 23
Solid Blasting 01 10 00 | 00 | 00 | 00 00 09
Workmen Inspector 01 10 00 00 00 00 00 00
Safety Committee Member 01 20 00 | 00 | 00 | 00 00 36
HEMM Workers 01 30 00 | 00 00 | 00 00 34
Contractors’ Workers 12/18/48 | As |[Basic | UG-0,0C=18 [ 18 | s

Reqd [ Refresher 0
Need based Training-ERP 172 RASd 00 00 00 00 00 37

€q

Need based Trg on SMP ' As | 00 | 00 | 00 | 00 | 00 38

Reqd
Need based Training on 1 As
Behavioural Safety and Reqd 00 00 00 00 00 68
Attitudinal
Gas Testing 7 As | gl o | o | o0 0 15
(Degree/Diploma/Others) Reqd
IDM 30 Drill Trg Z As 0 0 0 0 00 19

Reqd

o7
0{5’
A%
Group Training Officer

GVTC Barora, Barora Area




Details of Refresher Training, March 2023

Name of G\f’TC: - GVTC Barora, Name of Area: - Barora Area
Specific categories of Open Cast Workers / Supervisors

Types of training Duration This month Cumulative
_ In days Target Achievement Target Achievement
Drillers 12 00 15
Blasting Crew 12 0l 05
Dumper Operators 12 06 46
Shovel Operators 12 03 19
Dozer Operators 12 01 13
Dragline Operators 12 00 02
Fitter / Mechanics 12 05 L
Electricians 12 0l 14
Auto Electricians iz 00 17
Others 12 6 176
Total (Open Cast) 23 416
I._Specific Categories of Underground Workers / Supervisors: -
Types of Training Duration This Month Cumulative
in days Target Achievement Target Achievement
Trammer 12 00 23
Track Layers 12 00 02
Drillers 12 00 09
Support Personnel 12 00 13
Persons handling Explosive 12 01 06
Fitter / Mechanics 12 00 14
Electricians 12 00 11
Machine Operators/Drivers 12 00 27
Welders & Gas Cutters 12 00 01
Ventilation Gang 12 00 00
Fan Attendants 12 00 00
Winding Engine Drivers 12 00 00
Banksman / Onsetter 12 00 01
Others 12 00 45
Total (Underground) 1 152
o7

/Pfﬁ/\, 0%

n

Group Training Officer
GVTC Barora, Barora Area
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Additional Monthly Report (Ref.:- G.R.L. Guideline) for the Month of March 2023

Name of GVTC: GVTC Barora, Barora Area Month: March Year: 2023
(1) (2) (3) {4) (5) (6) (7) (8)
Course From --To No. Nos. of Male Female Total Man days | Total
Name of Participants Participants | Participants (492) Training
Days Hours
01.03.2023 Male | Female | 3612
All To 27 62 59 03 474 18
trainings | 31.03.2023
(9) (10) (11) (12) (13)
Total Training Executive Non-Executive | S/C Participants S/T Participants OBC Participants
Hours Participants Participants
Male | Female | Male | Female | Male | Female | Male | Female | Male Female Male | Female
3480 132 00 00 59 03 15 02 02 00 37 00

(=]

0
v

o

Training of Contractual Workers:

Surface Opencast UG. Mandays
This | Cumulative | This | Cumulative | This | Cumulative This Cumulative
Month Month Month Month
Sur=0 Sur=12
o N O A R B L
Total = 2448
Refresher 00 00 00 08 00 00 00 48

Total Training Completed and Certificate issued up to March 2023= 185
{Cumulative = 2 (Surface) + 38 (UG Basic) + 137 (OC Basic)
(Contractual Basic = 177 Contractual Refresher = 8) Total = 185

Type of SC | ST OBC | General | Male | Female ToEaI Cumulative
S. | Training This
N. Month
1 Initial 05 00 13 00 18 00 18 177
2 | Refresher | 00 | 00 00 00 0 00 00 08

g™

Group Training Officer
GVTC Barora, Barora



GVTC Barora Report for the Month of _Ma_rcﬁl)zi Date: 31.03.2023
| Name of Areas: Barora and Block - 11 _
Type of Training Target Current Cumulative
month
(S Achievement
Departental Busic ~ APNE 20 | 16
Departiental Refresher 32 24 | 568
Others D 0o 00
Reorientation i Asreqd. | 00 01
L L‘E’ Gas Testing | 00 15
S Shot firing ] 20 | 00 00
g E Persons Handling Exp. 20 00 00
B Change of Job As reqd. 00 16
g8 First Aid 25 00 00
A 3 Others 00 00
» St. Trg. M/S, O/M 20 00 36
S Fire fighting 30 00 64
5 Roof Support 10 00 23
2o Solid Blasting 10 00 09
S E Workmen's Inspector 10 00 00
5 9 Safety Committee 20 00 36
P HEMM Workers 30 00 34
& £ Contractors workers Surface (Basic) As req. 00 02
=t Contractors workers UG (Basic) As req. 00 38
‘s 5 Contractors Workers OCP (Basic) As req. 18 137
=0 Contractors Workers OCP (Refresher) As req. 0 08
ERP Training As req. 0 37
Safety Management Plan As req. 0 38
Need based Tra Behavioural Safety and Attitudinal As req. 00 68
Gas Testing(Degree/Diploma, others) As req. 00 15
7 days
IDM 30 Drill Training As req. 00 19
Grand Total 62 1320
Category Category wise number Mandays
This month Cumulative | This month | Cumulative
SC 17 247 144 1607
Teaininoe L1 2 117 12 851
A bntigs oBC 7 686 300 4380
General 6 143 36 761
Male 59 847 474 7331
Female B 3 28 18 164

v
Avg o™

Group Training Officer
GVTC Barora, Barora Area
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ampL Ambey Mining Private Limited
ik AN SrrE | naek 3 CIpshmS LREAL) s

Bef: AMPL/Benadih Patch/Poliution Cedificals/ 20231 08/2 30330 Date: 10 05. 2023

T

The Erviranmantal Officer

Block-1| drga

Bharal Coking Coal Limited,

Dhanbad

Ret 1 NIT Mo BCCLU/CMCH-HEMM'e-Tender 20207238 4L 16 07 2420
2 LOA Mo BCCLICMEH-HEMM-44/L OAMNew-BeneditvBlock-IN202 01352 dt 20 102020
3 Work Drder Mo GME-IIAWONew Benedih PaichiAMPLI20-212 314 i 23 14 2020

[agr Sir,

Kindly refer to the above menticned MIT, W0k and LOA vide which the work of "Hiving of HEMM
for remowval of OB, extraction and fransportation of coal with firefighting fromi XL XEEN WIICHX X
VIHE VA, VI E AT seams of Mew Benadii Patch of Amalgamated Benedih Patch Biock-Il GCF,

Biock il &rea of BCCL”, has been awarded fo us.

We are submitting pollwtion cerificate.of attachea with here & details vehicles

3L NOY REGISTRATION NO

1 WE 398 5003

LT LA -
NL 01AB 9830
NLO1ABO8I1
NL 01AB 9833
JH 10C) 2806
JH 10CL 3227
JH 10CL 2258

[ I = L B RN E R

Thankng you

vl mtithully
Fﬂrﬁ;ww? Mining Private Limited

LA o |l | b "



Form 59

iSee rules 115 (21

Pollution Under Contrel Cartificate |
Auithnrisad By
-.'-m-mmg!'lr of Jhark hand - _ J
Date 2370272023
Time © 14:37:58 PM
Validity upto ; 22/0B/2023
Corficole 3 Ne B IHO L 700 10000 1264
Fagitalion Mo i MLOLABDRIN
Uafe ol Rogsiratinn = 06/ Julf2018
Month & Naar of Marilachiring i Fny-2018
el Mohig Mutbses e TZH6
Ermiasian Narms : BHARAT STAGE 111
Foni DIESEL
U Cooe : JHI1?0010
ST k
Fear ! Rs.300.00
[GET to be paid extra as applicable)
At atssrvaton L N

Vehicle Photo with Registration plate
60 mm x 30 mm

Measured Yalue

Pollutant {as Units {as
5. No. applicable) applicable) Emission limits [\.hpt: 2 ﬂ:?l’mar
1 2 3 4 5
Carbon Monoxide (CQ) pefcentage (%)
1dling Emissions
Hydrocarbon, [THC/HC) pEoim
CD perdéntage (%)
High sdling
EfMiEsions RFM RFM 2500 + 200
Lamhbda - 1&0.03
Leght abserpilon
Smoke Density e i 1/maotre 2,45 0.25

This PUC certificate iz system generated th rough the national register of motor vehicles and does
not require any signature,

Mote 1 Vahicle owners to link Weir mobile umbers io regislerad vehicla by logging o hitgs:puc. parivahan, g:w in

 Aumorised Signature with :t-ump of PUC aparatm
GLumim ¥ .-_-'I'_;-_rpm




Form 5g

/ i _ ) [Ere rules 115 (21
Poliution Undear Contro| !:erfrﬂcaln ' ==
[ Authonsps By J
:;-_n-.r_r_-m_n-.unr u!‘_.l hark farg g

Date - 23/02/2023 = - =

Time © 14:36:06 PM I
\.falidifjr upto ; J:Efﬂﬂf 2023

T T T e — = 'jl-ﬁi?_ad?&-nﬁﬁa__ ===

Frgisiration by : NLOLAR9RT]

i of Ragisdnns : 06/ 1ul/2018

Month & Year ol Manufmct ming - Map.2010 |
Vil Mok Py urmigse I Bt 5

Crmibsmion Macmy 1 BHARAT STAGE e

Fuinl 1 DIESEL |
PLC Eaie ; HO1 70010

[ | ] r |
T i H.s.EDE-.I:ID

[GET to he Paid axerg ac applicable)

MY abeareniing H M

Vehicle Photo with Hegistrahalﬁél_m
80 mm x 30 mm

= — Measured valya |
Pollutant {as Units {as |
Sr. No., applicabla) applicabia) Emission limits {upta 2 decimal
Places)
1 2 | 4 5
Carbon Monoxide [co) Pertentage (90 |
?l:||.'|'||] Emisgions |
Hydrocarbon, [THC/HC) oem
co PEMCentIge o) |
High ifling 2TO0 &
Emissiong il RFM 500 + 200 |
Lamibdy - 1 003 |
Stncke Density Light absarption 1/metre 245 0.22

coefficiens |

This PUC certificate is SYSLEMm generated threugh the national register of motor vehicles and coes
net require ANy signakures,

fote . | Veicle owners to link their mobila numbers 10 registensd vehicle by logging to https-fpue. parvahan.gov.in

;‘numnﬁsﬂgﬁﬁu}éﬂm—mm of FUC operator

Blmm 5 20 i

o —— T ——— e |




Fallution Under Control Centificate

Form 59

[Se rules 115 (2)

Aitharisod By
| Government of Jharkhand
Date 08/01/2023
Time 11:42:47 AM
Validity upto 07/07/2023 £
T Y Ino17000600635T e
Forgiairabin bo : MLOEABSES]
Do ol Regisraiian ! 08/ Iul/ 2018
koo & Yaar of Marwdachising Mary-2018
Wil Mobibs Mombpr ; SR ERg
Emiszian Morr ! BHARAT STAGE TII
Fimd i DIESEL
PUL Cada : HI1T00g0s
GATIN
Fiwg R=.300,0
WL nl:_:-nn.-ul-:_._-. : Ra

Uehicieﬁuuﬁwﬂﬁ_e?istraﬁun plat_e_

&0 mm x 30 mm

Poliutant (as
applicable )

| 2
Carban Menogide (C0O)
Hydrocarbon, (THC/HE)

Idling Emissisns

ch
High idling
EmiEsions REH
Lambda

Light abiscrplion

S ~Hirt L
Rl coafficient

Measured value

:::;Jt:a{hah:} Emisston limits (uph:r:ﬂ:::]ﬂml
3 4 5
PEMCEntage %)
ppm
prrCentage |%)
RFM 2500 £ 200
- L +0.03
1 metre 2.45 1:11

This PLIC certificate is system generated through the national register of motor vehicles and dogs
mot require any signature.,

et 1

s vanan panvahan gov in

eI owners 1o link teair mobile numbars o registenad vehicle by logging o

L rersad Sigriature wih s.:Hp of PUC Qparator

= o1 25 e




Pc-mi.'r;l'!.UﬂﬂEr .‘iﬂni;.;iif:_ﬂﬂ:ﬁ:ﬂ_[ﬂ

Authorsnd By

QL-WTTEEI_..II-_amhanrJ

Date . 23/02/2023
Time © 0 14:33:33 PM
Validity upto 22/02/2024

“”""-"'F‘_'-:\.'L Mg
ﬁ'"ﬂl:—llnlm [ TE]
Lrate of Moo siration
Wnrin A eer of Mariiactiring
Wrlk Mobile Ruimbae
Craissgn Morms
Flsm
P Gode
GETIY
e

Wil ehsorvaian

Form 58

[Erme__rull:;_liﬁ: 124

JHO1 700 100001262 '
WBI9BOZE0 |
Q&/Mar/ 2020

Ducembor-2018 |

BHARAT STAGE IV
LIESEL
THO 170010

{GST to be pald extra as appilcabis)
]

Vehicie Photo with Registration platé

&0 mm x 30 mm

'ﬁ'ﬁasa 9260

T 5 e E N
- ) ) Measured 'hl'uluq_l
Pollutant {as Units {a= :
Sr. No. applicable) applicable) Emizsion limits I“Fl;:;::;iﬂﬂl |
1 2 k| @ 5
Carbon Manoxide (C) Parcentage (%) |
fdking Emissipns
Hydrocarbom, (THC/MHS) pPpm
<o percentage (%)
High idliing
AMmissions RPM RPM 2500 4 200
Lambda 1+ 0.03
Smoke Density L'gr;:riﬂ:'ﬁh" Limetre 1.62 .18

This PUC certificate |s system generated through the national register of motor vehicles and does
not require any signature.

Mate 1. Vehicle owners 1o link thae maobile numbers to registered vahicle by logging to Mips puc. parivanan gowin |

Authicrisad Siqnature with stamp of PLC oxpebrator
Blmm x 30 mm

.



Authorised By

Govemment of Jharkhand

Date 11/01/2023
Timea 20:02:46 PM
Walidity upta 10/01/2024

Corifcme 5L MG

Cresenlvabio Mo

ik of Fngatalins

mnitP & Ve of Warulashinng
Wi Mplie Mimise

Eregesnm Momms

Fued

ENIC Codp

L. ]

Foes

M1, haerwmbon

Form 59

IHOL02DE0002E1 1
THIOC G

3 Mar 2022
Jirang 2023

RHARAT STAGE V1
DIESEL
1HOLO0Z0E

its. 300,00
(GST to be paid extra as applicable)
Ha

Vehicle Photo with Registration plate
&0 mm x 30 mm

Poliutant (as
applicable)

2
Carban Monozicde [C0]
Hydracarbon, (THGHC)

Idiing Emmsiong

co
High idimg
BIFIES IS REn
Lambda

Light absarptiaon

Snke Dermity coeIfient

Measured Value
.:&tﬂ:; Emisslon limits rup'l; 3 ;::;"“"
3 4 5
percentage [H)
P
percentage (%)
RPM 2500 = 200
1£0.03
1fmeatra o.v 066

This FUC certificate is system generated through the national register of motor vehicles and does
rol require any signature,

Rule 1 Ve awners 1 link their mobila numbers 1o regisiered vehicie by logging to hitps:ipuc.parivahan.gov in

Buransed Slgl'niura_l-'.l-ﬂ'rﬂl&'np al PUC operatar

Blmem ¥ 20 mm

f'.mt!in:ann-:f



r

Authorsad BY
.;:;.w'ﬂl'l'll'lll ol Jhiwknand

Date
Tima

Validity upto

12/01/2023
15:28:01 PM
11/01/2024

Caerilicaie 5 Mo

Farm 59

[5ee ruies. 15 (2)]

10T DR B0 R 20

Segizirason W IHIDCL2258
Ciale of Rpgeliahos L0y Puind 2022
Lhsedt | Yoy of W factuning May 2023
i Winkie B arhet SR RS
Erismuiet M= BHARAT STAGE W1
Fimdd MESEL
P il IHO 100 206
ST
Py R 300,00
(ST bo be paid extra as appfcabse}
WIL olsdfeEmen i Ne ]

vehicle Photo with Registration plate
&0 mm x 30 mm

Poliutant [as

5r. No. applicabile]

i £

Carbpn Manaxide [CO)
Iding Emessiong

Hydrocarbon, [THC/HC)
o0
High dng
EMFSSIONG e
Larmbda
i Light absorptéon
Smpks Dengity cnefficiant

Measured Valus

ug;‘:_{.::] Emission limits rum::ﬂ-;ﬁﬂﬂ
3 4 5
prreentage (%)
ppm
percentage (%)
=] 2500 = 200
- 1 4 0.03
1/metne 0.7 0.56

This PUC certifichte is system generated through the national register of motor vehicies and doss
nok reguire any signature,

bt 1 Vehich cwries o ink iheir mobie numbers bo reglsiened vehicle by logging to htips Mpiic pafivalkan o in

Butransed Sgnetune wih stamp of PUC operator
Billrrart x 20 rm

mt‘:nm.'«i..:inu..':



Form 59

[See rues 115 (2))

&0 mm x 30 mm

Pollution Under Control Certificate
Audtarsed By
Government of Jharkharst
Date ©12/01/2023
Time I 15:31:53 PM
Validity upto ¢ 11/01/2024
Corhcaln L Mo S HO100206000262 1 -
S lianmn Mo JHIGCL3227
Tty ol Regetahon 10/ lun/ 20232
Wionth B Year of Manulactunng Aprd 07T
Vi) Mohie Mimies SRS
Emssann Mosme BHARAT STAGE W1
Fam DIESEL
L Code JHO100206
GETIN
Ippy Rs, 200.00
[G5T to be paid extra as applicable)
Iﬂ:l“ﬁlibﬂﬂ Pdo
vehicle Photo with Registration plate

Foallutant {as
S Mo, applicablae)

1 2
Carban Monceide {0

lding EmaEsions
Hydracarbon, (THCMHC)

ca
High sdling
SMissions W
Lamibida
Sricke Density il

This PUC certificate |5 system generated throwah the nation
NSt require any signature

;:;mﬁ} Emisslon limits ?u&;éé:%:;::iﬁ
3 4 5
percentece ()
P
percentage (9%6)
REM 2500 + 300
- 1 = 0.02
1/metre o7 0.63

al register of motor vehicles and doey

Poiler 1 1 \eshucle gwmars b firk e mnunter: b:l

regsiened vahicie by Ium:l'-g 10 hips: Mpasc panvahan gowin

.E-uﬂmm h-grwb..u‘a wth atamp of PUC operator
bmm ¥ 20 mm




BHARAT COKING COAL LIMITED

(A Subsidiary of Coal India Limited)

OFFICE OF THE GENERAL MANAGER

K-IT AREA,PO-NAWAGARAH.DHANBAD-828306
CIN:U10101TH1972GO1006918

Tel. No-0326-2393108/Fax No-8326-2393108

Ref: GM/B-TL15-19/

Date: 24.10.2018
To,
The Mukhiva
Dusmra (Neeth) Gram Panchayst

Sub: Regarding submission of EC lkemer of Cluster 11 groups of mines, BCCL,
Ref-EC letter no. J-1101535/201 1-1A, (M) & 06.02.2013

Dear Sir,

Environmental clearance of Cluster -1 @roups of mines. BCCL has granted by ministry of
Eavironmess, Foeest and Climate Change vide EC lefter ne. J-1101 5735201 1-1A (M) 0t 06.02.2013. As
Pt general conditlon na.xiv of EC letter,

Please find enclosed herewith the above referned Jetter.
Tais i3 for your kied information and record,

Encl: Asabove

Yours Sincerely

L2

Block Al Area
Copy tox
1. Dy. GM (Eav) Koyt Bliawan

o
G“‘*e'q Qu.;u €
m 250800
o e o

Scamed by CamScanrer

BHARAT COKING COAL LIMITED
‘ {4 Subsidinry of Coad india Limited)
OFFICE OF THE GENERAL MANAGER "
BLOCK-I1 AREAFO-NAWAGARAHDHANBAR-S183
CIN-U10101IH1972G0 1000914
Tel. No-326-1393115/Fax No-Dki6-2393108

Dote: 24.10:2008
T, GBI S 50 8

Ta,
The Miikhlya
Chumea (South) Gewm Panchmyat

Sub: Reganding submission of EC Seter of Cluster ~[1 groops of mines, BOCL.
Re-EC better no. J-1 LOVSIS/201 1-1A.1{M) 4t 06022013

: i ]
- E"IEn\-imnmm“ clearance of Chisier <l geoups of mines, BOCL has grasted ::‘;:I;;E}.:a
Enviromment, Foest and Climate Change vide EC Jifier ga, J-L1015A5201 1A THM]) & rgu-,,- i
Fr‘tﬂtl’llc;mdilimm.li\- of EC letter, Flease find enclased herewith the shows refemred 2
Tivis b5 o youir Kind sfoemation and reeord
Esxlc As abave

Yoars Sincerely

‘G‘g?@ Manager

Block-11 Arca

Capy 10t
1. Dy, GM (Emvj Eayla Biawan,



BHARAT COKING COAL LIMITED
(A Subsigiary of Coal India Limited)
OFFICE OF THE GENERAL MANAGER

7 Rel: GM/B-
Wis- 5738 Date: 24.10.2018

To,
The Mukdiya
Barora Gram Panchayat

Sub: Regarding submissica of EC letter of Ciuster I groups of mines, BCCL.
ReE-EC letter mo. J-LL01S/35/201 1-1A.1M) 2 06.02.2013

Dear Sir,
Envircemental clearance of Chster -1t
. i Froups of mines, 8CCL has granted by ministey of
mmm Forest and Climate Change vide EC letier no. J-1101 $/35/201 I-IATI(M) & 06.02.2013, As
pev geee coadition no.xiv of EC letter, Please find enclosed herewith the above referred hetter.
This i for your kind information asd record -

Encl: As above
Yours Sincerely
Manager
Block-l Area
Copy !
1. Dy, GM (Env}Koyla Bhawan,

T

DITARAT CORING COAL LIMITED
(A Subsidlary of Coal India Limited)
OFFICE OF THE GENERAL MANAGER
BLOCK-II AREA,PO-NAWAGARAH DHAN
" CIN:U10101H1972GO1000918
Tet, No-1326-2393105/Fax No-0326.2303108

To.
The Mukbiya
Muraidih Gram Panchayat

‘Sub: Regardings submaissica of EC lener of Cluster Il growps of mines, BCCL.
Ref-EC Jetger 1o, J-11013/33(201 1-LALI(M) i 06023013

Deear Sit,
Envircamental clesrance of Closr —I goupe of sines, BCCL hax granted by ministry of

Environment, Farest and Climate Change vide EC letter 0o, J-1101 5635208 1-4AI(M) d1 06.02.2013, As
per pensral candition mo.xlv of LG lester, Plascs find snelosed herenity e above refemed feter.
This is for your kind information and record.

Enel: Ax whone
Yours Sincerely
11 Ares
Copy
1. Dy. GM {fiav) Kozt Rhawan

&
¢ e pe)

25\v| 201




“Source apportionment of ambient air particulate matter
In Jharia coalfields region, Jnarkhand”

Sponsor

Bharat Coking Coal Limited (BCCL)

CSIR-National Environmental Engineering

Research Institute, Nagpur

NEERI

April 2022



Final Report

Principal I nvestigator

Dr. Ragesh Biniwae

Senior Principal Scientist
CSIR-Nationa Environmental
Engineering Research Institute
Nagpur-440020, M aharashtra

rb_biniwale@neeri.res.in

Scientific Team

Dr. Y ogesh Pakade

Er. SAA. Praveen

Dr. Rakesh Kadaverugu
Dr.Anirban Middey

Dr. A. D. Bhanarkar

Project Team

Mr. Pankg Kaware
Mr. Ariz Ahmed

Ms. Anshu Pandey

Ms. Samiksha Asntikar
Ms. Shruti Pande

Ms. Punam Bagde

Ms. Pratiksha Thombre
Mr. Mohit Mahurkar
Mr. Rahul Pawar

Ms. Smita Aditya

Mr. Ankush Rai

Mr. Vijay Selvarg



Final Report

Contents
I ES 0] I = RSSO 6
Chapter 1 INEFOUCTION ........eeeieieeeeeeee st b e bt n e renn b nreenis 7
00 I O 0 7= SRR 8
1.2. LaNA USE & LaNU COVEN ......veeiiieieitieieeie sttt sttt st sse e s sreete e e sseetesneesneenes 8
1.3, POPUIBLION. ...ttt bbbttt e b bbbt e e e e e s e e e ne e nis 9
1.4, PUIPOSE OF SEUAY .....eeeiieeieeeee ettt bbbt n et n e nre s 9
1.5. APPrOACH OF SEUAY ....ceeiieieiiieeiese ettt sne e 11
Chapter 2 EMISSION INVEMEOTY ......oouiiiiiiiiiiiieeieeeeieee sttt se e bt sne s e e e e e snenne e 12
2.1, INVENLOry Of POINT SOUICES.......ccueiiiieieieriesie sttt sre s n e sne e 12
2.2, INVENLOrY Of ATER SOUITES........ecuiiueeiieiieienieste ettt e bt b et se e e e e e e seesne e 12
2.3, INVENLOrY Of LINE SOUICES........eiuiiiiiieieeesiesie sttt nre s 12
pZ VI = 1 000 (o] o | RS 14
2.5, RESUITS ...ttt bbbttt et st s bt be e b e be et et et et e ee bt 15
2.5.1. INAUSEII Al EMISSION ..ottt sttt sbe st re s et e nne e 15
2.5.2. Area/DistriDULE SOUICE........ccoiiiieiieiieieee e 16
» Emission load from mining aCtiVities..........c.ccceieeiiiieie e 17
» Cooking operations in non-slum household.............cccooeeiieiicc i 17
» Cooking operations in Slum households ............ccooveiiiiiecie e 18
>  EMISSIONS frOomM CremMatoriUM ......cc.cciiieieieiie et st ee e nre s 18
»  EMISSIONS TrOM DBKEITES ..o 18
» Emissions from hotels and reStaurants...........ccoeeeeeeiene s e 18
»  Emission from OpeN Eat-0ULS.............ccoiiiiiieie ettt 19
2.5.3. Grid WiSe eMiSSION INVENTOIY .......oiueriririeieiesie et see e 19
Chapter 3 Air Quality Monitoring and Receptor modelling..........coevereiinininenieeeieeseniee 22
3.1. Sampling Method and SChEUIE.............coiiiiii e s 24
3.2, CREMICEl ANAIYSIS.....ciiiiiieiesie ettt bbbt ettt be e enis 26
3.2.1. GraVimELIiC BNAIYSIS. ....ccveeeiirieriesiesieeeee ettt b et b et e e seesne e 26
3.2.2. Elemental @n@lYSIS......ccouiiiriiriiierienieee e et 26
3.2.3. AnalysISOf SO2 @NA NOi....c.eeeiieeieiiieiece e nre s 26
I o g 1= 7= S 7SO 27
3.2.5. Polycyclic Aromatic Hydrocarbons (PAH) @analySiS.........cccceverereninenieenenese e 27
3.2.6. EC & OC @NaAlYSIS....cuecueeieieiiesie st st et eee e ste e te e e e aessesaesresseeneeneeseesensesseeneens 27
GG =S PSS 28
3.3.1. Mass concentration Of PM 10 @N0 PIM o5 ....evvieiiieiiieeeeeeeeee et e e e saaneeee e 28
3.3.2. Elemental concentration of PM 1o and PM 251N SUMMEY ........ccoviieiienieninneeneeee e 30
3.3.3. Elemental Concentration of PM g and PMos N WINtEr ........cccvieiiiiiiie e 31



Final Report

3.3.4. SO, and NO;, concentration in ambient air in the Summer season..........ccccceeeeeereenne 33
3.3.5. SO, and NO, concentration in ambient air in Winter Season...........cccceeveeeeeieenenennenn 33
3.3.6. Carbonaceous Aerosol/EC & OC IN SUMMEY .......ccvieieeieerierienie e 34
3.3.7. Carbonaceous A€roSOI/EC & OC INWINLEN ........coviirerieieiesiesie e 34
3.3.8. lonic composition of PM 19 and PM25 iN SUMMEr SEASON ......cvvveeerieerieniesieenie e 36
3.3.9. lonic composition of PM1g and PM2 5 in Winter SEason..........ccceeeveevenieneenesienseeene 36
Chapter 4 ReCeptOr MOUEIING .....ccvveieieecieee ettt esreennas 40
VI IS o U1 (oo YA o0 o i o 01111 | S 40
4.1.1. Chemical Mass BalanCe (CIMB) ........ccceiiiiieiieie ettt 40
I S o U o= o (o)1 T o 42
G N 01010 T (o1 T o 42

4.2. Results of the Chemical Mass BaAlanCe.........cccooeviieniiinineese e 43
4.2.1. DOMESLIC COMBUSLION ...ttt st e 43
4.2.2. INAUSEFTEl EMISSION ..ottt 44
e T O I Y/ T a1 oo S 44
A N W =01 o0 - 1) S 44
4.2.5. Secondary 1NOrganiC AGIOS0! ........ccueiueriirieriiriireneee e 44
B.2.6. AQITCUITUN.....eeieeeeeeee ettt e e n et e ene e 45
4.2.7. OPEN DUMING ...t b e bt e e e e b e ene e 45
4.2.8. ROA0 RESUSPENSION AUSE ......cveieiiieiieieie st 45
4.2.9. Other emission CONEITDULION ......cc.eeiiiierieeie e ee e e nee e sne s 45
Chapter 5 DiSpersion MOGEIING.........coiiiiieeieeee e nreas 52
5.1 WiING Aat@aN@lYSIS ....coueeueeieiiiiesiesiesieeeeee ettt bbbttt nreens 52
5.2. Dispersion of PartiCulale MELLEN ...........ccooueriereriiesieeieeeeeeee e 54
Chapter 6 RECOMMENUELION........c..oiuiiirieitirieeieee ettt sb et n e e e b nreas 59
6.1, MINEINUUSLIIES......ccveeieieeeieeiestee e e ee st e e ee st e ste et esse e teeseesseesseeneesseenseeneesseesseenseeneensennses 59
B.2. ATEA SOUICES .....utietie it e stee e ee e bt et e te e st e e s bt e s ate e bt e saeeesbeesaeeabeesmseebeesaseenbeesnseenbeesnteenneennns 59
TR I 0TS o U ot SRS 60
CI T @ 1 1 T SRR 61



Final Report

List of Figures
Figure 1.1: Geographical location of Jharia Coalfield in India 7
Figure 1.2: Land Use land cover map of Jharia coal field area 8
Figure 1.3: Air quality Monitoring & emission source apportionment studies 11
Figure 2.1 Percentage of different types of vehicle surveyed on the road network during the
field survey 14
Figure 2.2 PMo emission load for different categories of vehicle 15
Figure 2.3 Grid-wise emission inventory of PMyg in tons/year over the study area 20
Figure 2.4 Grid-wise emission inventory of PM2.5 in tons/year over the study area 20
Figure 2.5 (a) and (b) represents emission load from various sectors over JCF region for PM g
and PM, s respectively 21
Figure 3.1: Air monitoring sites under 30 km buffer area 23
Figure 3.2: Average concentration of PMg and PM, s in JCF region in summer compared to
NAAQS (2009) 29
Figure 3.3: Average concentration of PMgand PM, 5 in JCF region during Winter compared to
NAAQS (2009) 30
Figure 3.4: Metal concentration of PMy in the summer season 31
Figure 3.5: Metal concentration of PM, s in the summer season 31
Figure 3.6: Metal concentration of PMyg in winter season 32
Figure 3.7: Metal concentration of PM 2.5 in winter season 32
Figure 3.8: NO, and SO, Concentration of all monitoring sites in summer season 33
Figure 3.9: NO, and SO, Concentration of all monitoring sites in Winter season 34
Figure 3.10: EC & OC concentration in PMg and PM, s in Summer season 35
Figure 3.11: EC & OC concentration in PMyo and PM, 5 in Winter Season 36
Figure 3.12: Anion and Cation concentration in PMyo in summer 37
Figure 3.13: Anion and Cation concentration in PM, 5 in summer 38
Figure 3.14: Anion and Cation concentration in PMjq in winter 38
Figure 3.15: Anion and Cation concentration in PM, s in winter 39
Figure 4.1: General methodology followed in the source apportionment studies 43
Figure 4.2: Source contribution at receptor locations of PMgand PM, 5 in summer 47
Figure 4.3: Source contribution at receptor locations of PMgand PM, 5 in winter 47
Figure 5.1: Methodology followed in the study. 52

Figure 5.2: Windrose of the study area during March-June, 2019 (wind direction blowing
towards the center) 53
Figure 5.3: Windrose of the study area during November-December 2019 (wind direction
blowing towards the centre) 54
Figure 5.4: AERMOD grid covering the Jharia Coal Fields (JCF). The line, area, and point sources
covered in the study are indicated in red color. The UTM coordinates of the left bottom
point are x=406111 and y=2603492, and the coordinates of the right top point are
x=456248 and y=2653417. 56
Figure 5.5: Windrose diagram for the summer (left) and winter seasons (right) at Jharia Coal
Fields during the sampling period. Wind direction is flowing towards the centre. 56
Figure 5.6: 24-hour average maximum ground level concentration of PM contours in the study
area simulated during the study periods in summer (left) and winter (right) seasons (a)
PMyo (Hg/m®) and (b) PMys(ug/m’) 57



Final Report

List of Tables
Table 1.1: LULC classification of Dhanbad study area 9
Table 1.2: Population in the study area as per 2011 census 9
Table 2.1: Daily average vehicle activity on different road network considered during the field
survey 13
Table 2.2: Utilization Factors for different types of vehicle 14
Table 2.3: Emission estimate for road transport 14
Table 2.4: Emission rate for the paved and unpaved road 15
Table 2.5: Emission factor for coal mining activities 16
Table 2.6: Emission load from Industrial sector in Dhanbad 16
Table 2.7: Emission load from coal mine activities in Jharia coalfield region 17
Table 2.8: Emissions from the use of LPG in non-slum households in Dhanbad 18
Table 2.9: Emission from coal as fuel 18
Table 2.10: Emission from Crematoria using Wood as fuel 18
Table 2.11: Emission from Bakeries using Coal as fuel 18
Table 2.12: Emission from Hotel & Restaurants using Coal 19
Table 2.13: Emission from Hotel & Restaurants using LPG 19
Table 2.14: Emission loads from open eat-outs 19
Table 3.3.1: The details of mine cluster in Jharia Coalfield 22
Table 3.3.2: Frequency of Air pollutants sampling in Jharia Coalfields 24
Table 3.3.3: Ambient Air Quality Sampling/Analysis Methodology for Target Pollutants 24
Table 3.3.4: National Ambient Air Quality Standards (2009) 25
Table 3.3.5 Standards for Coal Mines (Stipulated by Ministry of Environment and Forests
(MoEF), Vide Notification No. GSR 742(E), Dt: 25.09.2000) 26
Table 4.1: Summary of relevant air quality studies from major Indian cities. 48
Table 5.1 Performance Stimulation Metric 58



Final Report

Chapter 1 Introduction

Jharia Coalfield (JCF) is one of the oldest coalfields of India and has been subjected to
coa exploitation for more than 100 years. JCF is one of the significant coal -producing areas in
the country and occupies an important place in India's industrial and energy scenario by virtue of
prime coking coal and is an essential source of coal. Jharia coalfield is crucia and a large
coalfield situated in Dhanbad and Bokaro district, Jharkhand. Geographically the JCF is bounded
by latitude 23°38' N to 23°49' N and longitude 86°09'E to 86°30'E and encompassing a total area
of about 450sg km (Figure 1.1). Jhariais the largest coal producer in India and has an estimated
reserved of 19.4 hillion tonnes of coking coal. The coalfield contributes to the local economy and
directly or indirectly employs the local population.

Bharat Coking Coal Limited, a subsidiary of Coal India Limited, has been operating the
majority of the coal mines in the Jharia coalfield regions since its inception in 1972. Jharia, one
of the eight blocks in Dhanbad and the main source of metallurgical coa in India can be termed
as the country powerhouse since its mines are the only source for the best quality coking coal
required by the steel industries and others in the country.

235"

Cvsins o2

Figure 1.1: Geographical location of Jharia Coalfield in India
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1.1. Climate

Dhanbad lies 236 m above the mean sea level and experiences the tropical climate. When
compared with the winter, the summers have much more rainfal. The Koppen-Geiger climate
classification is Aw (Tropical wet-dry climate) and experiences an average temperature of 25.9
°C and 1203 mm of precipitation falls annually. The driest month is December. Thereis 3 mm of
precipitation in December. In July, the precipitation reaches its peak, with an average of 321
mm. With an average of 32.5 °C, May is the warmest month. At 18.4 °C on average, January is
the coldest month of the year. The windrose for the March-June months is presented in Figure
1.2.

1.2. Land use & Land cover

In the present investigation, the Jharia coafield area (2827.43 sqg km) has been
undertaken to study the Land use land cover (LULC), For this study, Sentinel-2A satellite image
is used in the month of 17 February 2019 having a minimum cloud. These images were
downloaded from the United States Geological Survey (USGS) Earth Explorer. Each Sentinel
2A satellite imagery band was geo-referenced to the WGS 84 datum and Universal Transverse
Mercator Zone 45 North coordinate system. The Sentinel 2A satellite image stacking of the
band-2, band-3, band-4 and band-8 of 10 m resolution was performed on the ArcGIS 10.5
software for studying the LULC of the Jharia coafield.

For LULC classification, supervised classification was carried out in the study area. Thus
allocations of each classified area in sg. km and its percentages are tabulated in Table 1.1. The
percentage of areas as classified as; agriculture (74.5%), barren land (7.45%) built-up areas
(5.14%), mining (2.64%), vegetation (9.40%) and water body (0.86%) (Figure 1.2).
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Figure 1.2: Land Use land cover map of Jharia coal field area
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Table 1.1: LULC classification of Dhanbad study area

Sr. No | Name Areain sg. km | Areain %

1. | Agriculture 2106.7 74.51
2. | Barren 210.64 7.45
3. | Builtup 145.31 5.14
4. | Mining 74.67 2.64
5. | Vegetation 265.74 9.40
6. | Water bodies 24.37 0.86

Total 2827.43 100

1.3. Population

The study area covers four district boundaries; namely Dhanbad (1710.2sq km), Bokaro
(620.43sq km), Giridih (29.8sq km) in Jharkhand and Puruliya (465.85sg km) district in West
Bengal state. The Dhanbad district covers the maximum study area and the population is around
23, 94,434 in the year 2001 and is around 26,84,487 in 2011. The Bokaro district total population
isin 2001 is 17, 75,961 and in 2011 it is 20, 62,330. The Giridih district total population is 19,
01,564 in 2001 and is 24,45,474 in 2011. The Puruliya district in West Bengal state total
population isin 2001 is 25, 35,233 and in 2011 are 29, 30,115.

Based on the covered study area the total population in the study area is tabulated in
Table 1.2. The total population in the study area based on Census book 2001 is 25,32,195 and
2011 is 28,62,600.
Table 1.2: Population in the study area as per 2011 census

District | % of Area
i Area Covered : Population . Population
DS Covered | of District | ToP9AO" | 2001in | PORYAOM | p0n1in
by Study | by Study Study Area Study Area
Area Area
Bokaro 620.43 21.50 17,75,961 3,81,791 2,062,330 4,43,353
Dhanbad 1710.2 81.51 23,94,434 19,51,645 2,684,487 21,88,060
Giridih 29.8 0.59 19,01,564 11,275 2,445,474 14,500
Puruliya 465.85 7.40 25,35,233 1,87,484 2,930,115 2,16,686
Total Total
Total 2826.28 Popul ation 25,32,195 Popul ation 28,62,600
2001 2011

1.4. Purpose of Study

Urban air pollution is a notable concern across the world. Inferring to the rapid rates of
industrialization and urbanization in Indian cities, polluted air quality is considered a key factor
in crumbling the quality of life with an adverse effect on the human being. Hence air quality
gained asignificant role in recent decades since it is worsened by emission from major pollutants
including particulate matter (PM1o and PM3s), NO,, SO, and Os; were found to exceed the
national ambient air quality standard (NAAQS) limits.
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Particulate pollution isamajor concern in the field of air pollution. The particulate matter
in the air result from dispersion of dust from industrial (mining and non-mining) and allied
activities, transportation, local vehicular movement and domestic fuel (Coal, wood-burning etc.)
burning. Assessment of the air quality can provide useful insight for the development of the air
guality management plan. The database developed on air quality also helps the regulatory agency

identify the locations where natural resources and human health could be at risk.

Jharia coal mines having low ash content and high calorific value coals are subjected to
intensive mining activities because of the easy availability of coal at shalow depths in thick
seams. Therefore, they are often used directly in iron and steel plants for metal oxide reduction
after washing. Although these coal mines are highly-priced for their high-quality coal, they are
notorious for their mine fires, which cause a lot of fugitive gaseous and PM emissions. Hence,
the Jharia region has been under scrutiny by various public authorities and the common public
with avision to improve the ambient air quality.

Various sources contribute to high particular matter concentration in the Jharia region: vehicles,
mining activities, re-suspended dust, fugitive emissions, fud oails, household LPG. The
percentage contribution of these factors in the ambient depends exclusively on a particular
region’s economic activities. To improve the existing ambient air quality, the major sources of
PM emissions first need to be identified.

Hence, the environmental clearance committee of MoOEFCC has directed BCCL to
conduct a source apportionment study for particulate matter. In this context, BCCL has
approached CSIR-NEERI to conduct a source apportionment study of ambient air particulate
matter in the Jharia coafields region to quantify the various sources of PM emissions and

suggest an effective environmental management plan.

The study's major objective is to assess the current ambient air quality, sources of air
pollution, and propose the priorities for the actions for improvement of air quality. The study
includes the entire Jharia Coalfield and an area up to 10 Km from the periphery/boundary of
BCCL mines.

The detailed objectives are as follows:
i. Ambient Air Monitoring

e Monitoring of ambient air quality at selected receptor locations for pollutants including
PMj0, PM 2 5(limited), SOy, NOk, PAHs to establish the status of the air quality in Jharia
Coalfields and an area up to 10 K.M from the periphery/boundary of BCCL mines. Also,
review of the available air quality monitoring data from Central Pollution Control Board
(CPCB) /Jharkhand State Pollution Control Board (JSPCB).

e To validate dispersion modelling predictions using measured air quality parameters

e To draw supportive data through the specific site-related monitoring regarding impact
causing sources such as kerbside monitoring

e To establish the impact of meteorological conditions on afew select indicator pollutants
in different micrometeorological conditions of the Jharia Coalfields
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e Emission Inventory related to Jharia Coalfields along with area up to 10 Km from the

periphery/boundary of BCCL mines
ii.  Toidentify the pollution load grid wise for point, line and area source

e To establish possibilities of receptor level concentrations of air pollutants by matching
dispersion modelling and air quality monitoring data

e Source apportionment

e Toidentify and apportion the pollution load at receptor level to various sourcesin the
Jharia Coalfields along with an area up to 10 Km from the periphery/boundary of BCCL
mines

e To carry out the source apportionment using molecular markers for alimited number of
sampl es through a time-resolved sample collection at various periods of the day and day-
of-the-week.

e Any other item in consensus between both BCCL/CIL & NEERI evolved during the
study.

1.5. Approach of study

The study approach has many components, each one of them having its importance and
interdependence as shown in Figure 1.3. The ultimate objective is source apportionment of
ambient air of JCF that primarily requires knowledge of ambient air quality status, sources and
emission load. These three objectives were achieved by monitoring air pollutants at 13 locations
in Jharia Coalfield using various instruments and multiple analyses. These locations were
selected based on land use and activity profile. All monitoring was carried out using varied
instruments and all attributes were analysed using standards methodologies. The study’s
methodology of the study was divided into three parts namely ambient air quality monitoring,

sources emission inventory and source apportionment analysis.

Major
Components

Ambient Air Emission Source
Q_ll.‘a]lt}-’ Inventorv Apportionment
Momnitoring — I
| | | 1
1 1 Point Area Line Chemical
Criteria Specific Sources Sources Sources Speciation
Pollutants Pollutants 1 I 1 I
] | Domestic and -1
, ) S Vehicles Receptor
;15 }\,,[ F 1;[(_1)(,},* PAH, EC, OC Industries Ot‘(l]ﬁli\fﬁils::e (2-wheeler, Modelling
E\T(J 502, Anions & " 3-wheeler
- = Cations, etc.)

Heavy metals

Figure 1.3: Air quality Monitoring & emission source apportionment studies
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Chapter 2 Emission Inventory

This section consists of all methodologies that have been applied for the emission
inventory and dispersion modelling in the Jharia Coalfield. The emission inventory is the process
to identify the possible source and its contribution. Emission inventory and dispersion modelling
are based on the primary data collection to calculate emission load from a particular source. It
provides fundamental information for air quality modelling and air pollution control strategy
development. In the coal mining area, mining, non-mining, industrial, vehicular and other
sources are contributing. Air quality monitoring includes the suitable location selected based on
the metrological conditions, chemica characterization for identification of the source, CMB

model to estimate the source apportionment to PMs.

Air pollutant emission inventory is a process to identify the possible sources and their
contribution. It provides fundamental information for air quality modelling and air pollution
control strategy development. Mining, non-mining, industrial, vehicular and other sources are
contributing to critical coal mining zone like JCF, India. According to possible emission sources,
sources are divided into three categories like point sources, area sources and line sources. The

inventory of these sourcesisimportant to make a proper source profile.

2.1. Inventory of Point Sources

A point source of pollution is a single identifiable source that is responsible for
significant pollution load in the study area, like thermal power stations. A comprehensive list of
different point-like industries in the study area was obtained from the regional office of the
Jharkhand State Pollution Control Board (JSPCB), at Dhanbad. The industries specific
information of includes production capacities, raw material used, manufacturing process, fuel
consumption, etc. also collected from the regional office by the CSIR-NEERI team.

2.2. Inventory of Area Sources

Area sources are sources of pollution that emit a substance or radiation from a specified
area. Mining activities, domestic/hotel fuel (coal) burning, garbage burning, etc. are the major
contributor to area sources. In order to assess the fuel consumption in the study area, the
necessary information was collected through surveys at petrol pumps, hotels and restaurants,
bakeries, open eat out and crematoria. Also, surveys collected data on the seasonal implication of
fuel used particularly wood and coal. The data on trash burning and solid waste generated in the
study were collected from Municipa Corporation Dhanbad.

2.3. Inventory of Line Sources

Vehicles contribute a whole range of HCs besides contributing SOk, NOy (as NO,), HC
and lead. Diesel vehicles are the primary source of smoke and NOy in addition to CO and HCs.
However, CO and HCs per litre of fuel consumed by diesel vehiclesin relatively low compared
to gasoline-powered vehicles. In gasoline-powered vehicles, the exhaust is the maor source of
pollution that contributes 100 % CO and NOx and 80% of HCs emitted to the atmosphere. The

remaining 20% of HCs are emitted from crankcase blow-by and evaporative emissions. In the
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two-stroke engine, the crankcase blow-by is absent. The exhaust emissions are the principal
sources of pollutants emitting about 40% of fuel supplied without burning due to short
circulating, contributing high concentration of HCs. In diesel vehicles, practically all pollutants
are emitted through exhaust gases and the contribution to crankcase blow-by and evaporative

fuel emission are negligible.

Though the quantity of pollutants emitted by the vehicles is directly proportional to the
number of vehicles playing on the road, the intensity of pollution potential depends on several
contributory factors such as a geographical location, unplanned development of central business
areas, inadeguate and ill-maintained road as well as the type of vehicle, unplanned traffic
management, meteorological conditions, and non-availability of adequate emission control

technology.

Vehicle activity data were collected during the field campaign at 12 road networks in the
study area, and the daily average vehicular activity is presented in Table 2.1.

Table 2.1: Daily average vehicle activity on different road network considered during the field

survey
L abel Road Network HDV LMV 3w 2W Total
L1 | JhariatoLodna-5km 1254 1385 3640 9560 15839
L2 | Pathardihto Sindri -7 km 1539 5356 4362 15633 = 26890
L3 | Bastacolato Pathardih -13km 2153 8325 3678 10233 = 24389
L4 | Bhuli to Bankmore - 6km 1475 13832 | 12965 | 18241 | 46513
L5 Katrasto Harina-12.5 km 1802 7290 3156 15329 27577
L6 | Bankmoreto Kusunda-5 km 658 2685 1896 10235 | 15474
L7 | Kusundato Katras- 10 km 1306 4521 5327 15689 = 26843
L8 | MonidihtoKusunda-7 Km 1208 7659 3985 14698 = 27550
L9 | Lohpiti to Mahuda Area Colony - 8 km 1535 4523 2235 6356 14649
L10 | Mahudato Parasia Chowk -7 km 1223 4023 1759 5623 12628
L11 | ParasaChowk To Moonidih - 3 km 269 2159 236 2347 5011
L12 | Bhowrato Parbatpur - 13 Km 2135 7856 4258 14578 | 28827

The vehicle utilization factors (km travelled per day per vehicle type) were adapted from
the Auto Fuel Policy Report (Table 2.2). Two-to-four-wheelers Emission factors were taken
from various project reports conducted by CPCB and Indian Clean Air Programmed (ICAP)
(CPCB 2010; ARAI 2007). The percentage distribution of various types of vehicles moving on
the road network considered during the field survey is presented in Fig 2.1. It shows that major
numbers of vehicles moving in the considered Road network are two-wheelers (51%), followed
by light motor vehicles (26%), three-wheeler (17%) and heavy-duty diesel vehicles (6%).

13
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Figure 2.1 Percentage of different types of vehicle surveyed on the road network during the field

survey

Table 2.2: Utilization Factors for different types of vehicle

Vehicle Type km per day
LMV (Car Jeep) 52.6
LMV (Taxi) 77.89
2 Wheeler 251
3 Wheeler (Auto) 97.72
HCV 45.5

2.4. Methodology

The following method is adopted to estimate the emission load due to vehicles

Ei =N, x VKT x E (2.1)

Where, E; isthe emission from a particular type of vehicle

Ny isthe number of vehicles of a particular type

VKT isthe vehicle km travelled

E;, km isthe emission factor for a specific vehicle

Table 2.3: Emission estimate for road transport
Emission (kg/day)
L abel Road Network PM 10 PM s

L1 Jhariato Lodna -5 km 230.12 113.08
L2 Pathardih to Sindri -7 km 379.07 180.37
L3 Bastacolato Pathardih -13km 632.21 451.98
L4 Bhuli to Bankmore - 6km 331.41 187.69
L5 Katrasto Harina-12.5 km 719.42 415.63
L6 Bankmore to Kusunda -5 km 308.69 194.34
L7 Kusundato Katras - 10 km 576.31 277.95
L8 Monidih to Kusunda-7 Km 317.83 114.25
L9 Lohpiti to Mahuda Area Colony - 8 km 360.24 151.99
L10 | Mahudato Parasia Chowk -7 km 241.56 148.24
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L11 | ParasiaChowk To Moonidih - 3 km 94.26 57.23
L12 | Bhowrato Parbatpur - 13 Km 592.82 379.80

Re-suspension of the unpaved and paved roads depends on the ‘silt loading’ factor and
‘vehicles weight’ roaming on the road (Table 2.4). The silt loading (S,) is the mass of the silt-
sized material per unit area of the road surface. The amount of dust produces by vehicles

movement on a paved road can be appraised by the following equation:
E =k. (SL/2)"0.65 . (W/3)*1.5 (2.2)

Where, ‘E’ = emission rate of PMs (Table 2.3);

SL issilt load (g/m2);

W isthe average weight of the vehicle (Tons);

k is constant (the function of particle size) in g VKT (Vehicle Kilometer Travel)

PM10 Emission Load

m Heavy Diesel Vehicle
® Light Motor Vehicle
® Three Wheeler

= Two Wheeler

Figure 2.2 PM 1o emission load for different categories of vehicle

It is observed that 41% of PMjo emission is contributed by the Heavy-duty diesel vehicles
followed by two-wheelers (26%), Light motor vehicles (19%) and three-wheelers (14%) in the
considered road network during the study period.

Table 2.4: Emission rate for the paved and unpaved road

Emission Rate
Emission Sector PM 1o (kg/day) | PM2s (kg/day)
Re-suspension dust from Paved & Unpaved Road 1756 843
2.5. Results

2.5.1. Industrial Emission

Emission inventory estimates are determined based on considering available industrial
activity information, emission factors (Table 2.5) and observations. For the current study,
industrial and mining information was collected for emission inventory development.
Emission inventory information for industries was collected from the regional office of

JSPCB. In Dhanbad, the major industries are the power plant and the coking industry. Other
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than those are coal mines, thus coal as a fuel is majorly used in industries and households.

Emission loads by point source are depicted in Table 2.6 as per emission inventory.

Table 2.5: Emission factor for coa mining activities

EF

TSP

PM1 | PM2s

SO,

NO2

g/Mg Coal

1914

1864 | 1176

420

820

Table 2.6: Emission load from Industrial sector in Dhanbad

Type TSP | PMy, | PM,s | SO, | NO,
Sr. No INameof of Fuel_ Unit (Ton/ | (Ton/ | (Ton/ | (Ton/ | (Ton/
ndustry consumption
Fuel yr) yr) yr) yr) yr)
) MT/Oven/
1 | MisMahdaxmi | 4 cycle 279 | 272 | 1.72 | 061 | 1.20
Industries (24hrs)
p | GEETEEHad | 100 TPD | 69.86 | 68.04 | 42.92 | 15.33 | 29.93
Coke Traders
M/s Shree
3 Gopal Coke | Coal 77.4 TPD | 54.07 | 52.66 | 33.22 | 11.87 | 23.17
Industries
M/s Laxmi
4 Hardcoke | o 102 TPD | 71.26 | 69.40 | 43.78 | 15.64 | 30.53
Manufacturing
Company
M/s - Sanjay
5 Hard Coke | Codl 70 TPD | 48.90 | 47.63 | 30.05 | 10.73 | 20.95
Industries
6 | M/sinderHard | - 36 TPD | 2515 | 24.49 | 1545 | 552 | 10.77
Coke Industries
7 | M/sShiv Shakti | 80 TPD 55.80 | 54.43 | 34.34 | 12.26 | 23.94
Coke Industries
Khetawat Coke (I)\f/ ;—r/]/
8 Manufacturing | Coal 45 Batch 314 | 306 | 193 | 069 | 135
Company (24hrs)
M/s Pawan
9 Hard Coke | Codl 100 TPD | 69.86 | 68.04 | 42.92 | 15.33 | 29.93
Industries
10 M/Z%%Zpa" Coal 135 TPD | 9431 | 91.85 | 57.95 | 20.70 | 40.41
11 | MisAmanSoit | oo 29.76 TPD | 2079 | 2025 | 12.77 | 456 | 891
Coke Industries

2.5.2. Area/Distributed source

An area source emission inventory estimates the pollutant loads emanating from severd

small but numerous individual sources in a specific geographic area and which cannot be

included underline no point sources.

Area sources considered for emission inventory for Dhanbad city are:

Crematoria
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The following sections will detail the methodology adopted for estimating emissions from

each of the above-mentioned sources and the results thusobtained.

» Emission load from mining activities
The emission loads from coal mine activities are depicted in Table 2.7. The emission load is
calculated based on the secondary data collected from the BCCL mines covered in the study. The
data includes coal and overburden quantity handled per day during loading and unloading,
transfer from pit to stockyard through haul road and conveyor, vehicular movement frequency
and diesel consumption for HEMM and DG sets. Emission factors from EEA air pollutant
emission inventory guidebook 2019 were considered for the estimations of TSP and PM |oad.

Table 2.7: Emission load from coa mine activitiesin Jharia coalfield region

Mine Area (m?) | PM 1o (Tonely) | PM.s (Tonely)
ABOCP 2355283 156.1 78.0
ADI Calliery 1444818 47.9 23.9
ASP Calliery 19540 27.7 13.8
Bhowra south 78079 26.9 134
Block 1V Govindpur 432827 22.5 11.2
DBOCP 605747 64.7 324
East Bassuriya Colliery 576494 24.3 12.2
Gopalichuck Colliery 37573 3.7 1.9
Jeenagora OCP 2079123 208.0 104.0
Kuya OCP 1134723 90.1 45.1
NAKC 245205 78.3 39.1
NGK 261847 126.0 63.0
Nichitpur colliery 791140 61.4 30.7
Phularitand colliery 335887 84.1 42.1
Rajapur OCP 1170784 90.4 45.2
Sendra Bansjora 472760 63.0 315
Shatabdi colliery (Muraidhih) | 34270 77.0 38.5
Tetulmari 876320 23.3 11.7

Total 1275.4 637.7

» Cooking operationsin non-slum household

A survey of 20 non-slum household areas was conducted in randomly selected areas of
Dhanbad to understand which fuels are being used in these households and their quantities.
The survey resultsindicated that Liquefied Petroleum Gas (LPG) was the fuel of choicein all
the households and that each household used about 1 cylinder per month on average. It was
assumed that L PG use remains the same for all 365 days of the year. The results obtained are
presented in Table 2.8.
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Table 2.8: Emissions from the use of LPG in non-slum households in Dhanbad

L PG Pollutant PM 10 SO, NO2 CO HC

Emission Factor (g/kg) 21 04 1.8 0.25 0.07

Emission (T/Year) 0.00575 | 0.0011 | 0.0049 | 0.0007 | 0.0002

» Cooking operationsin sum households

A survey of 15 areas having slum households was conducted, spread in Jharia Coalfield
which was known to have significant slum populations, to understand which fuels are being
used in these households and their quantities. It was seen that a majority of the slum
households use coal as a cooking fuel (Table 2.9).

Table 2.9: Emission from coal as fuel

Pollutant SPM | SO, | NOz | CO | HC

Emission Factor (g/kg) | 20 133 | 399 | 2492 | 05

Emission (T/Year) 28.354 | 18.856 | 5.657 | 35.330 | 0.709

> Emissionsfrom crematorium

In order to calculate emission from crematoria data were obtained from crematoriums

in Dhanbad. Emission from the burning of bodies using woods mainly produces PM o, CO
and HC majorly as depicted in Table 2.10.

Table 2.10: Emission from Crematoria using Wood as fuel

Pollutant PM 10 SO, NO, CcO HC

Emission Factor (g/Kg) | 17.3 0.2 13 126.3 | 1145

Emission (kg/day) 7.178 | 0.083 | 0.537 | 52.183 | 47.308

> Emissionsfrom bakeries

Data were collected from 34 bakeries operating in Dhanbad in which 12 bakeries were using
electrical ovens. The emissions from such bakeries were not considered. All the other

bakeries were using coal as fuel. Emissions from such bakeries are given in Table 2.11.

Table 2.11: Emission from Bakeries using Coal as fuel

Pollutant SPM | SO, | NO, | CO | HC

Emission Factor (g/kg) | 20 |13.3]3.99|2492)| 05

Emission (T/Year) 6.26 {416 | 1.25| 7.80 | 0.16

> Emissions from hotels and r estaur ants

Data were collected from 35 hotels in Dhanbad city. It has been found that most
hotel S/restaurants were using a combination of coal and LPG as cooking fuel. Emission

18



Final Report

from coal and LPG were calculated and depicted in Table 2.12 and 2.13.

Table 2.12: Emission from Hotel & Restaurants using Coal

Pollutant SPM | SO, | NO; CO HC

Emission Factor (g/kg) 20 133 | 399 | 2492 0.5

Emission (T/Year) 8.110 | 5.393 | 1.618 | 10.105 | 0.203

Table 2.13: Emission from Hotel & Restaurants using LPG

Pollutant PM 10 SO, NO, CcO HC
Emission Factor (g/kg) 21 04 0.8 0.25 0.07
Emission (T/Year) 0.136 | 0.026 | 0.117 | 0.016 | 0.005

» Emission from open eat-outs
From the survey it has been observed that most of the open eat-outs were using coa as

cooking fuel, only afew were using LPG (Table 2.14).

Table 2.14: Emission loads from open eat-outs

Pollutant SPM | SO, | NO2 | CO | HC

Emission Factor (g/kg) | 20 | 133|399 |2492| 05

Emission (T/Year) 14.07 | 9.36 | 281 | 17.54 | 0.35

2.5.3. Grid wise emission inventory

The grid-wise particulate emission inventory maps were prepared from the primary and
secondary data collected during the field surveys and the information received from the open cast
mines, respectively. The PM emissions from restaurants, eat-outs, domestic chullahs, vehicles,
crematoria, etc. were estimated based on the primary data obtained from the filed campaigns,
whereas, the emissions from the mine operations were estimated based on the data received from
the mines and the emission factors reported in the literature. Once the emissions rates were
estimated, the cumulative emissions (including all types of sources like line, point, and area)
were calculated falling under the grid defined (shown in Figure 2.3 and Figure 2.4). From the
figures, it can be interpreted that the PM emissions are high on the northeast side of the study
area. Whereas, the actual transport and dispersion of these emissions can be interpreted through

the dispersion modelling carried out using the AERMOD mode!.
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Figure 2.4 Grid-wise emission inventory of PM2.5 in tons/year over the study area

The respective share of various emission sources is represented through pie diagrams shown in
Figure 2.5. Data shows that PMo emissions are contributed mostly from vehicular emissions
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followed by emissions from the mines whereas, PM, 5 emissions are contributed mostly from
vehicular emissions, domestic burning and mine activities. The grid-wise emission inventory
maps and the information on the pollution sources provide the basis for the policymakers to
target the hotspots of pollution generation in order to take effective mitigation actions.

PM,,

[CATEGORY NAME]

[CATEGORY NAME]
k —{ Domestic
15%

> Domestic
20%

Resuspension | 4
12%

(b)

Figure 2.5 (a) and (b) represents emission load from various sectors over JCF region for PM 19

and PM 5 respectively
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Chapter 3 Air Quality Monitoring and Receptor modelling

BCCL environmental department provided the map of the Jharia region. The site visit
was carried out with assistance from BCCL’s team. The 15 Jharia mines coa fields were
segregated into three parts. The details of the visit and mine cluster names are given in Table
3.3.1. The Entire Jharia Coa Field (JCF) is divided into 16 clusters. Both open cast and
underground mines are operationa in JCF. Standard mining operations like drilling, blasting,
hauling, accumulation, and transfer are the major sources of emissions and air pollution. Apart
from that, a typical emission source, mine fire, is prevailing at JCF. Besides, JCF encompasses
large non-mining regions with their emission sources like vehicular emission in congested
traffics, road dust, Power Plant emission, other industrial emissions (coke oven plants, brick

kilns, stone crushers, etc.), crematoria, domestic burning, open burning, etc.

Table 3.3.1: The details of mine cluster in Jharia Coalfield

Day 1. Cluster I, 11, 111, 1V,
X1, X1, XV and XIV

Day 2: Cluster V, VI, VII,
and VIII

Day 3: Cluster IX, X and XI
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Based on preliminary field visit by NEERI Scientists along with BCCL staffs, the
following locations (Figure 3.1) were selected for the establishment of Air Quality Monitoring
Stations for source apportionment study;

e CoreZone

1. Cluster X1V Lohapatty— nearby sources. Chandrapura Thermal Power Plant
2. Cluster V11 Mine rescue station- nearby sources. Coa Mine, Industry

3. Cluster V- Katras

4. Cluster IX Lodhna

5. Cluster X1 Moonidih nearby sources: Coa Mine

6. Cluster X Patherdih: nearby sources: Coal Mine, Steel Industry

7. Cluster V111 Bastacola nearby sources: Coa Mine

e Buffer Zone

8. Bank More

9. Harina

10. Bhuli

11. Sindri

12. Parbatpur Electro steel/ Bhaga
13. Background

: Fﬁar.’-.}:o/mdz FP&;‘F:”“?‘ ,,
| Hanna Kdtdt\_l I Becl 'anJﬂ')

I.’-.ﬂ:"‘C(C‘SC-_.'C
Mumidh ~
Bastacola
- Il_(:r:*‘e;j:.att! Lodhana 3

. Parbatpur
(33 Patherdih ™

I 15:7\’3”

2~ ; .
Sowran

Figure 3.1: Air monitoring sites under 30 km buffer area
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3.1. Sampling Method and Schedule

The PM10 and PM3 5 sampling for Jharia Coalfields was done at al the 13 sampling sites for the
period of 24 h using low volume respirable suspended particulate matter samplers (Instrumax,
ARA and Envirotech) on Quartz and polytetrafluoroethylene (PTFE) filter paper of 47 mm
diameter. Samplers at a flow rate of 16.67 LPM were used. The filter papers were desiccated
before and after sampling for 24h at atemperature of 27 + 3°C and at arelative humidity (RH) of
55 £ 2% to remove the moisture present in them. The PM3y and PM,5 field samples were
collected periodically throughout the sampling period. The sampling frequency and types of
equipment used for monitoring are described in Table 3.3.2 and 3.3.3. The national Ambient
quality and Standards for Coal Mines (Stipulated by Ministry of Environment and Forests are
depicted in Table 3.3.4. and Table 3.3.5.

Table 3.3.2: Frequency of Air pollutants sampling in Jharia Coalfields

Parameter | Number of Days | Change of Filter/ absorbing media | Reporting
PM 1o 24 hourly,
10 Teflon: 5 Days 24 hourly
Quartz: 5 Days
24 hourly
PM5 s 10 Teflon: 5 Days 24 hourly
Quartz: 5 Days
NO, 10 8 hourly 8 hourly
SO, 10 8 hourly 8 hourly

Table 3.3.3: Ambient Air Quality Sampling/Analysis Methodology for Target Pollutants

Parameters
Particulars
PM 10 PM 25 NOz SOZ
. INSTUMEX INSTUMEX
Sampling
Instrument and ARA-N- and ARA-N- APM sampler APM sampler
FRM Sampler FRM Sampler
Sampling Cyclonic Flow | Cyclonic Flow | Chemical absorption | Chemical absorption
Principle Technique Technique in suitable media in suitable media
Flow rate 16.7 LPM 16.7 LPM 0.5LPM 0.5LPM
IEer?cFJ)climg 24 hourly 24 hourly 8 hourly 8 hourly
7 days 7 days

Sampli continuous, continuous,

pling Teflon and Teflon and 7 days continuous 7 days continuous
Frequency

quartz on quartz on
aternate days aternate days
Analytical Electronic Electronic
I nstr)l:ment Micro Balance | Micro Balance Spectrophotometer | - Spectrophotometer
. - Colorimetric
Qr:lhyg[(;cal Gravimetric Gravimetric ﬂgg;}ﬂ?;fﬁ?;sg 3 Improved West &
Gaeke Method

Minimum
reportable Spg/m?® Spug/m?® 9ug/m? aug/m?®
value
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Table 3.3.4: National Ambient Air Quality Standards (2009)

Concentration in

Concentration in

Concentration In

Time ambient Air (in ambient Air (in . o 3
> | Pollutant | Weighted | pg/m?) Industrial, ug/ma3) ambient Ar In kgim’)
' Average | Residential Rural Ecologically M easur ement
& Other Areas Sensitive Area
1 [S)lljls:g; Annual* 50 20 Improved West & Geake,
(SO») 24Hours** 80 80 Ultraviolet fluorescence
2
2 Nitrogen Annual* 40 30 Modified Jacob &
Dioxide Hochheiser (Na-Arsenite)
(NOy) 24Hours™* 80 80 Chemiluminescence
Pf’{;ttti Cu'f;e Annual* 60 60
3 Irgss'?r:a(n z€ Gravimetric, TOEM,
10pm) or 24Hours** 100 100 Beta attenuation
Partlculgtie Annual* 40 40
4 Irgtfkr]a(n € Gravimetric, TOEM,
25um) or 24Hours** 60 60 Beta attenuation
PM2s
5 8 Hours* 100 100 UV photometric,
Ozone (Os) Chemiluminescence
1 Hour 180 180 chemical method
Annual* 0.5 05 ASS/ ISP method after
6 sampling on EPM 2000
Lead (Pb) or equivalent filter paper
24Hours** 1 1 ED-XRF using Teflon
filter
- R:/Iaorr?g)Ti de Annual* 0.2 0.2 Non-dispersive Infra-Red
(CO) 24Hours** 0.4 0.4 (NDIR) Spectroscopy
Ammonia Annual* 100 100 Chemiluminescence,
8 NH Indo-phenol’s blue
(NHs) 24Hours** 400 400 method
Gas Chromatography
Benzene based continuous
9 (CeHo) Annual* 0.5 0.5 analyzer. Adsorption and
66 description followed by
GC analysis
Benzo (a)
Pyene Solvent extraction
10 | (BaP)- Annual* 0.1 0.1 followed by HPLC / GC
particulate analysis
phase only
11 | Arsenic (As) | Annual* 0.6 0.6 AASY ICP method after
sampling on EPM 2000
12 | Nickd (NI) Annual* 20 20 or equiva|ent filter paper
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(MOEF), Vide Notification No. GSR 742(E), Dt: 25.09.2000)

Concentration in Ambient Air
Time
Pollutant weighted New Coal Mines Existing Coal Mines
Average (commenced after (commenced prior to
25.09.2000) 25.09.2000)
Suspended Particulates :‘nnual 360pg/m3 430pg/m3
Matter (SPM) verage
24 hours 500pg/m3 600pg/m3
Respirable Particulate Annudl
Matter (sizelessthan 10 Average 180ug/m3 215pg/m3
pum) (RPM) 24 hours 250pg/m3 300pg/m3
Annual
Sulphur Dioxide (SO) Average 80pg/m3 80pg/m3
24 hours 120pg/m3 120pg/m3
Sé)l des of Nitrogen as ﬁvner;l;g]e 80ug/m3 80ug/m3
2 o4 hOLI'S 120ug/m3 120pg/m3

3.2. Chemical Analysis

3.2.1. Gravimetric analysis

The exposed filters were analysed by gravimetric technique using a weighing balance for PM 19
particles and using a microbalance for PM, 5 particles with a precision of 5ug with automatic
(internal) calibration.

3.2.2. Elemental analysis

PM 1o samples collected on glass fibre filters were digested in a microwave digester. The
samples were made up to 50ml using deionized distilled water. Similarly, the exposed filters
containing PM, 5 particles were cut equally into 2 halves. A part of the exposed filter was used
for ions analysis. Whereas, the other half was cut into tiny fragments and digested and made up
to 15mL using distilled deionized water. The obtained samples (both PM1o and PM;5) after
digestion were stored in vials and refrigerated at 4°C until further analysis. These samples were
later subjected to estimate the elemental composition using ICP-OES (Thermo Scientific, USA).

3.2.3. Analysisof SO, and NO»

SO, andysis. Modified West and Gaeke method was followed for sampling and analysis
of Sulfur dioxide in ambient air. SO, from the air is absorbed in a solution of potassium
tetracholo-mercute (TCM). A dichlorosul phitomercurate complex, which resists oxidation by the
oxygen in the air was formed. Once formed, that complex was stable to strong oxidants such as
ozone and oxides of nitrogen and therefore, the absorber solution may be stored for some time
prior to analysis. The complex was made to react with pararosaniline and formaldehyde to form
the intensely colored pararosanline methylsulphonic acid. The absorbance of the solution was

measured by means of a suitable spectrophotometer.
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NO, analysis. Modified Jacobs and Hochheiser method was followed for sampling and
analysis of NO, in ambient air. Ambient NO, was collected by bubbling air through a solution of
sodium hydroxide and sodium arsenite. The concentration of nitrite ion produced during
sampling was determined calorimetricaly by the nitrite ion reaction with phosphoric acid,
sulphanilamide, and N-(1-napthyl)-ethlylenediamine di-hydrochloride (NEDA) and the

absorbance of the highly colored azo dye was measured at 540nm.

3.2.4. lon analysis

The filter papers containing both PM 1o and PM,5 samples were extracted and subjected
toion analysis as per standards. The filter papers were divided into tiny fragments and moistened
with isopropanol slightly before extraction since the filters are hydrophobic. Further 25 mL of
deionized distilled water was added and sonicated using an ultrasonic bath for 60 min at 60°C.
The samples were then kept overnight after sonication. Furthermore, the samples were then
filtered using nylon filter discs (25mm, 0.45mm) and were refrigerated at 4°C until further
analysis. The extracted samples were subjected to IC to analyse the ions (anions and cations)
present in them.

3.2.5. Palycyclic Aromatic Hydrocar bons (PAH) analysis

Filter papers were cut into pieces using scissors and transferred to a 100 ml beaker and 50
ml of Dichloromethane (DCM) (GC/HPLC grade) was added. The samples were extracted with
DCM using an ultrasonic bath for about 30 minutes. The extracted samples were filtered with
Whatman filter paper containing 2gm Anhydrous Sodium Sulphate. After filtration, the filtrate is
concentrated using a rotary vacuum evaporator to 2ml final volume. Solid-phase extraction may
be used to clean up the impurities of the sample and re-concentrated in a rotary evaporator. The

samples were analyzed through GC with conditions as injector 300C and FID temperature 320C.

3.2.6. EC & OC analysis

This is a thermal/optical-transmittance (TOT) method that speciates carbon in particul ate
matter collected on a quartz-fiber filter into OC, EC, and CC. In the first (or non-oxidizing)
heating stage, organic and carbonate carbon is thermally desorbed from the filter under a flow of
helium with controlled temperature ramps. The oven is then partially cooled, and the origina
flow of helium is switched to an oxidizing carrier gas (He/O). In the second (or oxidizing)
heating stage, the original elemental carbon component plus pyrolyzed organic carbon formed
during the first heating stage are oxidized/desorbed from the filter with another series of
controlled temperature ramps. All carbon evolved from the sample is converted to CO, in an
oxidizing oven immediately downstream from the desorption oven, and the CO; is converted to
methane (CH,4) by a methanator oven before being measured with a flame ionization detector
(FID). (https.//www3.epa.gov/tthamti 1/files/ambient/pm25/spec/RTIOCECSOP. pdf)
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3.3. Reaults

3.3.1. Mass concentration of PM 1o and PM ;5

In summer monitoring, the mean mass concentrations of PM o particles in al 13 sampling sites
were found to be in the range of 74-184ug/m?® with the highest concentration of 184ug/m?® at
mine rescue site and lowest concentration of 74pg/m® at Bastacola site. Also, the mean mass
concentration of PM,s particles was found in the range of 49-117ug/m® with the highest
concentration of 117ug/m® and the lowest concentration of 49ug/m® recorded at Harina and
Lohapatti site respectively.

The average concentrations of PM 1o and PM5 in two seasons are described in Table 3.6
and 3.7. Results revealed that the average concentrations of PM 1o are within the prescribed limits
of MoEF notification guidelines for coa mine areas. In the case of PM3s, there is no Govt.
notified standard for mining areas but in the case of buffer zones, National Ambient Air Quality
Standard, NAAQS, 2009 may be applicable. The highest PM 1o and PM, 5 concentrations were

found in Mine rescue and Harina (Figure 3.2 and 3.3).

Table 3.6: Average concentration of PM o and PM 5 in Summer of Jharia Coafield

Aver age Concentration (pug/m®)-Summer
Monitoring Sites
Site Description PM 1 (ug/m?) PM 5 (ug/m®)
) Core Zone 133.7 49.42
L ohapatti
(83-203) (44-83)
_ Core Zone 184.8 83.43
Mines Rescue
(124-255) (55-205)
Core Zone 1414 80.01
Katras
(100-216) (42-150)
Core Zone 156.8 63.98
Lodhna
(100-303) (32-99)
o Core Zone 1184 62.84
Moonidih
(80-153) (34-94)
_ Core Zone 94.7 67.22
Patherdih
(50-119) (37-91)
Core Zone 74.21 62.85
Bastacola
(52 -209) (36-96)
Buffer Zone 157.35 74.37
BCCL colony
(113-222) (47-103)
i Buffer Zone 177.7 117.3
Harina
(73-265) (42-175)
_ Buffer Zone 141.7 105.89
Bhuli
(85-243) (44-161)
o Buffer Zone 122.2 76.05
Sindri
(82-139) (18-127)
Buffer Zone 122.4 110.98
Parabatpur
(86-171) (70-150)
Buffer Zone 144.4 57.13
Background
(24-255) (23-97)
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Figure 3.2: Average concentration of PM o and PM» 5 in JCF region in summer compared to
NAAQS (2009)

Table 3.7: Average concentration of PM 1o and PM3 5 in winter of Jharia Coalfield.

o ] ) o Aver age Concentration (ug/m3)—Wi nter
Monitoring Sites | Site Description
PM 10 (p.g/ms) PM 25 (P—g/ms)
) Core Zone 174.28 139.59
L ohapatti
(122-241) (114-236)
) Core Zone 303.49 176.97
Mines Rescue
(175-350) (114-233)
Core Zone 230.06 50.87
Katras
(134-332) (24-78)
Core Zone 322.8 112.17
Lodhna
(243-412) (98-209)
o Core Zone 300.16 188.27
Moonidih
(128-728) (64-600)
i Core Zone 222.71 113.23
Patherdih
(182-246) (111-167)
Core Zone 332.05 176.48
Bastacola
(251-663) (54-425)
Buffer Zone 219.98 128.79
BCCL colony
(155-300) (94-175)
i Buffer Zone 130.73 42.93
Harina
(65-215) (44-98)
Bhul Buffer Zone 174.75 151.66
uli
(150-200) (89-180)
o Buffer Zone 171.82 167.07
Sindri
(81-210) (142-184)
Buffer Zone 228.76 148.16
Parabatpur
(75-660) (101-192)
Buffer Zone 233 121.18
Background
(195-254) (63-170)
107.13 98.42
Katras|l
Core Zone (128-181) (94-104)
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Whereas in winter monitoring, the highest PMo mass concentration was found to be
332ug/m?® at Bastacola site (exceeding the prescribed limit of GSR 742(E)) along with other core
mining zones like Mines Rescue, Moonidih. The lowest average concentration of PMjp was
found in Katras Il (Table 3.7).

350 -+
W PM10 Winter

300 -
W PM2.5 Winter
250 -
200
- . .

PM (pg/m3)

Monitoring Site

Figure 3.3: Average concentration of PM 19 and PM> 5 in JCF region during Winter compared to
NAAQS (2009)

3.3.2. Elemental concentration of PM 10 and PM 5 in summer

The digested samples of PM 1o and PM3s particles from all the 13 sampling sites were subjected
to estimate the elemental composition using ICP-OES. The analysis of PMq particles yields 11
different elements such as Al, As, Cd, Co, Cu, M, Ni, Pb, Zn, Fe and Cr. Similarly, the samples
containing PM 5 particles revealed the same elements as PMjo. It was observed that Al and Fe
were found to be higher for both PM 1o and PM 5 particles. Al is the most abundant element. The
concentration of Al was detected in the range of 6.32-14.62ug/m>. Maximum Al concentrations
were found at BCCL colony, Parbatpur, Harina and Background. The concentrations of Fe and
Cr were estimated as 0.78-7.74ug/m3 and 0.075-1.32ug/m3 respectively. The highest
concentrations of both Fe (7.74ug/m3) & Cr (1.32ug/m3) were found at the Bastacola site Figure
3.4. Similarly, in the case of PM2.5 particles the concentrations of Al (4.87-14.47ug/m3), Fe
(0.44-11.77pug/m3) and Cr (0.066-2.17ug/m3) were found higher than other elements. For PM2.5
particles, maximum concentrations of Fe (11.77ug/m3) and Cr (2.17ug/m3) were obtained at the
Mine Rescue site and Al (14.47ug/m3) at Katras. Since, the elements such as Al, Fe and Cr
possess higher concentrations in the PM 10 elemental composition, Al would have been emitted
from road dust, whereas Fe would have been emitted from the re-suspension of dust containing
deposits from the emissions of vehicular and other anthropogenic activities Figure 3.5.
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Figure 3.5: Metal concentration of PM s in the summer season

3.3.3. Elemental Concentration of PM 10 and PM>5in Winter

The elemental analysis was performed using inductively coupled plasma optical
emission spectroscopy (ICP-OES). For the air quality assessment, the concentrations of 11
eementsi.e. Al, As, Cd, Cr, Cu, Fe, K, Mn, Ni, Pb, and Zn in PM, and PM, 5 samples, were
measured. Among all the elements, Al, Fe, and K concentrations were found considerably higher
for PM1o samples in the winter season. Al was observed in the range of 2.02-10.77ug/m3
followed by Fe (0.79-9.26pg/m3) and K (0.90-4.19ug/m3). Maximum Al concentration
(10.77pg/m>) was observed at the BCCL colony, followed by Lodhna (10.29ug/m®). The Highest
Fe concentration (9.26pg/m®) was observed at Bastacolawhile K (4.19pg/m®) at the Lodhna site.
This may be due to vehicular emissions, paved roads, construction dust, coal combustion, soil
dust, etc. The concentration of As, Ni, Pb was found within the limits of CPCB standards. The
remaining elementsi.e. Cd, Cr, Cu, Mn, and Zn were found very low (Figure 3.6).

Similarly, in the case of PM,5 samples concentrations of Al, Fe and K were detected
higher than other elements. The concentration of Al, Fe, and K was obtained as 0.11-2.91pg/m?,
0.05-1.93pg/m?® and 0.08-2.12pg/m>. For PM, 5 particles, maximum Al and K were found at the
Munidih site, which were 2.91pg/m* and 2.12pg/m?* respectively. The highest concentration of
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Fei.e. 1.93ug/m* was detected at Lodhna site. The concentrations of all other analysed elements
were low (Figure 3.7).

From the elemental analysis of the summer and winter seasons, it was observed that the
average Al concentration obtained was more in the summer season than in the winter season. In

contrast, the average concentration of Cr was more in the winter season.
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Figure 3.6: Metal concentration of PM 1o in winter season
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Figure 3.7: Metal concentration of PM 2.5 in winter season
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3.3.4. SO, and NO, concentration in ambient air in the Summer season

The mean average SO, concentration in the summer season among all the monitoring
stations ranged between 11ug/m?® (Harina & Bastacola) and 24.5ug/m® (Moonidih), being well
below the threshold limits of 80pg/m® (residential or industrial). The 8-hour average NO,
concentrations were between 10.3pg/m? (Background) and 40.9ug/m?® (Lodhana), well within the
standard limits of 80ug/m?® (residential or industrial) Figure 3.8. The SO, in the residential areas
may be received from the open burning of raw coa and other domestic and commercial

activities.

Avg. NO, (ng/m’)

Locations

80 4 —i————i—a—a—a—a—a—a—a

Locations

Figure 3.8: NO, and SO, Concentration of all monitoring sites in summer season
3.3.5. SO, and NO, concentration in ambient air in Winter season

The mean concentration of NO, and SO, in the winter season was found below the
threshold limit i.e. 80pg/m®. The concentration of SO, was below 10pg/m® in Katra, BCCL
colony, Mine Rescue, Bastacola, Lodhana and Munidih. Bastacola and Bhuli site has a NO,
concentration above 10pg/m? (Figure 3.9). It has been observed that the concentration of NO,
and SO, in the winter and summer seasons were below the standard limit. But the average
concentration of NO, and SO, in the summer season was higher than in the winter season.
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Figure 3.9: NO, and SO, Concentration of all monitoring sitesin Winter season

3.3.6. Carbonaceous Aerosol/EC & OC in Summer

Data were obtained for four OC fractions (OC1, OC2, OC3 and OC4 in He atmosphere at
140, 280, 480 and 580°C, respectively) and three EC fractions (EC1, EC2, and EC3 in a 2%
02/98% He atmosphere at 580, 740 and 840°C, respectively). The IMPROV protocol defines
OC as OC1 + OC2 + OC3 + OC4 and EC as EC1 + EC2 + EC3. The mass concentration of
organic matter (OM) in the atmosphere was estimated by multiplying OC by 1.6 (conversion
factor for urban aerosol). The total carbonaceous aerosol (TCA) was calculated as the sum of
OM and EC. The highest concentration of OC and EC in PM25 was found in the BCCL colony
site i.e. 37.85 and 42.33ug/m?, respectively, and the lowest OC concentration was 15.36pg/m?
and EC was 13.08ug/m? in Sindri site. In comparison, the concentration of OC (67.35ug/m3) and
EC (81.67ug/m®) in PM1o were higher in the BCCL colony among al the sites. The lowest OC
concentration as 17.95ug/m* was in Bastacola and EC in Parbatpur i.e. 15.44ug/m®  (Figure
3.10).

3.3.7. Carbonaceous Aerosol/EC & OC in winter

The mass concentration of EC and OC in PM o and PM, s are more significant than 100ug/m?®and
70pg/m?, respectively in Bastacola, Katras, Mine Rescue, Background, and Sindri. The highest
concentration of EC in PMo and PM 5 was observed in the Sindri site, whereas OC was found
higher in Sindri and Bastacola. OC contributing to PMo mass concentration was lowest in
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Harina followed by Lohapatti and Patherdih. In the case of PM, s Parbatpur was found to have
the lowest concentration among other sites.

The higher mean concentration of EC and OC in winter were likely related to the influence of
emissions from residential heating (in addition to traffic source) and, on the other hand, to the
unfavourable meteorological conditions leading to more excellent dispersion of pollutants in the
atmosphere during this season. Elemental carbon is emitted directly into the atmosphere during
incomplete combustion emissions, such as motor vehicle exhaust, fuel burning, and biomass
burning (Figure 3.11).
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Figure 3.10: EC & OC concentration in PM o and PM» 5 in Summer season
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Figure 3.11: EC & OC concentration in PM 19 and PM 5 in Winter Season

3.3.8. lonic composition of PM 1o and PM 25 in Summer season

The anions (SO4%, NOs and CI) and cations (NH,4", Na", Ca**, K*) are the water-soluble
inorganic ions found in abundance. In summer, the mass concentration of S0,% in PMyo was in
the range of 1.06-20.17pg/m*® where a higher concentration was observed in Harina, BCCL
colony, and Lodhana sites. Likewise, NOs was in the range of 0.32-19.2ug/m? with the highest
in the Harina site. PO, and CI” concentration was highest in Harina and < 2pg/m? in other
locations. NH,4" was in the range of 0.75-16.24ug/m?®, Harina with the highest concentration, and
Bastacola with the lowest concentration. Na“ concentration (0.18-8.6ug/m®) was highest in
Harina followed by BCCL colony and less than 2ug/m? in remaining sites. Ca®* concentration
(1.5-11.77ug/m®) was highest in Lohapatti and BCCL colony while lowest in Katras. K* ion was
also observed in the Harina site with a concentration of 5.85ug/m?® (Figure 3.12).

The mass concentration of SO,% in PM. 5 was highest in Patherdih with a concentration
of 15.13ug/m? and lowest in Bhuli. In Bastacola site, the concentration of NO3™ (2.85pg/m?), CI°
(2.04pg/m3), K* (1.84pg/m°) were the highest among the other sites. Ca®* (6.17pg/m®) and Mg?*
(0.57ug/m?) concentration was highest in Lohaptti site (Figure 3.13).

3.3.9. lonic composition of PM 10 and PM 25 in Winter season

PM o ions concentration in Bastacola and Background were highest among all the monitoring
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sites which followed the increasing order of Na“ < Mg** < F < K* < Ca®" < CI" < NH," < SO,
< NOj3. It has been observed that SO,%, NOs” and NH," ions were present in abundant in PMq
mass concentration, and concentration of NO3™ in these sites contributes majorly to PMo. lons
concentration in Katras, Lohapatti, and Bhuli sites were observed having lower ionic
concentration Figure 3.14.

The ionic composition of PM.s comprises mainly of SO,%, NOg, ClI", NH,", Ca," and K* ions.
Locations such as Bastacola and Parbatpur have higher concentration of ions compared to
remaining sites in following order: Mg*" <Na" < Ca&?* < K* < Cl'< NH," < SO4% < NOj3. The
same trend has been observed i.e. SO,%, NOs and NH," ions contribute mai nly in PM,s mass

concentration. The average concentration of SO, and NOs in winter was higher than in
summer.
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Figure 3.12: Anion and Cation concentration in PM 1 in summer
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Chapter 4 Receptor modelling

4.1. Source Apportionment

The source apportionment study was carried out to identify the potential sources
contributing to the particulate matter of aerodynamic size less than 10 pm in the Jharia coafield
(JCF) using a receptor modelling approach. In receptor modelling, the particulate matter (PM 10)
characterization in terms of metal, ions, elementary and organic carbon profiles is statistically
matched with that of various source profiles in the study area. For the source apportionment
study of JCF, the areais divided into various zones (buffer, core and background zone). And the
ambient PM o characterization obtained from the multiple monitoring locations in the study area
is conflated and compared with source profiles viz. industrial (mining and non-mining) and
alied industrial activities, transportation, local vehicular movement and domestic fuel (coal
wood burning, etc.). The chemical mass balance (CMB) model EPA-CMB v8.2 is one of the
several receptor models and is most trusted for coarse and fine particulate matter source
apportionment. The CMB model estimates source contributions by determining the best linear
combination of emission source profiles and the chemical composition of ambient particulate,
aerosol, and volatile organic compound samples. The study is studying the apportionment of
particulate matter is considered owing to the nature of high particulate matter pollution in the
study area. The source apportionment study is useful for devising an effective action plan for
abatement of emission load in the region; thereby the region’s overall air quality can be

improved.

Jhariais one of the eight blocks in Dhanbad and is the main source of metallurgical coa
in India, and is termed as the powerhouse of the country owing to its best quality coking coal,
which is required by the steel and other industries in India. Dhanbad lies between 23°37°3” N
and 24°4° N latitude and between 86°6°30” E and 86°50’ E longitude with an average elevation
of 222 m. Its geographical length, extending from North to South, is 43 miles and width 47
miles, stretching across East to West. It shares its boundaries with West—Bengal in the Eastern
and Southern parts, Dumka and Giridih in the North, Bokaro in the west. It is the administrative
headquarter of the district and Dhanbad Municipal Corporation (DMC).

The air quality statusis determined by dividing the study area into background, core, and
buffer zones. Thirteen sites were selected to represent various regions, including two references

or background sites. The sampling locations are shown in Figure 3.1.

4.1.1. Chemical Mass Balance (CMB)

A mass balance equation can be written to account for all the chemical species in the

samples as contributions from independent sources:
C, = Ei m; X;;a;;

171

4.1

Ci is the concentration of speciesi measured at a receptor site (derived from the chemical
analysis), Xjj isthe i™ elemental concentration measured in the j™ sample, and m; is the airborne

mass concentration of material from the j™ source contributing to the j™ sample. The term aj is
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included as an adjustment for any gain or loss of speciesi between the source and receptor. The

term is assumed to be unity for most of the chemical species.

The CMB 8.2 software (USEPA 1997) is used in this study. It is windows-based software
that requires input data on ambient (at receptor locations) and source profiles of PM
characterization. The model runs multiple iterations to provide optimum goodness of fit among
the sources and receptors and verifies the model with various checks viz. Chi-sguare statistic, t-
tests, mass percentage, and correlation coefficient. The following assumptions should be

understood before proceeding with the CMB analysis.

The CMB model assumptions are:

e The concentration of emissions sources is constant throughout ambient and source
sampling;

e Chemical speciesdo not react with each other (i.e., they add linearly);

e All sources with potential for contributing to the receptor have been identified and have
had their emissions characterized;

e The number of sources or source categoriesisless than or equal to the number of species;

e The source profiles are linearly independent of each other; and

e Measurement uncertainties are random, uncorrelated, and normally distributed.

The following steps are followed for running the CMB model:

e Identification of the contributing emission source types based on primary survey and
emission inventory data collected around the monitoring sites.

e The selection of chemical speciesto be included in the CMB modelling calculation is
based on the Central pollution control board (CPCB) guidelines.

e The source profiles with the fraction of each chemical species and uncertainty are
withdrawn from the SPECIATE 5.1 database. SPECIATE 5.1 iSsUS-EPA’s repository of
organic gas and particulate matter (PM) speciation profile of air pollution sources.

e Estimate ambient concentration (ambient data) is based on chemical anaysis of the PM
samples collected at the respective site during monitoring. The uncertainty of the
chemical speciesis mainly based on the instrument uncertainty.

e The CMB 8.2 model run provides the solution of the chemical mass balance equation.

For source apportionment of PMyy, CMB 8.2 software (USEPA 1997) provides many
goodness’s of fit tests to verify the accuracy of the model. The normal checks, as specified in the
manua by USEPA (1997) to accept the model are; t-statisticsi.e., source contribution divided by
the error of source contribution should be greater than 2, ¥ (chi-square) is the weighted sum of
squares of the differences between calculated and measured fitting species concentrations
divided by the effective variance and the degrees of freedom, it should be less than 4. The
weighting is inversely proportional to the squares of the precision in the source profiles and
ambient data for each species. Ideally, x> would be zero, there would be no difference between
calculated and measured species concentrations. The ¥ less than one indicate a very good fit for

the data. Values greater than 4 indicate that one or more of the fitting species concentrations are
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not well-explained by the source contribution estimates (SCE). The source contribution estimate
approximates the total mass concentration which is a convenient check on the %mass explained
value. When the SCE is less than its standard error, the source contribution is undetectable. Two
or three times the standard error may be taken as the upper limit of the SCE in this case.
Assuming that the errors are normally distributed, there is about a 66% probability that the true
source contribution is within one standard error and about a 95% probability that the true

concentration is within two standard errors of the SCE.

R? is determined by the linear regression of the measured versus model -calculated values for the
fitting species. R? ranges from 0 to 1. The closer the value isto 1.0, the better the SCEs explain
the measured concentrations. When R? is less than 0.8, the SCEs does not explain the
observations very well with the given source profiles. The percentage mass explained should be
between 80% and 120%, the ratio of the computed and the measured concentration of each
element (C/M ratio) should be close to 1 and R/U ratio, i.e., the ratio of residuals to uncertainty
should be less than 2. As the model requires the source contribution estimates and receptor
concentrations in ambient air, the significant sources in the area need to be identified first. The
investigation of sources of PMyo to be accounted for in the CMB model is carried out using

emission inventory studies.

4.1.2. Source profiling

The Chemical profile needs to be developed for the air-polluting source as input to the
receptor-oriented source apportionment models like CMB8.2 (chemical mass balance). The U.S
Environmental Protection Agency’s (EPA) SPECIATE database and several studies carried out
in other parts of the world provide an extensive collection of source profiles. The source profiles
required in this study are extracted from SPECIATEDS.1 the database.

The source of the particulate matter in JCF accompanies various coa handling activities
such as opencast coal mining and its associated activities, thermal power stations, automobiles,
generator sets fuel burning, construction activities, domestic coal, cooking gas burning, etc. and
even the background contribution of natural dust (crustal origin) cannot be ruled out,
particularly, in the zones having loose topsoil (Roy and Singh 2014). So, the sources profiles
considered here are coal dust, coal combustion, road dust, heavy vehicle diesdl, light vehicle

gasoline, etc.

4.1.3. Ambient profiling
As discussed in Chapter 3, the samples collected from the sampling location undergo
chemical characterization. The species obtained from the chemical analysis used in ambient

profile structuring and the uncertainty is based on the instrument.
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The overall methodology used in the source apportionment study is depicted by the flow diagram

asfollows:
Emission factor from " Emission Inventory and
CPCB and for ARAI Database | source location (Site Selection )
h 4
Meterological conditions M Air dispertion
(Up wind and down wind, Modeling >
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¥ »
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\ ’I
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Source Apportionment Interpretation of Cost Effective
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using US EPA CMB8.2 (Dispersion/ management
Receptor Models) stratagies

Figure 4.1: General methodology followed in the source apportionment studies

4.2. Results of the Chemical Mass Balance

CMB8.2 is performed for all the air quality monitoring locations. The significant sources
in the area are identified first based on the field surveys. The general category of sources
included in the model for al the sites are composites of al the vehicular sources, domestic
combustion, road dust, agricultural waste burning, Industries, etc (Summary of relevant air
quality studies from major Indian cities is given in Table 4.1). However, the choice of sources
varies concerning the activities prevailing in the area and CMB model performance. A similar
approach also applies to the selection of species. Efforts were made to include as many speciesin
the model as possible. The choice was, however, restricted based on model performance. The
source contributions are shown in the following Figures 4.3. The CMB model performance with

respect to various sources is shown in Annexure 1.

4.2.1. Domestic combustion

In the summer season, the foremost emission source was domestic combustion for PMo and
PM, 5. The domestic combustion percentage was observed at 22% and 25% for PM 19 and PM5
in the summer season. In the winter season, domestic combustion contribution was the second

most percentage contributor for PM 1o and PM,s. The PM o percentage was 23% while the PM 5
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percentage contribution was 28% in this season. The higher concentration of Cl°, F, Cr, and Br.
Cl" and F are the markers of coal-burning and wood-burning (Jain et a., 2020). High Br along
with CI” suggests the contributions from coa combustion.

4.2.2. Industrial Emission

The industrial combustion percentage contribution observed 16% in PMo and 13% in PMy5 in
the summer season. In the winter season, contribution to industries is determined to be 15% in
PM 1o and 24% in PM 5. The abundances of elements like As, Zn, Fe, Cu, Cr, Pb, and S indicate
the industrial source's emissions. Kumar et al. (2001) used Cu, Mn, and Ni as tracers for
industrial emissions in Mumbai; Sharma et al. (2014b) used Cu, Cr, Mn, Ni, Co, and Zn as
industrial emission tracers for metal manufacturing plants in Delhi; Kulshrestha et al. (2009)
used a combination of Ni, Cu, Fe, and Cr as a marker for construction activities in Agra; and
Karet al. (2010) used Zn, Cu, and Ni as tracers of galvanizing, metallurgy, and electroplating
industries while Cr from tannery industry in Kolkata.

4.2.3. Coal Mining

Opencast coa mining activity comprises heavy-duty diesel vehicle usage, blasting, Coal
handling and overburden management. During the summer season, the coal mining activity in
PMyo and PM,s is observed to be 8% and 7% respectively while in the winter season it

contributes somewhat 6% and 5% in PM 19 and PM, 5 respectively.

4.2.4. Transportation

The overal transportation contribution is 25% for PMyo and 32% for PM,s in the summer
season. In the winter season, the transportation emission contribution is examined at 16% for
PMjo and 18% for PM,s. The OC/EC ratio is a convenient diagnostic tool for investigating the
sampling site and its emission sources. In the present study, the OC/EC ratio shows significant
seasonal variations for a coarser fraction of PM than for a finer fraction. It is well established
that OC/EC ratio values between 1.4 and 4 indicate emissions from gasoline catalyst vehicles
and 0.3 to 1 suggest diesel vehicle emissions (Amato et al., 2016; Cesari et al., 2018). Assessing
the ratio of nsssK+/EC is another diagnostic check for estimating the relative loading of
vehicular emissions, where nss-K+ is a non-sea-salt water-soluble potassium ion (calculated as
K+- 0.129Nat) (Andreae and Merlet, 2001).

4.2.5. Secondary Inorganic Aerosol

During summer, the secondary inorganic aerosol contribution to PM o and PM5 is about 8% and
16%, respectively. Secondary inorganic aerosols contribution found in winter is about 14% and
17%, respectively for PM1p and PM,s. The secondary inorganic aerosol source is a high
concentration of nitrate (NOs), sulphate (SO4%), and ammonium ((NH4). These secondary
products are formed in the atmosphere, being emitted either by natural or anthropogenic sources.
The oxidation of NOy forms the secondary nitrate. It is favoured by low temperature (Li et
a.2004), while high temperature and strong solar radiations favour the formation of secondary
sulfates through photochemica reactions (Seinfieldand Pandis, 2016). Secondary inorganic

aerosol formation from precursors (SO, and NO;) enhances the pollution burden over the
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vicinity. Biomass burning, the presence of metal traces (Fe, Al, Mn, Zn, Cr etc.) from vehicular
or industrial emission play a key role to neutralise the oxides of nitrogen and sulphur and thus

rai ses the amount of secondary inorganic aerosols in the atmosphere.

4.2.6. Agriculture

The agriculture contribution observed that 5% for PM 1o and 2% for PM5 in the study period
during the summer season. In the winter season, the contribution is 3% and 2% for PM 1 and
PM,s respectively. Agricultural activities contribute ammonium to the atmosphere (Pant and
Harrison, 2012; Jain et al., 2019). The OC and EC are also significant agricultural activity
sources (Ram and Sarin 2011; Sharmaet a.2016a).

4.2.7. Open burning

The contribution of open burning in the summer season is 5% for both PM 0 and PM5 In winter,
the garbage burning contribution is 6% and 2% for PM1o and PM, 5 respectively during study
time. The abundance of tracers like K*, Pb, Br and consider-able CI” marks this garbage/biomass
burning source. K* and levoglucosan are globally employed as biomass burning markers.
Biomass consists of residential and agricultural wastes, post-harvest residue, cow dung, dry
leaves, fuelwood, and wildfires (Almeida et a., 2006; Khare and Baruah, 2010; Shridhar et al.,
2010). The OC and EC are adso traced insignificant amounts along with K+, indicating the
biomass burning emanations (Cesari et al., 2018; Sharmaet a., 2014; Jain et al., 2018).

4.2.8. Road Resuspension dust

The re-suspension dust is a significant contributor to PM . The contribution of resuspension
dust is during the summer season 12% while in the winter season the emission contribution is
10% for PM1o. In the summer season, resuspension dust's contribution is higher because of the
high wind velocity and dry condition. The lower percentage contribution of road dust to fine
particul ate matter is attributed to substantial road dust particulates in coarse mode, found in other
studies (Gupta et al., 2007; Masri et a., 2015). Crustal elements are significant constituents of
airborne soil and re-suspension road dust. Generally, they contribute to coarse aerosols,
including Al, Si, Ca, Ti, Mg, Fe, and Na used as tracers for soil dust or crustal re-suspension
(Lough et a.2005; Begum et a. 2011). The marker elements that have been used in India for the
identification of soil dust include Al, Si, Ca, Ti, Fe, Pb, Cu, Cr, Ni, Co, and Mn (Sharma et al.,
2017). Cu, Zn, and Ba are associated with road dust/re-suspension dust due to the release of

these marker e ements from cars and non-exhaust sources.

4.2.9. Other emission Contribution
Other area sources contributed in the summer season is 12% for PM o and 7% for PM 5 during

the study period. In the winter season, emission contribution is 14% for PM 1o and 9% for PM 5.
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4.3 Inferences

The receptor modelling (CMB) results (Figure 4.3) revealed that the transport sector and
domestic combustion are the predominant emission sources contributing to the receptor levels.
During the summer season, the contribution of the transport sector was found maximum in both
PM1o (23%) and PM,5 (30%) followed by the contribution of domestic combustion (17% and
23% for PM1p & PMy 5 respectively). While in the winter season, the contribution of domestic
combustion outruns the contribution of the transport sector. During the winter season, domestic
combustion has contributed 22% (PM1o) and 28% (PM,s) whereas the transport sector has
contributed 16% (PM 1) and 21% (PM ) of the total emission.

After transport sector and domestic combustion, Industrial emission (12% of PM 1o emission) and
Road Resuspension (12% of PM 1, emission) followed by Coa mining activity and secondary
inorganic aerosol formation (both 8%) are contributing majorly to PM1y emission at receptor

during the summer season.

In PM 5 source contribution, secondary inorganic aerosol formation contributed majorly (16% &
15% in summer and winter seasons respectively) after domestic combustion and transport sector.
Secondary inorganic aerosol formation from precursors (SO, and NO,) enhances the pollution
burden over the vicinity. Biomass burning, the presence of metal traces (Fe, Al, Mn, Zn, Cr etc.)
from vehicular or industrial emission play a key role to neutralise the oxides of nitrogen and

sulphur and thus rai ses the amount of secondary inorganic aerosols in the atmosphere.

Industrial activity contributed 12% and 11% of tota PMig load in summer and winter
respectively but in the case of finer dust (PM25), it contributed 17% in the winter season at the
receptor level. This may be due to the cam winter conditions that allow finer dust (PM2;s) to
settle near to ground than that of summer conditions that alow more turbulence mixing in the

atmosphere.

Road re-suspension of dust contributes significantly in PMyo load at receptor both in summer
(12%) and in winter (8%). As these are larger and heavier particles, they contribute to PM
fraction and are not found in PM 5 fraction at the receptor.

After the contribution of the industrial sector, coal-mining activity contributed around 8% and
6% of the total PM 1o receptor dust load during summer and winter respectively. In the case of
PM, 5 dust load at the receptor, coal-mining activity contributed 7% and 5% during summer and
winter respectively.

From the results and analysis of receptor modelling, it can be summarised that mitigation and
abatement of the emissions from domestic combustion and transport sector alone may reduce
receptor dust load by 40% (approx.).
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Table 4.1: Summary of relevant air quality studies from major Indian cities.

Area/L ocation

Particle
size

Sour ces

Elementsand lons

References

Delhi

PM 1o
and

PM2s

Secondary Nitrate,
Secondary Sulfate,
Vehicular emission, Biomass
burning, Soil dust, Fossil
fuel combustion, Sodium
and magnesium salt,
Industrial emission

Al, Mg, Ca, Ti, Fe,
Cr, Mn, Zn, As, Pb,
Br, M, F, CI, NO3,
S0, K*, NH4,
and Na'

Jain et. Al,
2020

Mangalore

PM 1o
and

PM35

Diesdl
wear
lining
dust

Construction dust,
generator, Tyre
emission, Brake
emission, Sand
emission, gasoline vehicle
emission, Diesd vehicle
emission, Unpaved and
paved road emission,
Biomass burning, LPG stove
emission, Solid fuel
emission, Ferrous and steel
industries emission,
Fabrication and welding
emission, Kerosene stove
emission

As, Ba, Cd, Cr, Cu,
Fe, Mg, Mn, Mo,
Ni, Pb, Sr, Zn, F,
Cl, NOs, PO,
SO/, Na', K,
Mg*" and Ca®*

Kaaiarasan et
al. 2018

Delhi NCR

PM 1o
and

PM2s

Dust construction, Vehicle
emission, Biomass Burning,
Industria emission,
Secondary Pollutants, DG
sets emission,

Al, S, P, S, Cl, Br,
V, Mn, Fe, Co, Ni,
Cu, Zn, As, Ti, Ca,
F, CI", NOs, Br,
NO,, SO, N,
K*, Mg* and Ca®*

Report  No.
ARAI/16-
17/DHI-SA-
NCR/Fina
Report

August 2018

Delhi

PM35

Secondary Aerosol,
Vehicular emission, Biomass
burning, Soil dust, Fossil
fuel combustion, Sea salt,
Industrial emission

Al, Mg, S, S, Cl,
K, Ca Ti, Cu, Mn,
Fe, Zn, Br, Cr, As,
Pb, F, CI, NOg,
S0, K*, NH4,
and Na"

Jain et. Al
2017

Nagpur

PM2s

DG sets, biomass burning,
resuspended dust, secondary
aerosol and mobile sources.

Al, Ba, Cd, Cr, Cu,
Fe, Mg, Mn, Ni, Pb,
S, Zn. F, ClI,
NOs;, PO, SO,
Na', K*, Mg® and
ca®t

Pipalatkar et
a., 2014

Raipur

PMys

Brick kiln process, steel re-
rolling mills, steel
processing

industries, biomass burning,
metallurgical industrial
emissions and coal burning

Al, As, Ca, Cd, Co,
Cr, Cu, Fe, Hg, K,
Mg, Mn, Mo, Na,
Ni, Pb, S, Sh, Se, V,
Zn, Na', K*, Mg*
NH,, F, CI,
NOs, SO, ,and
ca®

Matawle et
a., 2014

Hyderabad

PM g
and

PM35

Vehicles
resuspension of dust,
secondary sulfates,
secondary nitrates, biomass

exhaust,

Na, Mg, K, Al, S,
Ca, Fe, Cl, SO.%,
NOs, NH4*

Guttikunda et
a., 2013
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burning, coal burning.

Pune PM1o Vehicles, DG sets, | Al, Pb, Cu, Zn, As, | ARAI, 2010
construction dust, solid fuels | Se, Br, Ni, Fe, Mn,
and emissions, resuspended dust | Mg, Cr, Ti, Ca, Cd,
PM,s S, Si, Na, Ba, Sb,
- Cd, Sr, CI°, NOg,
SO,%, K*, NH,"
Kanpur PMy, | Vehicles, open burn, road | CI, NOs, SO, | CPCB, 2010b
dust, domestic wood, coa | K", NH;, Na',
and and LPG, metd smdlting, | Ca®*, Mg* Si, V,
PM,s DG sets. Cr, Mn, Fe, Co, Ni,
' Cu, Zn, As, Se, Cd,
Sn, Sh, Pb
Mumbai PM1o Wood combustion, Fuel oil | Na, Mg, Al, Si, P, | CPCB, 2010a
combustion, kerosene | S, Cl, Ca, Br, V,
and combustion, biomass | Mn, Fe, Co, Ni, Cu,
PM,s burning, LPG, ammonium | Zn, As, Ti, Ga, Rb,
' sulfate, ammonium nitrate, | Y, Zr, Pd, Ag, In,
heavy duty diesel vehicles| Sn, La, Se, Sr, Mo,
emissions, soil dust. Cr, Cd, Sh, Ba, Hg,
and Pb. F, CI', Br,,
NO,", NO3", SO, %,
K*, NH4, Na,
ca™, Mg*
Chennai PM1o Vehicles, DG sets, bakeries, | As, Ag, Ca, Na, Fe, | IT  Madras,
soil dust, construction dust, | Mg, Cu, Zn and | 2010
and paved road dust, kerosene | other metals. CI,
oM and LPG emissions. NO3, S04%, K
25 NH4+, Na+, Mgz+
Bangalore PM1o Petrol  vehicles, diesdl | Na, Mg, Al, Si, P, | TERI, 2010
vehicles, secondary | S, Cl, Ca, Br, V,
and particulates, fue oil burning, | Mn, Fe, Co, Ni, Cu,
PM,s wood  domestic  wood | Zn, As, Ti, Ga, Rb,

burning, DG set, kerosene
generator set, paved road
dust re suspension, soil dust.

Y, Zr, Pd, Ag, In,
Sn, La, Se, Sr, Mo,
Cr, Cd, Sh, Ba, Hg,
and Pb. F, Cl, Br”
NO,, NOs, SO,
Na', K*, Mg® and
cat

DG - Diesel generators; LPG - Liquefied petroleum gas; OC - Organic carbon; EC - Elemental

carbon.
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Chapter 5 Dispersion Modelling

Air quality modeling includes four major processes (a) emission of pollutants, (b)
transportation of the pollutants due to mean wind profile (c) chemical transformations and (d)
deposition/removal. In the present study the particulate matter emissions, transportation and
dispersion are carried out using the AERMOD model, which is developed by USEPA.
AERMOD model estimates the spatial profile of pollutants based on the Gaussian plume
equation, which is an analytical solution to the steady-state approximation of the advection-
diffusion phenomenon. The boundary conditions about the atmospheric mixing height and other
thermodynamic vertical profiles for the simulations are derived from the mesoscale model. The
model relies on the atmospheric stability classes for deriving the dispersion coefficients across
the multiple dimensions with respect to the distance away from the sources. In this study, only
the ground level concentrations of the particulate matter are ssmulated during the study period.
The study domain envelops the Jharia Coal Fields situated in the Jharkhand state of India. The
methodology followed in the present study is shown in Figure 5.1. The southwest part of the
Dhanbad City shares borders with the study area, but the majority of emission load used in the
study is included from the JCF.

5.1. Wind data analysis

The nearest IMD (India Meteorological Department) observations are at Patna and Kolkata,
which are approximate >150km from the study area. Hence, hourly meteorological observations
required for the study for the AERMOD dispersion model were ssmulated through the Weather
Research and Forecast, version-3.9 (WRF), which is a meteorological model that dynamically
downscales the global NCAR/UCAR meteorological data to the regional level data
(www.mmm.ucar.edu). Nested domains of grid resolution 12km and 4km, respectively were laid
over the study area for simulation of hourly meteorological variables using the WRF model
(Figure 5.2). Hourly meteorological data, including both the surface variables and upper
atmosphere variables, were simulated for the study period viz. 23 May to 12 June 2019 and 23

January to 12 February 2020, representing the summer and winter seasons, respectively.

Emission
inventory C Topographic
Line, point, area information
SOouUrces
| Maximum of
|AERMOD Ground Level
(dispersion Concentrations of
Mesoscale modelling of PM) PM (spatial-
model temporal)
Meteorological
modelling
(boundary
conditions)

Figure 5.1: Methodology followed in the study.

The mesoscale model interface program MMIF (https.//www.epa.gov/) converter tool was used
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to convert the inner domain’s gridded WRF model simulated meteorological data into a format
suitable for the AERMOD model. The AERMOD receptor grid covering the study areais shown
in Figure 5.3. A Cartesian receptor grid having 21 rows and 21 columns with a resolution of
2000 m was laid for the simulation of particulate matter dispersion /concentration at the receptor
locations. Overall there are 20 grids in each direction covering an area of 40 km by 40 km

envel oping the JCF.

The spatial pattern of the predominant wind profile over the study area is plotted using
the windrose diagrams for the summer (March to May 2019) and winter season (November 2019
to February 2020), shown in Figures 5.2 and 5.3, respectively. Results show that the study areais
experiencing the predominant wind (having high frequency) flow from east to west direction
followed by north-west to south-east direction during summer, while in winter the predominant
wind direction is from north to south. The wind speeds vary in the range of 0.5 to 11.1m/s during
the summer predominantly in the range of 2.1 to 3.6m/s whereas wind speeds vary in the range

of 0.5 to 8.8m/s during the winter, predominantly in the range of 2.1 to 3.6m/s.

Figure 5.2: Windrose of the study area during March-June, 2019 (wind direction blowing
towards the center)
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Figure 5.3: Windrose of the study area during November-December 2019 (wind direction

blowing towards the centre)

5.2. Dispersion of Particulate matter

Spatial profiles of maximum ground-level concentrations of 24-hour average values of
PM10 and PM, s were simulated using the AERMOD Gaussian plume model. The emission rates
of particulate matter from multiple source types including the point, line, and area were derived
from the field monitoring of the emission inventory. Point sources mainly include the emissions
from the industries situated in the study area that mainly use coke/coa as the fuel. The line
sources include the emissions from the vehicular exhaust. Emission inventory of traffic pollution
was carried out in the study area by noting down the vehicular activity. The vehicular activity of
different vehicular types such as trucks, light motor vehicles, three-wheeled vehicles,
motorbikes, etc. was multiplied by the corresponding emission factors for the estimation of
gaseous pollution. The summation of emissions from all vehicle types adds to the overall line
sources contributing to the pollution load in the study area. The area sources include emissions
from the open cast mining emissions (including all the activities in the mine premises) and
domestic burning (including emissions from crematoria, bakeries, open eat-outs, restaurants,
chulha burning from the slum, etc.).

The emissions in grams per second were calculated from the emission inventory survey,
for the line and point sources. Whereas, the emission rates in g/s'm? were calculated for the area
sources including mining. These emission rates from each source type have been computed in
the study area and fed into the AERMOD model domain for the simulation of spatial average
concentrations of PMjg and PM,s. In the present study, the maximum GLC (ground level
concentrations, in pg/m?) was simulated at several receptor grid locations in AERMOD domains.
The AERMOD model was run during the sampling period in May 2019 and November 2019,
representing the pre-monsoon and post-monsoon seasons, respectively.

Anaysis of WRF model simulated wind speed and direction data shows that the wind is
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predominantly flowing from south-east direction to north-west direction, followed by the
reversal in the direction, during the monitoring in summer, representing pre-monsoon conditions
(Figure 5.5). The wind speeds during the monitoring period in summer month varied between 0.5
and 8.8m/s. During the monitoring period in winter (post-monsoon), the wind predominantly
flowed from the north-east to south-west direction having wind speeds in the range of 0.5 to
3.6m/s (Figure 5.5).

The wind blowing from different directions in the study area determines the direction of
pollution dispersion. The Gaussian plume equation used in the AERMOD model estimates the
diffusion and advection of the pollutants concerning the emission rates and meteorology (wind
speed, direction and atmospheric stability categories). The model simulated maximum ground
level concentration of the particul ate matter (PM 1o and PM355) in the study area covering the JCF
is shown through the isopleths. The isopleths (contours connecting the regions with the same
ground level concentration in the context of the present study) of maximum GLC of PM 1 and
PM, s were observed to form a pattern according to the predominant wind directions flowing in
different monitoring seasons. It is observed that the line sources in the study area have
contributed the maximum to the surface GLC of PM, following the open cast mines. The
AERMOD model simulated the value of GLC of PMjo due to line sources, open cast mines, and
al sources are 927, 286, and 978ug/m’, respectively, for the summer season. The PM.s
maximum GLC contributed by the line sources, open cast mines, and all sources included are
809, 143, and 835pg/m°, respectively. It is evident from the result that the line sources are
significantly contributing to the overall particulate pollution in the study area during summer.
The analysis of the PM3p and its maximum GLC simulated by the AERMOD model for the
winter season also follows a similar pattern as of summer. The contribution of line sources, open
cast mines, and all sources included are 1565, 597, and 1679ug/m®, respectively. The PMs
maximum GLCs during the winter are 1004, 299, 1167pug/m® as contributed by line, open cast
mines, and all sources including, respectively. Based on the emission inventory and the
prevailing meteorological conditions during the winter season have in general contributed to the
higher particulate matter than that of the summer season.

Pockets of maximum concentrations of PM 3o (200-1000 pg/m® and above) are observed in the
vicinity to roads nearer to the open cast mines south of Dhanbad City during the winter (Figure
5.5). The localities of the high concentrations of PM 4, are Sabji Patti road and Sudamdih mine
area, which is reflected in the figure. The area covering the Dhanbad city and the mines situated
in the southwest have PM 1, concentrations in the range of 200-900ug/m?®. The fringes of the JCF
have recorded the PMo concentrations in the range of 100-250ug/m®. In contrast, the PMyg
concentrations for the summer season have significantly lower and the mgjority of the study area
have PM 1o < 100pg/m?, however, the area extending from south of Dhanbad City and Sudamdih
mine have relatively high PMo concentration in the range of 100-500pg/m®. Baghmara and
Sonardih mine area in the west of Dhanbad City have also been observed to have high GLC of
PM 1 in the range of 100-500ug/m?>.

A similar pattern of the spatial distribution of PM,5 is reflected as of PMyo. As the

underlying meteorological conditions are the same for both the PM 1o and PM ;s simulations the
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spatial pattern is nearly similar. High concentrations of PMys (100-500ug/m®) are observed in
the southwest direction of Dhanbad City (Figure 5.6). The maximum GLC of PMyg is found to
be higher than PM s during both the monitoring seasons, and higher concentrations are observed
during the winter season. The prevailing winter meteorology in the region has lower wind speeds
and mixing heights, which poses an unfavorable situation for the dispersion of particulate matter,
hence containing a high chance of accumulation of airborne pollutants. The significant
contribution of particulate matter from the line sources is observed in the study area, followed by
the area sources (from open cast mining, domestic burning, bakeries, open eat-outs, and
restaurants). The locations of the highly polluted can be interpreted from the images shown in
Figures 5.6 (a) and 5.6 (b) for devising realistic and grass-root level mitigation strategies.

Figure 5.4: AERMOD grid covering the Jharia Coa Fields (JCF). Theline, area, and point
sources covered in the study are indicated in red color. The UTM coordinates of the left bottom
point are x=406111 and y=2603492, and the coordinates of the right top point are x=456248 and

y=2653417.

20U S0

Figure5.5: Windrose diagram for the summer (left) and winter seasons (right) at Jharia Coal
Fields during the sampling period. Wind direction is flowing towards the centre.
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(b)

Figure 5.6: 24-hour average maximum ground level concentration of PM contours in the study

area ssimulated during the study periods in summer (left) and winter (right) seasons (a) PM 1o
(ug/m®) and (b) PM2s (pg/m®)

5.3 Validation of the model

Comparison between the model simulated period average PM and the measured PM
concentrations was made to determine the overal efficiency of the dispersion model. In the
present study, the model validation metrics viz. mean bias (MB), normalized mean bias (NMB),
mean gross error (MGE), normalized mean gross error (NMGE), and Pearson’s correlation (r)
were calculated for PMo and PM2 5 separately including data of both seasons. At some of the
monitoring locations like Mines Rescue, Katras, Patherdih, Harina, Lodhna, and Lohapatti the
discrepancies between the modeled and observed data were found to be high, for both summer
and winter seasons. At remaining locations for both seasons, the results indicate an
acceptable/fair degree of model performance in simulating the particulate dispersion. Results
show that the correlation coefficient between the measured and modeled PM g is 0.6, which is
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fair enough in environmental open systems, similarly, for PM, s the correlation value is around

0.7 (Table5.1).

Table 5.1 Performance Stimulation Metric

Model metric PM 19 PM35

MB -19.46 20.67

NMB -0.11 0.24

NMGE 0.32 0.37
Correlation Coefficient 0.6 0.7

The NMB values are observed to be lower for PMj (-0.11) than PMys (0.24), which
indicates the slight negative bias in PM1o simulations (under-prediction of the concentrations)
and positive bias in PM, 5 (over-prediction of the concentrations). Whereas, the NMGE for both

PM1o and PM,s are 0.32 and 0.37, respectively, which indicates the variation in the model

simulations deviate around 30% from the mean values on average (which is a result due to some

extreme vaues in the simulations). However, this discrepancy could be minimized if long-term

simulations are carried out, which is highly computationally intensive. Nevertheless, the model

performance metrics in terms of correlation and normalized mean gross error infer that the model

could capture the spatial profile of the particulate matter distribution to a good extent.

58



Final Report

Chapter 6 Recommendation

6.1. Mineindustries

1. The project proponent might consider installing conveyor systems for transporting the coa
from the coa handling plant to the railway siding or to the nearest thermal power plant (if
feasible).

2. A sufficient number of plants should be planted around the mine pit to arrest the movement
of particulate matter or dust into the surrounding areas.

3. Scientific studies might be necessary to design a green belt with an optimized dimension of
plot size and direction as per the prevailing meteorology. Similar studies are required to
design awind barrier for optimized benefits.

4. Adequate dust control measures should be in place, like mechanized sweeping, water
sprinkling or mist spraying systems on the haul roads and at loading sites. Long-range
misting or fogging canons are also should be in place.

5. Dust suppression measures at all operations of mining should be ensured.

6. Ensuring the complete coverage of the trucks and railway wagons that carry coa with a
tarpaulin sheet is necessary.

In the long-run mobilization of closed trucks to carry the coal is preferable.
8. The coal transport roads should not be left with open curb sides. End to end covering up of

curb side is essential to avoid the re-suspension of coal due to the truck movement.

6.2. Area Sources

Area sources are mainly domestic sources of fudl (coa, wood, kerosene, LPG) burning,
trash/M SW combustion, bakeries, hotels/restaurants etc. and re-suspension of dust. Based on the

survey and assessment, the following recommendations emerge:

1. Construction and demolition of buildings in the urban area give high loca dust
contribution resulting health problems. These practices need to follow compliance
guidelines to reduce emissions.

2. Road and pavement should be well constructed to suppress road dust. The standard
specifications and code of practice for road construction should be followed and
implemented as per the Indian Road Congress (IRC) guidelines or internationa standard
guidelines.

3. Strategically placed green cover in urban and semi-urban areas can help to improve local
ar quality.

4. Manage agricultura residues, including strict enforcement of bans on open burning

5. Strictly enforce bans on the open burning of household waste.

6. Use clean fuels — eectricity, natural gas, liquefied petroleum gas (LPG) in cities, and
LPG and advanced biomass cooking and heating stoves in rura areas; substitution of coa
by briquettes

7. Use incentives to improve the energy efficiency of household appliances, buildings,
lighting, heating and cooling; encourage roof-top solar installations

8. Promote the use of eectric vehicles
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Encourage centralized waste collection with source separation and treatment, including
gas utilization.

There is a substantial population that also uses available coal. These houses could be
given acombination of improved chulla or free/subsidised power for cooking purposes.
Hotels and dhabas need to be educated and compulsorily asked to use LPG for its
cooking purposes.

The trash and MSW burning is very common. Some of the places contain a mix of
plastics and thermocol. The combustion of these materials is very harmful to human
health.

Coa depot pollution is due to open storage and unregulated buying, selling and
transportation. These coal depots are responsible for nearby air pollution peaks. However,
the contribution of the same need to be assessed.

6.3. Line Source

The vehicular sector in cities has been seen to be a major source of gaseous and fine particulate

matter.

1
2.

The action plan for this sector would need a combination of efforts:

V ehicle inspection and maintenance: Enforce mandatory checks and repairs for vehicles.
Improved public transport: Encourage a shift from private passenger vehicles to public
transport.

Set up a mechanism of Inspection and Maintenance programme for all vehicles in the
district through RTO with automated system assessment.

The Inspection & Maintenance (I & M) centre shall aso test al vehicles for their inbuilt
emission tests.

All commercial vehicles should be phased out after 8 years of age or subjected to two
years extension after rigorous &M tests

All private vehicles should be subjected to proper assessment and fitness tests through
&M centres.

7. All autos and buses shall also be subjected to I1& M tests

10.

11.

Dhanbad city does not have a designated place for truck parking and maintenance related
activities. A separate designated place should be alocated to prevent illegal parking and
repair shops on the roads and kerbside.

Dhanbad city does not have a designated place for Auto-rikshaw. A separate designated
place should provide to prevent traffic congestion and control vehicle emission.

Major haul trucks with heavy loads should not pass through the main city. The plan being
made should be implemented in the next 1-1.5 years.

Overloading is a common phenomenon in the region resulting in poor road quality. This
can be avoided through online checking when vehicles leave industries with a guarantee

that the vehicleis not carrying more materia than its designated |oads.
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6.4. Others

>

There is aneed to explore various options for controlling air pollutants to tackle increased
emissionsin future.

The local authority should stress sustainable and affordable public transport keeping
clean air goalsin mind.

Frequent (time to time) arrangement of campaign/awareness programmes for lawmakers,
stakeholders, health professionals, academicians to brainstorm about the future scenario
and importance of clean air.

Strategic installation of continuous air quality monitoring systems at various locations of
urban, semi-urban and rural areas to check the existing air quality and information

dissemination to the genera public.
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[A] Cumulative receptor sample of PM 1, for source profiling with fitting parameters
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nexure-1

Sour ce Sour ce profiles | Std Error R-square Chi-square
contribution
estimate
82.7% mass Unpaved road 0.056 0.96 241
Coal 0.643
combustion
Light Duty 1.60
vehicle
Heavy Diesel 2.19
vehicle
Residential 5.59
combustion
Iron and steel 7.16
industry
Agriculture soil | 0.212
dust
Solid waste 1.37

[B] Cumulative receptor sample of PM s for source profiling with fitting parameters

Sour ce Sour ce profiles | Std Error R-square Chi-square
contribution
estimate
88.1% mass Residentia 3.34 0.98 244
combustion
Coa 0.094
combustion
Light Duty 0.30
vehicle
Heavy Diesel 191
vehicle
Agriculture soil | 0.10
dust
Flyash 0.51
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