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Joint Inspection Report in compliance of Hon’ble NGT Principal
Bench order dated 27" January 2020 in O.A. 117/2014 Shantanu
Sharma Vs Union of India & Ors.

The Hon’ble National Green Tribunal (NGT) Principal Bench (PB) order dated
27.01.2020 in O.A. No. 117/2014 (Shantanu Sharma Vs Union of India & Ors.),
directed under Para 32 (f) as:

“A Committee comprising of CPCB and IIT Roorkee may assess the environmental
damage with regard to the breach sites at Vidhyanchal TPP an Essar TPP in
Singrauli area and submit its recommendation within three months. CPCB shall be

)

at liberty to engage any other technical expert for this purpose.’

1. A brief on the 02 ash dyke breach incidence happened at M/s Essar
Power MP Ltd and M/s NTPC Vindhnagar, Singraulli during vear 2019

i. M/s Essar Power MP Limited, Singraulli, Madhya Pradesh

The ash dyke cell no. 3 (GPS location 23.997408°, 82.415650°) of the
industry breached on 07.8.2019. The total area of dyke was 3.34 Ha and

13.5mtrs was the total height of the dyke. The dyke rise upto 10mtrs above
the ground level & was under use of slurry disposal during 27.6.2018 to
21.6.2019. As documented, 190000T ash was disposed in this cell. The slope
of the dyke was in east side; from here the decanted water is pumped to cell
no. 4 with the help of pump as and when required. Looking into the rainfall
data from 1.8.2019 to 7.8.2019 (the day when dyke breached); it was
revealed that heavy rainfall was observed during 4™ August to 7" August
2019 viz. 4.3mm minimum to 29.9mm maximum. Due to increased volume
of water at slopping beach during the heavy rainfall the phreatic line (line of

seepage) may get disturbed that resulted in rising of phreatic line and
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reduced the stability of the slope. That resulted in breach of bund in about
100m length towards east direction. The flow of ash was towards Karsualal
& Karsuaraja village. Based on the effective bund area of Cell no. 3 as
2.7Ha and breached out average slurry upto 3m depth of 1.2 T/m’ density;
the calculated quantity of slurry breached out was about 97200 Tons (Say 1
Lac Ton).

The lateral spread of the ash before meeting Jaria Naala/river was about
1.8KM with 140-390m (Average 260m) width & in average 1ft height.
Nearly about 50 Ha area got affected by the spread of ash slurry. The
villagers were utilizing this area for crop cultivation. The Kharif crop was
damaged due to this breach incidence. Based on the field survey & aerial
videography it was revealed that the slurry has travelled a long path &
reached upto Mayer river confluence after flowing through Jaria to Garra
river. The slurry travelled about 11 kms in Jaria to Garra river to Mayer river

confluence point. The detailed report is enclosed as Annexure-I.

ii. M/s NTPC Vindhyachal, Singraulli, Madhya Pradesh

The industrial unit has 06 ash dykes in total i.e. V1, V2, V3A, V3B, V4A &
V4B at Shahpur & Baliyari area. The ash dyke breach incident happened on
6.10.2019 at ash dyke no. V-1 in North-West direction (GPS location
24.063501°, 82.685355°). The area of starter dyke was 474 acres whereas on
the exhaust of 4™ raising the operating area is 227 acres. The buttressing
work was in progress. One line of slurry disposal was in operation on the
day of incident. To recirculate the ash water unit has established 03 AWRS
systems; out of which AWRS 1 & 2 are of 1000M*/hr capacity whereas the
AWRS-03 is of 1500M’/hr capacity. Heavy rains were reported since last
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two months in every part of the Madhya Pradesh. Similarly, Singraulli
district also had heavy rains during August to 5th Oct 2019. The rainfall data
of 20" September to 5" October 2019 revealed that Vindhnagar area had
heavy rainfall from minimum 10mm to maximum 68 mm. The water pool so
created due to the excavation of 1.55 m’/m® in affected area i.e. 3.75Ha
stored rainwater & slurry water of approx. 58,125m’ say 50000m’ (density
of ash 1.2 T/m’). This water pool’s hydrological pressure may be the reason
of the ash dyke breach. The dyke breached out in about 100mtrs length &

pulled of the decanting well along with the slurry water.

After the day of incident AWRS 1 & 2 were out of service as the ash slurry
flown through the AWRS building with such a pressure that it broke down
the double layer boundary walls & filled up in the working area of the
AWRS premises. The ash slurry flow has also dislodged the ash slurry
carrying pipeline of the NTPC Shaktinagar plant. That resulted in non-
operation of AWRS systems of NTPC Shaktinagar too. The decanting water
of NTPC, Shaktinagar ash dyke no. S1 & S2 was directly being discharged
in Rihand reservoir. The breached out area so calculated was about 3.75
Hectares with 250mtrs wide & 150mtrs in length dimension. The quantum of
ash breached was approx. 225000 Tons (considering ash density 1.2T/m3).
The slurry spread over 33Ha area from the ash dyke V1 to decanting pond
and AWRS 1 & 2 surrounding area. Spread over an area of 12 Ha in North-
West through garland drain after the broke down the walls of AWRS system.
The decanting pond’s one side embankment also got breached out in a length
of 50-60mtrs & slurry spread over an area of 8Ha towards Rihand reservoir
& Surya Drain. However, no large quantity of ash found mixing in reservoir

& right bank of Surya drain. In total 53Ha (33 +12+ 8) area came under the
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verse of ash slurry. About 1 Lac Ton ash settled in decanting pond. That
resulted in 125000Tons of ash spread with average dept of 1ft other than the
ash retained in decanting pond.

The ash slurry spread in the plant premises & didn’t affect villages like
Gehalgarh due to higher elevation. The village Juari was also not affected as
it was on the left bank of Surya Drain. No agricultural land got affected on

the spread of the ash slurry. The detailed report is enclosed as Annexure-II.

2. Assessment of the environmental damage

The environmental damage assessment due to the ash breach incidence at
M/s Essar Power MP Ltd & M/s NTPC Vindhnagar, Singraulli was assessed
for green house gas (GHG) emission & water pollution, based on the
available information with MPPCB & industrial units. The Ambient Air
Quality monitoring conducted by ABC Techno Labs India Pvt Ltd, a
NABET accredited laboratory during the ash collection period shown no
exceedance of PMj, from the prescribed NAAQMS, 2009 (Copy of the
analysis report is enclosed as Annexure-III. Also both the incidence
happened during rainy season and the work of ash collection was almost
completed before summer season; thus, the air pollution was not considered
as major damage contributor.

The assessment of crop damage was not taken up by this committee, as in
compliance of the Hon’ble National Green Tribunal (NGT) Principal Bench
(PB) order dated 27.01.2020 in O.A. No. 117/2014 (Shantanu Sharma Vs
Union of India & Ors.) a separate committee is constituted under Para 32 (g)
as:

“The Committee comprising of Collector, CPCB and Member Secretary of
MP State Pollution Control Board may assess the damage with regard to the
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breach sites at Vidhyanchal TPP and Essar TPP in Singrauli area to the
crop and  agricultural  productivity  and  ensure effective
restoration/remediation of affective sites within three months”.

2 (1) Environmental Damage Assessment: M/s Essar Power MP Ltd

1. Estimation of GHG Emission and Related Cost
GHG emission is expected from the clean-up operation for the ash
using JCB, excavator, Vibro-roller, tractor, and other mechanical and
diesel generator devices (for work at night). The ash can be taken as
loose soil. According to Devi and Palaniappan [Devi, L.P. and
Palaniappan, S. “A Study on Energy use for excavation and
transportation of soil during building construction”, J Cleaner
Production, (2017), 164, pp 543-556], the fuel requirement for
excavation and disposal up to a distance of 50m for loose soil is 0.28
Litres/m’. Here the average disposal distance was more than 1.5 km.
As per the information provided by industrial unit, tractor-trailers
were used for carrying the ash. The fuel requirement of tractor-trailers
1s 37.4 Litres /100 km and volume capacity is approximately 2.8 cubic
meters (100 cubic feet). Hence, the fuel requirement is 0.13 L/km/m’.
For 1.5 km extra hauling distance the fuel requirement will be 0.196
L/m’. Hence, the total fuel requirement for cleaning up operation is

estimated to be 0.476 L/m’.

- Amount of ash cleaned up = 1.8 km X 260 m X 0.3 m = 140,400 m’
- Fuel requirement = 140,400 m> X 0.476 = 66, 830.4 L ~ 66830L (Diesel)
- Add 10% extra to take care of ancillary fuel requirement such as DG sets,

etc. = 6683 L
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- Total Fuel requirement = 73513 L

- Density of Diesel = 0.85 kg/L

- Total weight of diesel used = 62486 kg

- Specific CO, emission for diesel = 3.15 kg CO,/ kg of diesel (Based on
Framework for Environmental Damage Cost Assessment, NEERI
document, 2019, Table 3)

- Total CO, emission = 196,832 kg CO, =200 T of CO, (approximately)

- Considering the social cost of carbon emission at a moderate impact
scenario in 2019 = Rs. 3556 ((Based on Framework for Environmental
Damage Cost Assessment, NEERI document, 2019 — Page 13)

- So, The total cost for GHG emission as on 2019 = 200T X Rs 3556/ T =
Rs. 711,200 (Rs 0.0711 crore)

ii. Water pollution and damaged cost

In the absence of river/drain water flow related data in preliminary report of

MPPCB, it is opined to adopt value transfer method in place of the discharge

based method to evaluate the economic value of water pollution.

As per the field survey & aerial videography done by MPPCB after the

incidence, it was revealed that the slurry has travelled a long path & reached

upto Mayer river confluence after flowing through Jaria to Garra River. The

slurry travelled about 11 kms in Jaria to Garra River to Mayer river

confluence point.

- Considering the total length of ash discharge in water body as 11 kms
with an average width of 55mitrs and 0.6mtrs depth of water.

- The total quantum of water get polluted due to ash slurry: 11000*55*0.6
=363000m’

Joint inspection reportin NGT PB OA 117/2014 order dated 27.01.2020 Page 7

71227



- Based on the heavy metal analysis report of MPPCB, Jabalpur dated

14.8.2019 of the water samples collected on 9.8.2019 after the incidence.

(Copy of the analysis report is enclosed as Annexure-IV). The Copper

heavy metal was found in exceedance.

S.No. | Location of river/drain water sample Copper in
mg/l

1. | Garra river near Raila village 1.145
Garra river near Rampa village before meeting | 2.810
Mayer river

3. | Garra river 100m before meeting Mayer river 3.868

4. | Mayer river 100m after meeting Garra river 8.187

5. | Mayer river 100m before meeting Garra river 0.551

Considering the sampling location ‘Mayer River 100m before meeting Garra

River’ (Cu — 0.551mg/1) as baseline as it was in upstream and least affected

due to ash slurry. The base line value subtracted from the average value of

other sampling locations viz. 1 to 4 to calculate the concentration of copper

in water bodies due to ash breach.

- Base line value : 0.551mg/1

- Average value : 4.0025 mg/I
- Concentration of Copper in water body : (4.0025-0.551)=3.4515 mg/1
- A team of CPCB, MPPCB & District Administration Singraulli inspected

the breach site and nearby area on 27.9.2019 to verify the compliance of

the direction issued by MPPCB u/s 33A of Water (P & CP) Act 1974

Copy of the direction is enclosed as Annexure-V. It was reported that

“On the day of inspection i.e. 27.9.2019, team has not observed any

traces of fly ash along the flowing water from Jaria drain to Mayer river

confluence”. In compliance verification of Direction no. 2 ‘Remove the

fly ash lying in the fields and deposited in and along the flowing water
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bodies, so that it does not reach Rihand reservoir and cause its siltation.’

Copy of the report is enclosed as Annexure-VI.

Total no. of days taken to remove the ash slurry containing Copper in
exceedance: days from 7.8.2019 (day of incidence) to 27.9.2019 (day on

which compliance was recorded) = 51days

- Total quantity of Copper in water bodies = 363000m’ x 3.4515 mg/l =
1252.89 kgs (Say 1253kgs)

- Total days of non-compliance of direction or damage continued = 51days

- Environmental damage cost associated with heavy metal for Copper = 5
€ per Kg emission to water (Based on Framework for Environmental
Damage Cost Assessment, NEERI document, 2019, Table 12 and report
of Extern E, 1995 Copy of the same is enclosed as Annexure-VII.)

- Total environmental damage cost associated with Copper
= 1253kgs x 5€ = 6265€ (as on 1995)

1 € =Rs. 44.93 in 1995
Inflation rate = 7% (Average)
Daily cost of pollution = 6265 x 44.93 x (1.07)** = Rs 1427802.5/daily

- Total days of non-compliance of direction or damage continued = 51days

Total cost of pollution for 51 days = 1427802.5 x 51 = Rs. 72817927.5
(Say Rs. 72817928) or Rs 7.28 Crore

Total cost of water pollution as on 2019 = Rs. 7.28 Crore

2 (2) Environmental Damage Assessment: M/s NTPC Vindhnagar

i.  Estimation of GHG Emission and Related Cost
As per the information provided by industrial unit, dumpers were used

for carrying the ash. The copy of the present status provided by M/s
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NTPC is enclosed as Annexure-VIII.

- Amount of ash collected till August 2020 = 1.75 Lacs Ton

- Total kilometres travelled by dumpers = 71006 KMs

- Average mileage of dumper = 2.5km/litres

- Total fuel (Diesel) consumed = 28402.4 Litres say 28403 Litres

- Add 10% extra to take care of ancillary fuel requirement such as DG sets,
etc. =2840 L

- Total Fuel requirement = 31243 Litres

- Density of Diesel = 0.85 kg/L

- Total weight of diesel used = 26557 kg

- Specific CO, emission for diesel = 3.15 kg CO,/ kg of diesel (Based on
Framework for Environmental Damage Cost Assessment, NEERI
document, 2019, Table 3)

- Total CO, emission = 83655 kg CO, = 83.65 T of CO, (approximately)

- As per the preliminary report enclosed as Annexure-II; the estimated total
ash breached was 225000 T and till date industrial unit has only collected
175000 L Ton only. Still 50000T ash is to be collected. As per above
calculation 23.9 T CO, will emit on collecting S0000T of the ash.

- So total CO, emission = 83.64 + 23.9 = 107.55 say 108 T of CO,

- Considering the social cost of carbon emission at a moderate impact
scenario in 2019 = Rs. 3556 ((Based on Framework for Environmental
Damage Cost Assessment, NEERI document, 2019 — Page 13)

- So, The total cost for GHG emission as on 2019 = 108T X Rs 3556/ T =
Rs. 384048/- (Rs 0.0384 crore)

ii. Water pollution and damaged cost
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As reported in the preliminary report of MPPCB (Annexure-II); the direct
ash slurry discharge into Rihand reservoir was observed from the spillway of
the Overflow lagoon. Secondly, the NTPC Vindhnagar decanting pond was
also found breached and water was flown towards the reservoir. Thirdly, the
Ash Water Recirculation System (AWRS) 1 & 2 of 1000M’/hr capacity each
of NTPC, Vindhnagar and the AWRS of NTPC Shaktinagar of 4000 M*/hr
capacity was out of operation after the breach incidence. Only AWRS no. 3
& 4 of 1500 M’/hr capacity each of NTPC, Vindhnagar were in operation. In
the absence of adequate AWRS the decanted water of slurry pond V3A &
V3B of NTPC Vindhnagar and S1 & S2 dyke of NTPC Shaktinagar was
flown in the overflow lagoon (OFL) through spillway.
a. Basic information for quantifying the discharge from OFL

- Total volume of OFL = 6.05 Lacs M’

- The filled up volume of OFL on the day of incidence = 4.79Lac M’

- The empty volume of the OFL = 1.26 Lacs M’

- The average discharge of ash water in OFL from S1 & S2 of NTPC
Shaktinagar due to breach till restoration of the AWRS return pipeline
i.e. 25.10.2019 was = 70080 m*/day against 2000MW capacity (Copy of
the information submitted by NTPC Shaktinagar is enclosed as
Annexure-IX).

- As reported by NTPC, Vindhnagar; Stage 1 & 2 was being operated on
part load for many days till the ash discharge locations were streamlined.
As per the information submitted by M/s NTPC Vindhnagar, the average
power production during October- Nov 2019 was 4000MW. All the
AWRS got restored on 2.12.2019. As per the information furnished by
industrial unit, 17469 m’/day was the discharge of ash containing water

in Reservoir through the spillway of Overflow Lagoon till the day of

Joint inspection reportin NGT PB OA 117/2014 order dated 27.01.2020 Page 11

117227



AWRS restoration i1.e. 1.12.2019. The copy of the information provided

by M/s NTPC regarding discharge quantity is enclosed as Annexure-

VIII.

So the total daily discharge from OFL was = 70080 + 17469 = 87549M°

b. Basic information for quantifying the discharge from breached

decanting pond of NTPC Vindhyachal

Total area of decanting pond = 89479 M? with effective depth of 1.5mtrs

Total accumulated water in pond = 1,34,218 M3

Quantum of ash settled in decanting pond after the incidence 1 Lac Ton

(This ash replaced about 1Lac M’ ash containing water from the pond

and flown towards reservoir and peripheral drain of AWRS of NTPC,

Vindhnagar)

The quantum of ash water flown towards reservoir = 1 Lac M".

c. Industrial unit wise discharge and total no, of days for which

discharge took place

Industrial Discharge Discharged Start date of | Date on which | Total no.
Unit happened quantity in M? discharge discharge of days
from stopped
(Restoration of
AWRS &
pipeline)
NTPC OFL of SI | 17469M’ 7.10.2019 1.12.2019 56
Vindhnagar | & S2 dyke
Decanting 100000M” 6.10.2019 7.10.2019 01
pond
NTPC OFL of SI | 70080M’ 7.10.2019 24.10.2019 18
Shaktinagar | & S2 dyke

d. The monitoring report w.r.t. Suspended Solids
The effluent samples collected on 7.10.2019 by MPPCB, Singraulli

and analyzed for general parameters. The values of Suspended Solids
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were in exceedance of the general discharge standards of 100mg/l.

The details are as tabulated below: Copy of the analysis report is

enclosed as Annexure-X.

S.NO. | Sampling Location Suspended
Solids in
mg/l

1. | Water sample from S2 dyke NTPC Shaktinagar | 3237
going directly to Rihand reservoir

2. | Water sample from breached overflow, lagoon near | 3227
AWRS towards north going to Rihand reservoir

e. The quantum of suspended solids in Kilogram

The quantum of suspended solids discharged during breach incidence to

restoration of the AWRS pipeline w.r.t. the general discharge standard of

100mg/1.

Industrial Discharge Discharged | Suspended Total no. | Quantum of
Unit happened quantity in | Solids in mg/l | of days Suspended  Solid
from M’ above general in Kgs

discharge
standard of
100mg/1
NTPC OFL of SI|17469M° |3137 = (3237- 56 3068814
Vindhnagar | & S2 dyke 100)
Decanting 100000M° | 3127 = (3227- 01 312700
pond 100)
NTPC OFL of S1|70080M° |3137 = (3237- 18 3957137
Shaktinagar | & S2 dyke 100)

Total quantum of Suspended Solids in Kgs = 7338651 kgs

f. Assessment of damage cost due to discharge of excess Suspended

Solids w.r.t. the general discharge standard

Control cost method to rejuvenate the contaminated water bodies
covers overall total damage associated with respect to fisheries,

recreational sites, environmental property etc. In general control cost
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methodology refers to the cost incurred in operating conventional
treatment technologies to rejuvenate the surface water body. (Based
on Framework for Environmental Damage Cost Assessment, NEERI
document, 2019 page no. 27 Table 11). The shadow prices of water
pollution for Indian industries by estimated by Murty and Kumar,
2004 is used. The Suspended Solid value of Rs. 51427.9 per ton for
year 2004 was taken w.r.t. Miscellaneous industry, as Thermal power
plant was not reported by Murty and Kumar, 2004.

- The damage cost for suspended solid = 51427.9 per ton (2004)

- Average inflation rate = 7%

- Cost of the damage as on 2019 = Rs. 1041278080 (Rs. 104.13 Crore)

3. Damage assessment for M/s Essar Power MP Ltd & M/s NTPC
Vindhnagar
The committee has assessed the environmental damage based on the
available monitoring reports, field reports and literature. The brief on

damage cost is as tabulated below:

Industrial Unit | GHG emission | Water Total
damage cost in | pollution/environmental In Crore
Crore Rs, property/other damage cost | Rs.
in Crore Rs.
M/s Essar 0.0711 7.28 7.3511
Power MP Ltd
M/s NTPC 0.0384 104.13 104.1684
Vindhnagar

4. Limitations

1.  The above assessment is just preliminary for a guidance purpose. As
per the information, NEERI has been professionally engaged by the

both the industrial units to perform a detailed assessment. Further
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discussion/vetting on such report may be initiated when the same is
made available to the committee.
ii. In absence of long term site specific studies in Indian context; one

time monitoring, sampling is not adequate to assess the damage cost.

5. Recommendations:

1. Industrial units have engaged professional institute NEERI, Nagpur to
assess the damage; the institute needs to assess the site specific long
term direct or indirect impact on the flora fauna, human health and
consumptive cost.

ii.  Industrial units need to comply for 100% fly ash utilization to avoid
such incidence in future.

iii.  To install monitoring stations on the affected sites, to continuously
monitor the movement of plume underground or the leaching of toxic
heavy metals from the sediment.

iv.  Industrial units need to take care for the health of workers employed

for spill clean-up working.

i‘:vxgk'\.,.l«‘ g’:\.. Lc,.x .:épjm':ltg_‘__--——

(Dr Sudipta Sarkar) (Sunil Kumar Meena)
Associate Professor Scientist ‘D’
Dept of Civil Engineering CPCB, Regional Directorate
IIT Roorkee Bhopal, Madhya Pradesh
Joint inspection reportin NGT PB OA 117/2014 order dated 27.01.2020 Page 15

157227



i

Annexure-1

In compliance of the Madhya Pradesh Pollution Control Board {MPRCE], Bhopal officer order no,
2274 dated 0B.08.2019, a team of the following officials of MPPCE & CPCB, RD, Bhopal was
constituted to Investigate the reason of ash dyke breach & assess the environmental darmage
(Copy of the office order Is enclosed as Annexure-1):

1. Shri Manoj Kumar Mandral, SE, MPPCE, Bhapal

2, Bhri Sunil Kumar Meena, S¢-D, CPCE, RD, Bhopal — Nominated a5 rep. of RD, Bhopal

3. Shr KL Chaudhary, Regional Officer, MPPCB, Singraud)

4. Dr Harish Wankhade, Sclentist, MPPCB, Bhopal

The team: firstly met Shri K V 5 Chaudhary, Collector Singraulli on 9.8.2019 & briefed the fine of
action of the team wur.L the field survey, sampling of Ground water, surface water & damage
assessment. Considering the heavy rain (20.5mm in Hr on 6.8.19) in the Singraulll, day before
the ash dyke breached at M/s Essar Power MP Ltd, it was requested to issue a direction to
Public Works Department & Water Resource Department to carry out the stabllity analysis of afi
the Ash dykes of Thermal Power Plants situsted in Sinaraulli area. In line of this Caltectar,
Singraulli has lssued fetter 266/CST/F2/2019 on 8.8.2019 to Dept of PWD & WRD for the
assessment of stability & safety of ash dykes. Copy of the letter is enclosed as Annexure-2. It
was Informed by Collector Shri Chaudhary that losses of crop and agricultural land shall be
assessed by revenue department.

Team has visited the site (breached ash dyke) & Had discussion with the plant officials. Shri M K
Sharma, Chief Operation Officer of Essar informed that a F.LR. was filed by Shri Umesh Yaday,
security Officer at Police Station, Maada on 08.08.201% against unknown involved in ash dyke
breaching. Copy of the F.LR is enclosed as Annexure-3. Considering the above, local police
may Initiate action against the unknown for sabotage action. Tt was alse informed that the ash
Is spread In the land which is alletted to the industry only; but after getting compensation of the
land the local villagers are still Iving & doing agricultural activities on that land. The statement
may be verified by Revenue department. An advisory was issued to Mjs Essar by RO, MPPCB,

Paga lof s
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Singraufi on 10.8.2019 to expedite the dyke repairing work with the heip of local administration
& cean-up the spread ash from the agricultural fields, Copy of the letter Is enclosed as
Annexure-4.,
Mfs Essar Power MP Lid, commissioned its Unit#1 & 2 of 600MW each on 25.4.13 & 7.10.2018
respectively. Industry has stopped its production since B.8.2019 after the dyke breach incident.
Industry has adopted High Concentration Slurry Disposal method (water to slurry ratio 35:65)
to dispose the ash (bottom B fly ash) other them use in cement plants, brick making dyke
raising & filling low-fying area, Details of ash cell area & year-wise rising, height is as below and

endlosed as Annexure-5;
Cell | Arca (in Year-wise bund height (in mtrs) Total Status
mo. | Hectare) | 2012 | 2013 | 2044 | 2015 | 2016 | 2007 | 2018 | 2015 | Height (in
o ‘mitrs) _
1 1.7 =35 - - - B85 Abandoned
76 | 565 35 |4 3 3 - - 135 Sl covered
3 334 . - 1 [+2h |& |Z [2 2 13,5 Use during
27.6.2018
o
v 21.6.2019
4h+48 | 7397 - - 35 | 5 - BES In Usn

1. The Cell no. 3 of 3.34 hact. area was found breached from East side, The bund
breached in about 100m length. The flow of ash Is towards Karsualal & Karsuasaja
village. The elevation profile shows that from dyke to village elevation is 340 mt to 374

mt. {about 16meters) with depression of 2-dmirs, Considering the effactive bund area of

Cell no. 3 25 2.7ha and breached out average sturry helght upto 3mirs of 1.2 Ton/m
dersity of ash (as reported in Ash handling system docurment) the quantity of slurry

breached out is about 97200 Tons (say 1 Lac Ton), Design of the ash dyke along

with ash handling system document is encicsed a5 Annexure-6,
The affected area lies in following geo-graphical lecations
Latitude Longitudes:
i) 23,998170, B2.415844
i} 23.996902, B2.415649
W) 23.993257, 82.43356
iv) 23.99165, B2.431338.

xﬁ;%wx*’w
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3. The lateral spread of the ash before meeting Jaria Naala/river Is about 1,8km wath 140-
390m (average 260m) width & in average 1.0 it height. Nearly about 50 hectares area
got affected by the spread of ash slurry.

4. The aerlal photography & video-graphy revealed that the slurry has travelied a long path
& reached upto Mayar river confluence after fiowing through Jaria to Garra river. The
sirry travelled 11kms in Jarla to Garra River to Mayar river confluence point. Google
map of the same are enclosed as Annexure-7.

5. Team has coflected total 09 sampies of Ground water & surface water to analyse the
water quality deterioration majorly w.r.t. the heavy metals. The detalls of the sampling
location are enclosed as Annexure-8. Analysis work Is unger prograss.

The cell ne. 3 (3.34ha area) rise upto 10mirs above the ground level & was under use of
slurry disposal during 27.6.2018 1o 21.6.2019, As documented, 190000T ash was disposed in
this cell. The slope of dyke is in east side; from here the decanted water is pumped to Cell no.
4 with the help of pump as and when reguired. Looking into the rainfall date from 1.5.2019 to
7.8.2019 (day when dyke breached); it was revealed that heavy rainfall was observed during
4™ August to 7" August 2019, The rainfall data is tabulated as below; detalls are enclosed a5

Annexure-9,
Date Time Rainfall in mm

4 8.2019 i BPM 29.9mm
6.8.2019 Sam 10.4mm

| 7pm 205mm

9pm 15.2mm

7.8.2019 1pm B 3mm

Spm_ 7.3mm

/pm 4. 3mm

| Bpm bdmm

The team is in the opinion that due to Increased volume of water at sioping beach during the
heavy rainfall the phreatic line (line of seepage) may get disturbed that resulted in rising of
phreatic line and reduced the stability of the slope. This may be cross-verified by the expert
institutes recognized at national leved, "

Page Aol 5
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Frobable damage to the environment:

L About 50 hact. agricaltural fand area is found to be affected due to thick deposition of
ash.

2. The water sources falis under affected area ie. S0ha may damage. As reported by
mlaga,apaﬂafmwﬁlsmrnmpamﬂaﬁm area. However, same was not
verified due to un-availability of approach, Same shall be verified through PHED
department,

3. The surface water guality of Jara River, Garra Biver & Mayar River may be affected
seriously due to the spillage of the ash slurry. Samples were drawn from these surface
water bodies, analysis is under pragress; however 8 detailed darmage assessment can be
carried out with the help of recognized institutes having expertise In the field,

4. Ambient air quality of the arpa would also be affected due to air blown fly ash during
SLIMImer.

i LaARET DY TNEe inous J Y STUE L

1. Industry has stopped its operation from 0B.08.2019.

4. Industry has deputed JCBs machineres 1o re-build the breach bund to avoid further
spiflage of the slurry,

3. With the help of district admiristration, action regarding tha cleaning of the surface of
the affected area with the help of labours & tractor. However, agitation of local residents
i5 going on for the instant tompensation of the losses. As informed by District
Administration that industry has asked deposit Rs. 50 lacs as interim relief to local
farmers against crop and others losses,

4. Cleaning of the ash fram river Jaria & Garra River was also taken up; however SBMe was
3iso not started due to the protest of the villagers,

5. Industry is taking technical advices from the expert to dean the shurry quickly and

effectively,
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2. Industry may be asked to deposit 10 Crore to MPPCE towards an inkerim environmental
compensation, pending assessment of actual compensation and further action w.r.k
Aryavart Foundation Vs, Mjs Vapi Green Enviro Ltd. & Ors, Hon'ble NGT O.A, 95/2018
order dated 11.1.2019.

3. Industry shall submit time bound action plan for remediation and restoration of the
flelds, rivers and nallas and other affected areas due to spreading of fly ash,

4. Industry shall depute reputed organization/agency for the assessment of damage
caused to environment due to breaching of ash dyke.

X S

Mandrai) (Sunil Kumar Meena)
SE, MPPCB, Bhopal Sc-D, B, RD Bhopal
!
[ﬁ.\—% (Dr Harish Wankhade)
RO, MPPCB, Singrauli Scientist, MPPCB, Bhopal
Page 5 af 5
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Immediate Rectification work requirement in

Ash dyke area

Activity planned

Remark

Cell -3 Rectification and Strengthening

Ash breached around the bund area will be cleaned with the
deployment of adequate number of excavators and labors before
being proceeded for bund strengthening. Expert opinion is
expected by 13 Aug 2019 for actual strengthening procedures.

Work is frequently stopped by villagers
regarding payment compensation.
Administration help is sought to expedite
the work

2 |Bund making around water body
Facing severe resistance from the
Planning to create a bund before the water body with the sand bags|villagers and the work could not be started
to prevent any seepage of ash slurry to the water body in case of |even after adequate resources deployed at
any rain. Resource deployment - Labors and JCB site, which was primarily due to regular
disturbance being created by locals.
3 [Collection & cleaning of spread Ash in land area
Ash spread around the land area is planned to be cleaned Resqqrces _deployed waltln.g for .
. administrative support/ Police protection
manually with the adequate deployment of tractors, JCB and .
e for job to progress because of local
labors. Further it is planned to deploy grader/Dozer. .
disturbances.
4 _|Cell - 4 Rectification and Strengthening
Expert opinion ywll be strictly followed for any further rec’Flflcatlon Planned to be started from 15 Aug 2019
and strengthening and adequate resources are already lined up.
5 [Rebuilding of Boundary wall
Damaged portion of boundary wall will be repaired
6__|Cell - 2 Rectification and Strengthening

Expert opinion will be strictly followed for any further rectification
and strengthening and adequate resources are already lined up.

Planned to be started from 15 Aug 2019

mi227



Ash Pond

ANNEXURE 5

Year-on-Year Bund Height (in Mtrs) Total
Cell No. Height
2012 2013 2014 2015 2016 2017 2018 2019
1 -.3.5 - - - - - - 8.5
2A+2B - -.3.5 3 3 - - - 13.5
3 - -1 -2.5 4 2 2 2 13.5
4A+4B - - - -3.5 5 - - 8.5
CELL-3 DETAILS & CAPACITY UTILIZATION
Filled Ash Revi
. - evised
Effective Height . . . Ash
AreainHa | Bund Area Start up Closed above acc"i'rT;\Jnl.la.t'on Iz::(ta:r 23?_? accumulation
in Ha glr:‘l;l;d (earlier) breach) at present
3.34 2.7 27/06/2018 21/06/2019 8 190000 5 120000

28/227



ANNEXURE 6
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TCE.5184A-ME-570-02

TCE Consulting Engineers Limited

SECTION:

ASH HANDLING SYSTEM

SHEET 22 OF 24

APPENDIX — 2

ASH HANDLING SYSTEM

based on 36 hours storage capacity
for one (1) unit or 18 hours storage
for both units considering two (2)
silos (item 1.11 x 36 =+ item 1.12 of
appendix - 1)

1.0 SYSTEM CAPACITY WORST COAL
CALCULATIONS (Indian coal)

1.1 Calorific value 3300 k cal/kg

1.2 MCR worst coal consumption per 446 TPH
unit

1.3  Percentage of ash in coal 43%

1.4  Percentage of bottom ash 20%

1.5  Percentage of fly ash 90%

1.6 No. of hours of operation of bottom Continuous
ash handling system in a shift of 8
hours

1.7 No. of hours of operation of fly ash 6.0 Hrs.
handling system in a shift of 8 hours

1.8  Total quantity of ash generated per 191.78 TPH say 192 TPH
unit (Item No. 1.2 x ltem No. 1.3)

1.9  Quantity of bottom ash generated 38.4 TPH say 40 TPH
per unit (Item No. 1.8 x Item No.
1.4)

1.10 Quantity of fly ash generated per 172.6 TPH say 175 TPH
unit (Item No.1.8 x Item No.1.5)

1.11 Bottom ash handling system 40 TPH
capacity required ( Item No. 1.9 x
1)

1.12 Number of bed ash silos for both two (2)
the steam generators

1.13 Capacity of each bed ash silo 720 T

ISSUE
RO

FILE NAME: F120R2.DOC

TCE FORM NO. 120 R2
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TCE.5184A-ME-570-02

TCE Consulting Engineers Limited

SECTION:

ASH HANDLING SYSTEM

SHEET 23 OF 24

1.19
1.20

1.21

1.22

1.23

1.24

1.25

Bottom ash handling and disposal
system capacity selected for slurry
disposal

Bottom ash handling and disposal
system capacity selected for dry
disposal

Operating time for bottom ash
evacuation and disposal system

( Ash generated in 18 hrs) (ltem No
1.13/ Item No. 1.15)

Fly ash handling system capacity
required to evacuate ash generated
in eight hours (ltem No. 1.10 x 8 /
ltem No.1.7)

Fly ash handling system capacity
selected

a) Under emergency

b) Under normal operating
conditions

No. of fly ash silos for each unit

Capacity of each fly ash silo based
on 16 hours storage capacity for
each unit and considering four (4)
silos (item 1.10 x 16 x 1 + item
1.19)

Capacity of fly ash disposal
equipment at each silo outlet
selected for slurry disposal

Fly ash unloading capacity for each
unit (considering unloading from
two silos simultaneously)

Ash slurry disposal system capacity
selected for each unit (considering
disposal from two fly ash silo and
one bottom ash silo simultaneously)

Considering ash to water ratio of
65:35 by weight (for mixture of
bottom ash and fly ash) required
capacity of ash slurry pumps (ltem
No. 1.23 x 35 + ltem .No. 1.23)

65 1.38
Selected capacity of slurry pumps

60 TPH

120 TPH

6 Hrs

175x 8/6 =233.33TPH say 235 PTH

< 235TPH —
175 TPH

Four (4)
700 Tonnes say 720 Tonnes

« 120TPH —

« 240TPH —

«— 300TPH —

— 380cu.m/Hr. —

« 380 cu.m/Hr. - 1SSUE

RO

FILE NAME

: F120R2.DOC

TCE FORM NO. 120 R2
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TCE.5184A-ME-570-02

TCE Consulting Engineers Limited SECTION:

ASH HANDLING SYSTEM SHEET 24 OF 24

1.26

1.27

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

Water required by HCSD pump for
disposal of ash. (Item No. 1.23 x
35/ 65)

Number of series of ash slurry
pumps each of capacity 380 cu.m /
Hr proposed to be installed for each
unit

ASH DISPOSAL AREA
CALCULATIONS (CONSIDERING
HCSD SYSTEM)

No. of hours of operation in a year
with a annual PLF of 0.7

Ash fill height considered

Density of ash considered for ash
disposal area calculations

Total quantity of ash generated by
both the units per annum (ltem No.
1.8 x ltem No. 2.1 x 2)

Total quantity of ash required to be
disposed per annum

Volume of ash required to be
disposed per annum

Considering that ultimate ash fill
height of 15m is achieved in
phases, the total storage area
required for ash disposal per
annum

Considering 5 years of storage,
area required

Hence area required

« 165 cu. m/Hr. -

«— 3 series -
(2W+18S)

24 x 365 x 0.8 = 7008 Hrs

15.0 m

1.2 tonne/ cu.m

192 x 7008 x 2 = 2,69,10,72 tonnes

2,69,10,72 tonnes

2,69,10,72 /1.2 = 2242560 cum

2242560 / 15 = 149504 sgm

149504 x 5 = 747520 sgm

74.752 hectare

ISSUE
RO

FILE NAME: F120R2.DOC

TCE FORM NO. 120 R2

X2 /227



ANNEXURE 7

Affected Area after M/s Essar Power MP Ltd, Singrauli Ash Dyke Breach on 7.8.19

Point A (23.998170,82.415844), Point B (23.996902,82.415649), Point C (23.993257,82.433560), Point D (23.991650,82.431338)
Ash spread over 1.8km between 140-390m (Average 260m) width in ¢misissmmem (Average %gfft) before meeting Jaria river

&
. L
¥ L
0
- Y oy

R 7 i

lnr_"r: area of about S0 aciarestealeredivitRash

& -'l'-,' L - i g i . _. F A R -.| - - 5 __.' ]

QGDQFE Earth i L R Ve .t @ 3rd Ash dyke breached on 7.8.2019 8.30pm

© 2013 éoogl'é:--;_ s N ; ! i biof - g ¢ Wl 0 - '.__ s Land area of about 50 hactares covered with N
lirzieje © 2019 VL GIr Eennoldeiss ] A :

2198 © 2019 CNES MU




- " v

Path of Ash flow after Ash Dyke Breach on 7.8.19

Ash covered a length of 1.8km before meeting Jaria Naala/rivulet
Ash flow about 11Kms in Jaria & Garra river before confluencing the Mayar river
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Legend

I3l Garra river before conf. To Mayar river

@ Garrariver, Karsuaaraja

@ Jaria river, Karsuaalal

4l Mayar river before rihand reservoir at Bijpur Rd

Google Earth

Image © 2019 CNES / Airbus
Image © 2019 Maxar Technologies
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Annexure_2

Inspection Report of M/s NTPC, Vindhnagar thermal Power plant w.r.to the
Ash dyke breach incident happened on 6.10.2019 (5-6pm)

A detailed inspection of the site i.e. breached ash dyke of NTPC, Vindhnagar was carried out on
9.10.2019 by Sh Sunil Kumar Meena, Sc-D, CPCB , RD Bhopal along with Sh S D Valmiki, EE,
Regional Office, MPPCB, Singrauli w.r.to the assessment of the spread area of the ash,

contamination of the surface water bodies etc.

On the day of inspection, out of total 13 units; unit number 06 was out of service & the total
production load was about 3625MW. The discharge of slurry was on ash dyke no. V3A, V3B &
V4A. Unit has 06 ash dykes in total i.e. V1, V2, V3A, V3B, V4A & V4B at Shahpur & Baliyari

area. Details of the dykes are as tabulated below:

Ash | Area Raising in service Operating area | Current
dyke | (Starter (Acre) raising in
Dyke) service since
V-1 474 4" raising  exhausted, | 227 Not applicable
Buttressing in progress (after

Buttressing)

V-2 | 600 4™ raising in progress 308 (after 4™ | Not applicable
raising)

V-3A | 315 3" raising in service 218 (after 3™05.10.2019
raising)

V-3B | 172 2" raising in service 126 28.02.2018

V-4A | 184 Starter dyke in service 184 31.03.2016

V-4B | 165 1* raising in progress 148 (after 1% | Not applicable
raising)

The ash dyke breach incident happen at ash dyke no. V-1 in North-West direction. This dyke is
in operation since 1987. The area of starter dyke was 474 acres whereas on the exhaust of 4"
raising the operating area is 227 acres. The buttressing was in progress. One line of slurry
disposal was in operation on the day of incident. To recirculate the ash water unit has established
03 AWRS systems; out of which AWRS 1 & 2 are of 1000M3/hr capacity whereas the AWRS -
03 is of 1500m3/hr capacity. After the day of incident AWRS 1 & 2 are out of service as the ash
slurry flown through the AWRS building with such a pressure that it broke down the double
layer boundary walls & filled up in the working area of the AWRS premises. Currently AWRS-
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03 is in operation. The ash slurry flow has also dislodged the ash slurry carrying pipeline of the
NTPC Shaktinagar plant. That resulted in non-operation of AWRS systems of NTPC
Shaktinagar. The decanting water of NTPC, Shaktinagar ash dyke N. S1 & S2 is directly being

discharged in Rihand reservoir.

Probable reason of the ash dvke (V1) breach

Heavy rains are reported since last two months in every part of the Madhya Pradesh. Similarly,
Singraulli district also had heavy rains during August to 5™ Oct 2019. Similar kind of ash dyke
breaching incident occurred in the month of August 2019 at M/s Essar MP Power limited,
Singraulli due to the heavy rain & poor decanting system. The rainfall data of 20™ Sept to 5™ Oct
2019 revealed that Vindhnagar area had heavy rainfall on the following days:

S.NO. Day Rainfall in mm
1. 20.9.2019 10.5
2. 23.09.2019 68
3. 24.09.2019 31.5
4. 25.9.2019 16
5. 26.6.2019 10
6. 27.9.2019 45.2
7. 28.9.2019 50.8
8. 29.9.2019 10
0. 30.9.2019 36.6
10. 1.10.2019 10.5
11. |3.10.2019 19
12. | 4.10.2019 10.7
13. |5.10.2019 21

As reported, 4" raising of the V1 ash dyke got exhausted & buttressing work was on going as per
the approved design & drawing. Total 14,20,000 M’ quantity of ash got excavated from the
918442 m?2 area of the dyke i.e. 1.55 m’/m” and used in buttressing from V-1 dyke; that in result
created voids of different dept & size. As per the field survey; the measurement of the breached
out area was done using the Google Earth Pro software. The breached out area so calculated was
about 3.75 Hectares with 250mtrs wide & 150mtrs in length dimension. Taking the average

depth of ash breach as O5mitrs as it varied from 9mtrs to 3mtrs throughout the calculated area; the
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quantum of ash breached is approx. 225000 Tons (considering ash density 1.2T/m3). The water
pool so created due to the excavation of 1.55 m*/m? in affected area i.e. 3.75Ha stored rainwater
& slurry water of approx. 58,125m" say 50000m> (density of ash 1.2 T/m®). This water pool’s
hydrological pressure may be the reason of the ash dyke breach. The dyke breached out in about

100mtrs length & pulled of the decanting well along with the slurry water.

Assessment of the Ash slurry spread over

The team carried out the field survey to understand & assess the spread of ash slurry. With the
help of Geo-graphical co-ordinates, elevation data & field survey information; spread area of the
slurry was mapped on Google earth Pro software (Annexure-1). The slurry spread over 33Ha
area form the ash dyke V1 to decanting pond & AWRS 1 & 2 surrounding area. That dislodged
the AWRS pipeline of NTPC Vindhnagar & Shaktinagar. The slurry flown in the decanting
pond filled up with the decanted water & created a heavy water pressure & broke down the walls
of AWRS system & flown through a garland drain and spread over a area of 12 Ha in North-
West. The decanting pond’s one side embankment also got breached out in a length of 50-60mtrs
& slurry spread over an area of 8Ha towards Rihand reservoir & Surya Drain. Presently, no large
quantity of ash met reservoir & right bank of Surya drain. In total S3Ha area came under the
verse of ash slurry. Considering the area where ash dumped in as 80000m2 & depth of slurry as
Imtr in decanting pond about 1 lac Ton ash retained in the decanting pond. That resulted in
125000Tons of ash spread over the 45Ha area with average dept of 1ft other than the ash

retained in decanting pond.

The ash slurry spread in the plant premises & didn’t affect villages like Gehalgarh due to higher
elevation. The village Juari was also not affected as it is on the left bank of Surya Drain. No
agricultural land got affected on the spread of the ash slurry. Water samples were collected from
04 locations as AWRS garland drain, Rihand reservoir, fall out of S1 dyke decanted water into
Rihand reservoir & Juari village. The analysis of the water sample for the heavy metals shall be

carried out at MPPCB, Jabalpur.
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Measures taken on the day of incident and thereafter by the Unit

1. Total ash slurry in discharge in V-1 dyke was immediately stopped.

2. Power supply to the entire Shahpur ash dyke area was cut-off immediately in-line of the
safety.

3. Flooded area was evacuated of all working personnel and complete area was searched
immediately following the breach to ensure that no man/animal was trapped inside the
affected area. It was informed by plant official Shri Munish Jain, AGM that no
casualty/death of man/animal was reported.

4. Breach portion of V-1 dyke was plugged within 30 hours and restoration work was in
progress

5. Breach portion of overflow lagoon was plugged within 12 hours and restoration work
was in progress

6. Cleaning work in surrounding area of V-1 started at 7:00 AM on 7™ Oct’19 and it was in
progress. A separate contract has been awarded for cleaning of the entire ash and to put
back the same in V-1 ash dyke.

7. AWRS-I cleaning work was in progress

8. Ash spill from overflow lagoon following breach in boundary in the North West side is
being collected by deploying equipments from 10" Oct’19.

Recommendations

1. M/s NTPC Shaktinagar to repair the AWRS dislodged pipeline within 07days & to stop
discharge of decant water of S1 & S2 dyke immediately by pumping in M/s NTPC
Vindhnagar AWRS 03 system immediately.

2. M/s NTPC Vindhnagar shall collect back the spread over ash from 53Ha area with
minimal fugitive emission & dispose it in operating dyke. Unit shall submit the time
bound action plan in this regard.

3. M/s NTPC Vindhnagar to stop the probable mixing of slurry in Rihand reservoir & Surya
drain near decanting pond with no further delay.

4. M/s NTPC Vindhnagar may be asked to deposit 01 Crore to CPCB or MPPCB towards

an interim environmental compensation w.r.to Aryavart Foundation Vs M/s Vapi Green

Enviro Ltd & Ors. Hon’ble NGT O.A. 95/2018 order dated 11.1.2019.
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5. To engage national importance institute: like HITNEERINIT & others 10 carry out Lthe

assessment of the ash dyke stability 1o further avoid such incident 1o oceur.

|
‘pll:/ ;'w o .P’
ki)

(5D Va (Sunil Kr Meena)
Executive Engineer Seientist 1Y
RO, MPPCB, Singraulli
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M/s NTPC, Vindhyachal Ash Dyke Breached on 6.10.2019

Inspected by CPCB, Bhopal & MPPCB, Singrauli on 9.10.2019 (Prelimnary inspection was made by MPPCB, Zonal Officer, Rewa on 7.10.2019)
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Photographs of the Ash Dyke Breach incident on 6.10.2019 at M/s NTPC
Vindhnagar, Singrauli

(Photographs taken on 9.10.2019)

-
Dyke V1 Breached in
100mtr length

-

-

~ o Jo—
o~

Breached out ash
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Spread over ash slurry near dyke V1 area
Page 2 of 9
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Tractor turns down due to the pressure of flown ash slurry
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Slurry entered in the AWRS 1 & 2 system
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Broken down boundary walls
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Slurry entered in Decanting pond
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Broken down Ash slurry recirculation pipelines
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Ash slurry effluent directly discharged in Rihand reservoir from decant pond
of S1 & S2 dyke

Breached decanting pond near AWRS 1 & 2 under repair & restoration
Page 8 of 9
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Spread over ash slurry towards Rihand reservoir after the breach of
decanting pond near AWRS 1 & 2

Ash flowing in the garland drain near AWRS 1 & 2
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ANNEXURE_III
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ABC Techno Labs
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M/s. Essar Power M P. Ltd,, India Private Limited
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M/z. Essar Power M.P. Ltd.,
Village Bandhaura, Karsualal,
Tehsil: Mada-486886

Distt: Singrauali (MP)
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Issund 15 : ABC Techno Labs
M /s, Essar Power M.P, Ltd, Indisa Private Limited
Village Bandhaura, Karsualal,

Tehsil: Mada-486886 Corporate Office & Lab I ‘i ‘%
Distt: Singrauli (MP) a0 e s =1
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No. Parameters Ash Dyke Cell No 3 Test Method Limis
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2 | Particulate Matter size less '
ks 2.8 i (WA, ey | 49.4 EPA- 40 Appendix L To Part 50 600

"‘Mational Ambient Air Quality Standards prescribed by Ministry of Environment, Forest and Climate
Change, Government of India, vide Gazette Notification G.5.R 826{E) dated 18.11.2009
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tssued to ABC Techno Labs
M /5. Essar Power M.P. Ltd, Ilndia Private Limited
Village Bandhaura, Karsualal :
Tehsil: Mada-486886 Corports Office & Lat g2 %
Distt: Singrauli (MP) i £k Souet e S

S0 st Eare - Morth Fhame
St Dewssd -804 P =
S - =g TR S T labiy abetechnelab.com

i =1 BALET 400 BEEE1 ETTTT www, abctechnolab.com

[l 150 : 901, 150 - 10001, OMEAS « 1841 & 150 - 72000 Certifisd Compeny)

ACCRECTED BY MARFYT OQUALITY COUNCH OF MDA
RECOGNISED BY MINISTRY OF ENVIRDNMENT FOREST & CLIMATE CHANGE (MaEFLC), GOVERNMENT OF INDIA
L

RECOGNISED BY BUREAU OF INDIAN STANDARDS

ABC ABC ABC ABC ABC ABC ABC ABLC ABC

TEST REPORT
REPORT NUMBER : ABCTL/C/191202/AAQ/ 1266
SAMFLE DESCRIFTION i AMBIENT AIR QUALITY MONITORING{ 24 HOURS)
DATE OF SAMPLING : 02-12-1019-03-12-2019
REPMORT DATE ' 0&-01-2020 Hp lol & E
5 Downward of New 1
|Hm_ Parameters Ash Dyke Cell No 3 l Test Method Limiw® i
I 1 | Particulate Matter size less g =]
| than 10 pm (PMye), yg/m? 827 | 1S 5182 Part-23 | 2006 (Reaff. 2017} 100 ] =,
2 | Particulate Matter size less
ﬂ“ n 2. 28 !FH 3 im? | | 4T 5 EFPA- 40 Appendia L To Part 50 &l E
"National A ral Ambient Air Quality Standards pr-rl.mhd hg.r Miniztry of Enviconment, Forest and Climate ”
Change, Government af India, vide Gazette Notification GS.R B26(E) dated 18,11.20009 I
Contd.., -
@
L
-
]
a
4]
=
ay
5
=
o
(9]
i
i
B
o
U
&
a
F AL ﬂ'.-lr 1 -
(3 cers) &L= )
5 o . §. Ravi
Lt T Vice President - Labs
Firrres aivd Euvlikiire
n Tl el lis P Fin Sy by P oy, el o Vi o Pl e e il = L e e e e ke RS 0 [ e m e fa s B i
b1 AN, £ A L4 g A T il Ly bl Ty it d $ebuchi By sl e
BTty | ajeldi aTelud @//Z




Issued 0 : ABC Techno Labs
Mf&EEEHIPﬂHI’H.P.LHL, Ilndis Private Limited
Village Bandhaura, Karsualal, :

Tehsil: Mada-486886 Corpieate Office & Lat I = ‘%
Dhistt: EII'IFE.II:H. EMP] HARE T Bhrasd ==
SO0 Inuairinl Extme - Heris Paass,
AmmEtiur, Chanmil - £00 (01
P LB TR, 2015 T8 lubia abctechnolub.com
Fleipline: [ #01 S4847 B30D0, BIGE AT www.abetechnolab.com
(An 150 : 007, 50 14001, OH5AS : 160071 & 50 : 13000 Coridied Compony
ACCREDITED BY NABET QUALITY COLUNCIL OF IHDLA
RECOGMNISED BY MINISTRY OF EMVIRONMENT, FOREST & CLIMATE CHAMGE (McEFCCY, GOVERMMENT OF (NDLA
i
RECOGNISED BY BUREALU OF INDIAN STANDARDS
TEST REPORT
REPORT NUMBER g ABCTL,/C/191210,/AA0 /1287
EAMPLE DESCRIPTION : AMBIENT AIR QUALITY MONITORINGCZ4HOURS)
DATE OF SAMPLING H 10-12-2019-11-12-2019
REPORT DATE i 06012020 _FE_EE Zof 6
A | Downward of New =
No. Parameters Ach Dvke Call No 3 Test Method Limits
1 | Particulate Matter size less
: re-23 ¢ & ff. 2007
than 10 um (PMya), i 75.9 155182 Part-23 : 2006 (Rea | 100
2. | Particulate Matter size less
than 2.5 um (PMas), g/’ 423 EFA- 40 Appendix L To Part 50 1k

‘Mational Ambient Alr Quality Standards prescribed by Ministry of Environment, Forest and Climate
Change, Government of Indla, vide Gazette Notification G.5.R. 826(E) dated 18.11.2009
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Issued 1o ABC Techno Labs |

M /5. Essar Power M.P, Ltd,, India Private Limited E
Village Bandhaura, Karsualal,

Tehzli: Hﬂﬂa‘mﬁ Corperats Oifica & Lak; %| E

Distt: Singrauli {MP) "mw:'?::;m —..n—.... b

B0 iediwtriad Exan - larth Phiss,
&mbattur, Chenna - 520 234,
P | 431443635 778, 2635 7198 labi abctechnolalycom

HilpkEng -+ Sddl] &0 BEEG1 BTT7T wwwr“]}:!‘*ch“u]nh‘:"m
[fn BS0 ¢ GORN, (500 - 18507, CxELAS - 1RO & 150 : 23000 Cerifisd Campany|

ACCREDITED BY NABET, QUALITY COUNCIL OF INDHA
RECOGHESED BY MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE (MoEFGC), GOVERNMENT OF iNDHA

i
RECOGMISED BY BUREAU OF INDIAN STANDARDS

TEST REPORT
REPORT NMUMBER i ABCTL/C/191218/AAQ/12R8
SAMPLE DESCRIPTION 1 AMBIENT AIR QUALITY MONITORING{ 24 HOLIRS)
DATE OF SAMPLING i 18-12-2019-19-12-2019
REPORT DATE : 06-01-2020 Page2of 6
5 Downward of New
No. Parameters Ash Dyke Cell No 3 Test Method Limits"®
1 | Particulate Matter slze less ]
than 10 um (PMyg), pg/m? g2.7 IS 5182 Part-23 : 2006 (Reaff. 2017) 100
? | Particulate Maner size less
than 2.5 pum (PMzs), pg/m’ S1.4 EPA-40 Appendix L To Part 50 aull

‘Wational Ambient Air Quality Standards prescribed by Ministry of Environment, Forest and Climate
Change, Government of India, vide Gazette Notification C.5.R. 826(E) dated 18.11.200%
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Issued to ; ABC Techno Labs
M/s. Essar Power M.P. Ltd,, India Private Limited
Village Bandhaura, Karsualal,

Tehsil: Mada-486886 Corparais Ofica & Lab: ‘ l x %‘
Distt: Singrauli (MP) sl "

SI0CD Induiral Estaie - Norih Phass,

Amoeiiur, Chonns 8 AL

i - #31-44-5635 TTBS, 2828 7198 lab@abetechnolab.com
Hulaling | +31 30442 BR300, 35561 ETTTT wyww abetechnolob.com

e 150 1 9001, 150 : 18001, OHSLS + TAOYT & 150 : TI00D Cartifind Campany}

ACCREDITED BY NABET, GUALITY COUNCIL OF TNDHA
RECOCNISED BY MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE (MoEFCC), GOVERNMENT OF INDIA

[ 4
RECOGMISED BY AUREAL OF INMHAN STANDARDS
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REPORT MUMBER i ABCTL/C/200113/AA0 /1963

SAMPLE DESCRIPTION ] AMBIENT AIR QUALITY MONITORING(Z4HOURS]

DATE OF SAMPLING : 13-01-2020-14-01-2020

REPORT DATE i 03-02-2020 Page 2 of A

| Downward of Mew | =
Mo, Parameters Ash Dyke Cell No 3 Test Method Limits"

1 | Particulate Matter size less
than 10 pm (PMia), pg/m’
1 | Particulate Matter size less .
than 2.5 uin (PMys), e/ B05 EPA- 40 Appendix L To Part 50 &l
‘National Ambient Air Quality Standards prescribeéd by Ministry of Environment, Forest and Climate
Change, Government of India, vide Gazette Notification G.5.R. 826(E) dated 18.11.200

749.8 [5 3182 Part-23 < 2006 (Reaff. 2007 100

w-wEND OF REPORT......
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it o ABC Techno Labs |

Ms. Essar Power M. Lul. India Private Limited §
Village Bandhaura, Karsualal, z = — e

Tehsil: Mada-486886 Carporae Ofica & Lo  § I% E

Distt: Singrauli (MP) aa, th B L c

IO nduattisl Extaie - Norin Phase
Ambaiue, Chinna - B)0 038

Piv ; SB1-44-2028 TTON, 3833 TTO8 b nbetechnolal.com
Hislpfing : o3 DAL BN0L R8T 0TTYY . www.abetechnalab.com
{An 150 1 9081, 150 : 14901, OHSAS : 18081 & 150 : 22000 Cortified Company]

ACCREDITED BY NABET, QUALITY COUNCIL OF INDIA
RECOGNISED BY MINISTRY OF ENVIRONMENT, FOREST & CLIMATE CHANGE (MoEFCC), COVERNMENT OF INDIA

i
RECOGNISED BY BUREAL OF INDIAN STANDARDS

TEST REPORT
REPORT NUMBER : ABCTL/C/200106/AA0 /1962
SAMPLE DESCRIPTION i AMBIENT AIR QUALITY MONITORING{24HOURS)
DATE OF SAMPLING : 06-01-2020-07-01-2020
REPORT DATE : 03-02-2020 Pagelof &
5 Downward of
Na. Parameters New Ash Dyke Tast Method Limits®
Cell No 3
X ';grgﬂﬁ“ggﬁ :‘;‘“&i‘:j‘ b Kt 813 IS 5162 Part-23 : 2006 (Reafl 2017) | 100
Z | Particulate Matter size less than I

2.5 um (PMgs), ug/m? 49.0 EPA- 40 Appendix L To Part 50 &0

*Mational Ambient Alr Quality Standards prescribed by Ministry of Envirenment, Forest and Climate
Change, Government of India, vide Gazette Notification €.5.R. 826(E) dated 18.11.2009
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REGIONAL OFFICE ;/\ &
M.P. POLLUTION CONTROL BOARD “_ o >~
PLOT NO. 455/456, VIJAY NAGAR, JABALPUR ( ML.P.

No.1 382../8S/ RO/ PCB/ 2019 Jabalpur, Dated /%819
1o,
/ Lab Incharge,

MLP. Pollution Control Board,
Singrauli ( M.P.)

L Sub.:- Heavy metal reports.

Ref:- Your letter n0.489 dated 10/08/2019.

Please find enclosed herewith the heavy metal reports of ash dyke of M/S Essar Power

MP Limited, Bandhaura. For information please.

inel.:- As above. }
&VﬁLw'
Al
( Dr. 5. K. KHARE)
LAR INCHARGE
M.P.POLLUT.ON CONTROL. BOARD

) JABALPUR
(,\9"'
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REGIONAL OFFICE
M.P. Pollution Control Board
455,456, Vijay Nagar, Jabalpur (M.P.)

WATER SAMPLE HEAVY METAL ANALYSIS REPORT

R ——— . -

Date of Collection - 09/08/2019 Analysis No: 1.45/1-9 - Bill No. Dt.
Date of Receipt - 11/08/2019
Sampie From: M/S Essar Power MP Ltd. Bandhaura (MP) ,
Date of Analysis :- 13/08/2019
| Sample collected by :- Dr Ajay Khare (Scientist) & Dharmendra Arya (Chemist)
- Analvsis Done By :- Mrs. Amiya Ekka |
| -1
T Arsenic | Mercury | Lead | Nickel | Zinc | Copper Iron | jj
| | . . (As) (Hg) (Pb) (Ni) =
. SNo | Description of Sample Unit (Zn) (Cu) (Fe) |
e | | ;
| | J .
. | Karsua lal nala near road bridge mg / | ND ND ND 'ND ND ND ND
OIS . B | %
o s Mayar river rihand dam after | o/l ND ND ND ND ND 3930 ND |
| | meeting kachan
3 | Garrariver raila village mg/l | ND ND ND ND ND | oluid$ ND
' .nzs,“_ {mw(-)'penweil karsua lal nearLal mg /| ND ND ND ND | ND 2303 0.025 |
i Randeen Dubey ' ; |
.4. - X
. Garra river rampa village before | mg /| ND ND ND ND ND 2810 ND
‘i meeting mayar river : 05y
¢ |  Gamariver 100 m before mg/1 | ND ND ND ND | ND | 3868 ND |
e S e _"iffl’f'"g mayar river - . ...,:
7 | Mayarriver 100 m before mg/l | ND ND ND ND ND | Owssi ND |
. | meeting garra river | |
e Mayar river 100 m after mg/l| ND ND ND | ND | ND | 887 ND
\ meeting garra river
oo - Tl — .
B Hand pump water near Garra | mg /] | ND ND ND ND ND | 4.601 0231 ]
river

" GENERAL MARKS:- ND — Not Detected

 Minimum Detection Limit of Elements in mg/l:- As (0.0001), Hg (0.00047), Pb (0.18} Ni (0.06). Zn (0.006), Cu (0.025), Ie
- (0.04)

e — b ——— G . -—— -

/ iof. S K Khare)
Nl V.K BAGH&L

Seientist

o ? Pallution Control | Board
TR ..'-. yw !ka p )
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ANNEXURE_V

{ﬂlﬁb w7

MADHYA PRADESH POLLUTION CONTROL BOARD

Paryawaran Parisar, E-5, Arera Colony, BHOPAL- 462 016
i [OTSE) 2464420 240619 Fax {OFES) 2463747 g-mal it mpp.:l:@--.ud-H mail cam

Mo, TTS/MPPCB/2019 Bhopal, Date:

l'o,
[. Mr. Manoj Kumar Sharma
C.0.0. - M/5 Essar Power MP Ltd, Singrauli
Village Bandhora,
Post Karsualal, Tehsil Mada,
District Singrauli, Waidhan- 486886

2. Shri Shailendra Sah,
Non-Executive Director,
Vasundhara Elegance, Argora Chowk,
Argora, Ranchi, G.P.0),, Ranchi,
Jharkhand - 834001

Sub:-  Direction w/s 33 A of the Water (Prevention & Control of
Pollution) Act, 1974, Notice thereol

Whereas; you are operating a 2 x 600 MW Thermal Power Plant at
Village Bandhora, Tehsil and District Singrauli.

Whereas, your ash dyke no. 3 breached on 07.08.2019. An inspection
was carried out by the team of CPCB and MPPCRB officials on 09.08.2019
and the cell no. 3 of 3.34 hact. area was found breached from East side. The
bund breached in about 100m length. The flow of ash is towards Karsualal

& Karsuaraja village.

Whereas, about 50 hectares of agricultural land area is found 1o be
affected due to thick deposition of ash and due to flow of ash slurry causing
the surface water quality of Jaria River, Garra River & Mayar River to be
affected seriously due 10 the spillage of about 1.0 Lakh ton = ash sturry.

Whereas, it is reported that the industry has suo-motto stopped its
operations with efTect from 08.08.2019 so as 1o prevent further generation of
fTy ash which is presently not under your controlled management

™™/ 227




—=— MADHYA PRADESH POLLUTION CONTROL BOARD
Paryawaran Parfsar, E-3, Arera Colony, BHOPAL- 462 016

L4

G7ES] 2464428 2266191 Fax | (O755] 2463742 e-mal. it mppch@radif froailoom

Whereas: looking to the grave danger to the environment you ire

required to -

Take up the repair works of the hroken Ash dvke immediately
and in a technically sound manner

Remove the fly ash lying in the fields and deposited in and
along the flowing water bodies, so that it does not reach
Rihand reservoir and cause its siltation.

Depute an organisation of national repule 1o assess the
quantum of environmental damages caused du¢ [ the
breakage of ash dyke

Depute an institute of reputé to assess the overall technical
quality of construction and the lapses that the industry has
made, including engincering and design lapses, which has
resultéd into the breach of ash dyke and measures 1o be
implemented to avert such incidence in future.

Deposit with MPPCB a sum of Rs 10 Cr. towards interim
environmental compensation, pending the assessment of actual
damages.

Submit a time bound action plan for remediation and
riéstoration of the fields, rivers, nallahs and other affected
areas.

In light of the above facts and failure to comply with the above
directions within 15 days, in exercise of powers conferred upon under

section 33 A

of the Water (Prevention & Control of Pollution) Act, 1974

confirmed directions shall be issued 10 you as follows -
1. That the industry shall remain closed and not resiarl the

production till further orders.

et

That the concerned authorities shall disconnect water gupply and

supply of electricity and other facilities available to the industry
with immediate effect and,

You are hereby given an opportunity to comply with the points
mentioned in para 5 within 15 days from the date of issue of this notice. In
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MADHYA PRADESH POLLUTION CONTROL BOARD
Paryawaran Parisar, E-5, Arera Colony, BHOPAL- 462 016

W (0755 pasdazn 7as6191 Fox | (0755} 2468747 e-meil 7 mppch@redFmad cam

case no compliance report is received within stipulated period, the proposed
directions shall be confirmed without further communication o the
industry,

If the industry fails to comply the directions the intéralia action under
section 41 of the Water {Prevention & Control of Pollution) Acy, 1974 will be
initiated against all the persons having control over the unit,

For & On Behalfof M. P. Poilution Contrel Board

/

{R.S. KORI)
Member Secretary

Endt. No. [24% /TS/MPPCB/2019 Date: m]g}rj

Copy to :

I Collector, District Singrauli
v Regional Officer, M.P, Pollution Control Board, Singrauli for

necessary action. [

(R.S. KORI )
Member Secretary

o
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ANNEXURE-VI
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s Essar Power MP Limited, Singraulli

w.r.to the Notice Eﬁd by Madhva Pradesh Pollution Control Board, Bhopal
under Secti A of Water (Prevention & Control of Pollution) Act 1974

vide Letter no. 1843/ TS/MPPCB/2019 on 14.8.2019

An incident of ash dyke breach from cell 3 of Mis Essar Power MP Limited. Singraulls was
reporied dn " August 2019: a wam of MadhyaPradesh Pollution Control Buoarnd. Bhopal &
Singrauli along with the Central Pollution Congrol Board, Regional Directorate. Bhopul camad
dut detgiled investigation & ficld survey and reported the cause of breach, spread of ash on the
apricultural land & water bodies vide their report dated O™ Aypust 2019, Based on the findings &
weeomimendations. o notice wis fssied by Madhye Pradesh Pollution Control Board, Bhopal
arader Section 33A of Water (Prevention. & !.._‘-u:rmrnl: of Pollution) Act 1974 vide Letter o
1843 TS MPPCB2019 on 1482019, Industry has submitted its compliance réport wn the
divections issued under the above notice on 27.8.2019. To verity the progress made so far by the
industry a team of the following pfficers visiled Mg Fssar Power Mp Lid on Z75200% in
compliance of the Board"s letier no. 2638/ TSMPPUB201Y dated 27.9.2019,

I %k Sonil Kumar Meena, Scientist-D. CPCH, RD. Bhopal
3 8k K L Choudhary, Regional Officer, MPPUB, Singraulh
3, Ms Divya Singh, Nayab Tehsildar. Mada, Singraulh

The tearn first had a discussion on the six directions issued by board vide notice dated 148, 2019
lollowed By fleld Visit w verfy the claims suthenticity, 8h M K Sharma, COO of M's Fssar

Power MY Lid was present from the industrial side.
Point-wise compliance verification w.r.to the directions are as below:

Direction No. 1: Take up the repair works of the broken ash dvke immediately and in a
technically sound manner,

Compliance statuss Industry has claimed that they completed the repair works of the broken ash
dvkeon 1582019, the-chim fbund cormect; as same is evident in photo sraphs
tken on 1082019, The JCBs machines were operational w repair the

breached out porticn. On the day of inspestion Le; 27.9. 2019, team obseryed
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Hrection No, 2:

that approximately [(0mirs in length. Smirs wide. and 8mitrs raised tarpalin
covered reparred wall constructed with the ‘help of sand & ash bags No
spillage of water was observed through this wall. Photographs are enclosed as
Annexure-la. To niaintain the stability of the wall, o protective wall of Tin
sheets also placed before the sand bags. To deeant the ralnwater from the Cell
3. a flogting pump is-also placed & waler is decunted in Cell 4 which is found
in use to discharge the ash slurry,

Industry had communications with IT Kanpur & T Roorkee for further
strengthening & stability of the ash dvkes on 2LE2019 Copy of the email
commumcations are encloscd as Annexure-lh. Team of [IT Kanpur vished
the plant on 14.9.2015. As per the [IT Kanpur's preliminary site survess it
will takie abowt 5-6 months oocarry oot the study & placing the cameetive
actions w.rio the dykey strengthening. Team of 11T Roorkee visited the siwe
or 28 5. 2009 for their preliminary survéy. As informed, o detailed offer from
T Kanpur is expected by 207 Oct 19, However no agency fill today
12.10.201% submitted the detailed offer to carry out the study &
correclive actions on strengthening of the dykes.

Remove the fiy ash Iing in the ficlds and deposited in and along the
Mowing water bodies, o0 that it does not reach Rihand reservoir and
cause its siltation.

Compliance status: As reported, about 1 Lae Ton ash slurry spread over an area of 50 Ha in o

length of 1.8km, average Z00miry width & average 1ft depth before mecting
Jana drain. And-also traveled 11kms path trough Jaria drainiriver to Movar
river eonfluence. Un the day of inspection Le, 3792019, team has no
ebserved any twaces of fly ash along the flowing water from Juria drain to
Mavar nver confluence. During the field visit of weam on &8.2009; advison
was issued by RO, MPPCB. Singrauli on 10.8.2019, to immediately carry out
the cheaning wark of depoesited ash in winer bodies & put sand bags befune the
Jaria drain o further stop the flow of ash slurry in water bodies. Indusin
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deployed local villages for the cleaning work of the same; Photographs luken

during visit are enclosed as Annexure 2a,

Further. 1o remove the bsh Iving on the helds, industry has ssued work order
EPMPL/SCI9610009261 dated 26.8.2019 10 Mis VAP Engineering Services
Private Limited, Noida for cleaning, collection & shifting of spilled agh (rom
nsh dvke. Copy of the work order is enclosed as Annexure Zh. Till date
(27.9.2019), via V2P Engincering services, industry has collecied 39739M T
soil mixed ash ie39.7% of ol guamity of 1 Lac Ten by deploying lubors:
1o elean, collecs & shift the ash in Cell 3 by sand bags. tractor with trolley &
dumipers: Copy of the ash collection demails is enclosed as Annexure 2¢. The
work of ash collection was slow-dawn for 5 days in August 2019 ie, (19"
30™ 239, 26", 27"y and 9 days in September 2009 i (2%, 12°, 17" 18"
314, 3¢, ot 25® g g™ due 10 heavy rain during these days. As per the
field survey, ash has been collecied from the length of sbowt 850mies. Map
provided by industry régarding ash collection work is enclosed a5 Annexure-
2d.

Direction No. 3: Depute an organization of national repute to assess the guantum of
environmental damages caused duc to the breakage of ash dyke.

Compliance status: A5 informed by representative of the indusiry 8h Sharma, COCk Mis The
Energy and Resources Institute (TERL), New Delhi has shown interest in

taking the study of assessing the quantum of environmentul damuge cuused
duis 1o the breskage of Ash Dyke & has submitted the proposal on 27514
& the experts from TERT were visitig site on 11" Sept 2019, However,
looking imo the expertise: of Natonal Envirenmemal Fogeenng
Research lastitute (NEERTD), Mumbai in the feld of enviconmenial damape
sssessment cand their previows related susdies: industry has  staned
communication with NEERI from 21" Aug 2019, Experts of institut
visited the site on 18" Sept 19, A détailed project proposal wis received un
28" Sept 2019 from NEERIL Finalization of work order towarsds NEERI
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is under progress, Copy of the Communication with TERI & proposal off
NEERI Nagpur |s enclosed as Annexure 3a & 3b.

Direction No. 4: Depute an institute of repute to assess the overall technical guality of
construction #nd the lapses that the industry has made, including
engineering and design lapses which has resulted into the breach of the
Ash Dyke and measures to be implemented to uvert such incidence in
future,

Complianee statuss Industry had communications on 21.8.2019 with 11T Kanpur & 1T Roorkee
for the assessment of the quality of ash dvkes construction & pses muade in
past, Copy of the email communications are enclosed as Annexure-du. |eam
of IIT Kanpur visited the plint on 14.9.2019. As per the 11T Kanpur s
preliminary site survey; il take about 5-6 menths 1o carry out the study &

placing the cormective getions wrto the dykes strengthening. Team of [11

Roorkee visiled the sie on % 92019 for their preliminary survey. As
siformied, @ detaited offer from 11T Kanpur is expected by 207 O 19
However no ageney till today 12.10.2019 submitted the detailed offer 1o

carry out the study & corFective actions on strengthening of the dyvkes,

Direction N, $: Deposit with MPPCB a sum of Rs. 10 Crore towards inferim
cnvironmental compensation, pending the assessment of actual damages.

Compliance status:  Industry has deposited Re SOL wiro the District Cellector, Singraull on
(482019 g an immediate compensatory. amount 1o compensale farmers &
residents for their crop losses. damages 1o non-movable properties & waldr
hadies losses, As vn 2492019, Sub Divisional Office, Maada, Singrautii has
sssiied gn amount of Rs, 37.81.950/ (Thirty Seven Lacs Fighty ofe thousand
Nine handred fity rupees onlv) in favor of 247 farmers of Karsuilal &
Karsuaraja willagers. Copy of the leter no, Toi SO/ Re-1 2019 dated

7402019 is enclosed a3 Annexure-Sa.

As informed. indusiry has-submitied bank guarantee of Ry, 1 Cr 1o MPPCH

as security deposit wwards environmental damage on 21 Aug 2019 sganst
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e sum of Rs 10 Cr Industry stated their lquidity constraints. Nuon
Performing Assets classification of the company aceounts ete. and seck reliel

from the total interim environmental damage amount of s, 10 Cr.

Regarding this, Compewent authority of MPPCB may taks the decision.

Direction No. 6: Submit a time hound action plan for remediation and restoration of the
fields, rivers, nallahs and other affected areas,

Comphiance states:  Industry has submitied its 1ime bound action plan for remediation: and
restaration of the fields, rivers, nallahs und other affected areas on 27.8.2019.
However, the previously defined target dates’ of work completion regarding
strengthening of ash dykes, environmental damage assessment were revised
considering the delay in final proposals (fom 1T Kanpur & NEER] Nagpur
respectively. Similarly due o the 14 days of heavy mains in Augedt &
September 2019 the work related to leuning, collection & shiftng ol ash
from felds 1o Cell 3 was also delived, Till date @bou 39% ash spreud wver
he ficlds got colleawed.  TIT Kanpur & NEERT Nagpur will take about 2-4
months time to submit their reports w.r.to strengthening of dvkes & comective
mieasure therefore and environmental damisge assessmeni studies respectively
after the allotment of the work ceder. Time bound aelion plan submined b
the industry a5 on 27.9.2019 is enclosed us Annexuare-6,

-I .': R
i wr!l' J M
o 1 =
{Sunil hr Meena) (K L Choudhiry)
Scientist-D Regionul Officer
CPCB. BD. Bhopal MPPCB. Singraulli
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Repair work of the broken ash dyke of Essar Power MP Ltd

Annexure 1a

.8.2019; ash dyk
breached in left side in about 100mtrs le

— I L
o AR

2 o

e Cell 3 found
ngth

Photograph clicked on 27.9.2019; breached wall was found repaired in 100 mtrs length with raised
height of 8mtrs using sand bags and covered with tarpaulin
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Photograph clicked on 27.9.2019; breached wall was found repaired in 100 mtrs length with
raised height of 8mtrs using sand bags and covered with tarpaulin & Tin sheet protection

Page 2 of 2
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|| T-jeanpia S
Annexure 1b E
Saran, Jﬂ Shanker- EPMPL-HSE&F- Mahan
From: Sharma, Pankaj- EPMPL- Purchase-Mahan
Sont: Monday, August 26, 2019 503 PM
Tac AMIT PRASAD
Cc: rpatra@iitk.ac in; aprasad@iitk acin; Sharma M K - COO-EPMPL-Waidhan Sutradhar, 5.
. EPMPL (Toril; Somvanshi, Surajsingh C- EPMPL- Technical Services B MTF; Singh,
Lallan - EXT - EPIL - Civil Exacution - HAZ: Tomar, Gaurav - EPMPL - Waidhan
Subject: FW: INDIAN INSTITUTE OF TECHNOLOGY
Attachments: Proforma Invoice and letter for site visit.
Importance: High
Dear Sir,
Plaass find below the UTR details for the payment done against enclosed Pl and our communication.
Pleasa canfirm the receipt of same
Kindly eonfirm your earliast visit schedule.
ICIC| Bank Advice Receipt
Dte 26 ALy 2018, 17 40 56
©
N~
Trarma i [atai (@]
0
IN30E004129 )
&
GE-28-3018 o

1.45.004,.00

(= 10T

SMEDDESS IS5 2041 BONDOTITE

&, | Subwmission | Vendor Mame of Vendor Amount (Doec | Currency Hald dirnauint by Hank
Mo, Date Cinthe Cuirr] Amount Cash f ATGS Pay e
{TDS} {Ra.} vouch:
Mo, (K
1 | 26.08.2018 | 168717 | INDIAN INE-"T"I"_E-::IFTEEHNGLOE‘." 747,500 | INR 12,500 155,000
With regards,
Pankaj Sharma

Thanks & Regards,

Panka] Sharma | 5¢, Manager — Purchasa | Essar Pewer M.P. Lid |

Essar Power MP Lid-Mahan Power, Village - Bandhora, Post-Karsualal, Tehsil-Mada, Dist-Singraull Waldhan-483886 | Madhya
Pradesh | Inda |

T +81 BRS9S91713 | +07 896 S002054 Exl. - 2117 |

E Panka|. SharmaZifessarpower co.in | www essarcom |



& Please don't print this e-mail unless you really need to.

Disclaimer:
This emal is subject 1o & disclaimes, paasa click on the following link or cuf and paste the i il B9 sdoress Dar of your Drosser.
< hp Atraw eSSar comdemall declaimar bim| =

®2/227
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Saran, Ja: Shanker- EPMPL-HSE&F- Mahan

From: AMIT PRASAD caprasad@iiti peins
Sent: Thursday, August 22, 2019 628 PM
To: Sharma M K - COO-EPMPL-Waidhan; Sutradhar, S, - EPMPL (Tari); Sharma, Pankaj-

EPMPL- Purchase-Mahan; Somvanshi, Surajsingh C- EPMPL- Technical Services & MTP:
Singh, Lallan - EXT - EPIL - Civil Execution - HAZ

Ce: nrpatra@iitk.acin; aprasadd@iitk.acin
Subject: Proforma Invoice and letter for site visit.
Attachments: Proforma lnvoice and letter paf, GST_Registration_Certificate_dord_office. pdf,

5BI_Bank_Detail_Current pdf

Dear Sir,

WWfith reference lo your email to Prof. N.R Patra, please find attached proforma invoice regarding site visit “to conduct the
study for ash dyke and its strengthening requirements” at Essar Pawer M.P. Lid B00x? MW coal based power plant at
Singrauli District of Madhya Pradesh”

Please transfer the amount of Rs. 1,47 500/- by tomorrow for the registration at IIT Kanpur The detajls of GST and bank
cetails for onling transfer has been attached with this mail

Itis proposed to have sile visit on August 27th, 2018  You may book tickets and taxi from IIT Kanpur for our jousmey on
August 26, 2018 (After SPM)

Thank yau

Regards

Page 10 of 76

AMIT PRASAD

TECHNICAL SUPERINTENDENT
GEOTECHMNICAL ENGINEERING LABORATORY
CIVIL ENGINEERING

LI T KANPUR

Phone - +81-8454741722{M),

0512-259-T724(0)

R Forwarded Massage ———-—--

= Bubject Re: FW: Enquiry for Technical Study

> Date: Thu, 22 Aug 2019 12:28:22 +0530

= From Dr. Nihar Ranjan Patra <nrpatraiitk.ac.in=

=Ta: Sharma M K - COO-EPMPL-Waidhan <Manojkumar. Sharmafessarmower.co. in>
CC:  head_ce@iitk.ac.in <head_ce@iitk ac.in>, Sutradhar, 5. - EPMPL {Tori)
<Siddhartha. Sulradhar@essarpower oo >, Sharma, Fankaj- EPMPL-
Purchasa-Mahan <Panka). Sharma2@essarpower.co.in>, Somvanshi, Surajsingh C-
EPMPL- Technical Services & MTP

= =Surajsingh Somvanshi@essarpower co.in>, RajMohan, T - EPOrL - Mum
=Ragmohan, T@essarpower.co.in>, Singh, Lallan - EXT - ERJL - Civil

Execution - HAZ <Lallan. Singhi@acerinox.co.in>, Dr. Nihar Ranjan Patra
=nrpafrai@iitk. ac in>, snk@itk ac.in

= Dear Sharma Ji,

> Wi will taka up this job, Will communicate you

* 500N regarding thesite visit

= Regards

= Smceraly

= Mikar



5

R A R R ik e a e b b SR D St bt

> Dr. Nihar Ranjan Patra Professar

= Office: #3186, Faculty Building

= Departmeant of Civil Enginearmng

= [IT Kanpur, India-208015

= E mailnrpatrai@iitk ac.in

* Phone +51-512-2597623{0),+B1-512-2588226(R)

= Feoe+91-512-25973495

R A R A A A s B o S S e e LR R LT Lt

= Qn 22-08-2019 12:30, Sharma M K - COO-EPMPL-Waidhan wrote:

== *Daar Or. Mhar Ranjan Paira,”

e -

== || was nice Lalking to you over phong, As explained We are operating a
G00x2 MW Coal basad power plant at Singrauli District of Madhya Pradesh
and wanted to conduct the study for our ash dyke and its strengthening
requirements if any. In this regard the maii was sent yesterday to Dr.
Sachidananda Tripathi also bul since he is out of station the same

trailing mail | am forwarding to you for necessary take up of job
accardngly,

== Request you to send the offer for the sald job so that it may be faken
up accordingly and the site visit may be arranged at the earliest Regards,
== "MK SHARMA®

== Thanks & Regands

== M K Sharma | Chief Operating Officer-C0O0 EPMPL | Essar Power M.P.
Lid. |

»> Village Bandhora, Post Karsualal, Tehsd Mada, Dist. -

= Singraull, Waidhan-486886 | Madhya Pradesh | India |

»> T +01 BO50233777 | +91 8966902054 Extn, -- 2005 VolP 728 2005 | E
Manojkumar Sharmai@essarpower.co.in | www_assar.com |

== P "Please dan't print this e-madl unless you really need ta.*

= =

Disclaimear;

»» This email is subject to a disclaimer, please click on the following

fink or cut and paste the link into the address bar of your browser. <
httpiwww essar comfemail_disclaimer him| =

== <htip./iweendr essar comiamail_disclaimer,hitml=

=» *From;"Sharma M K - COO-EPMPL-Waidhan

== *Sent* 21 August 2018 1531

>> “To* 'nead_ce@irk ac.in'

»> “Cg:* Sutradhar, 8. - EPMPL {Ton); Sharma, Pankaj- EPMPL-

»» Purchase-Mahan: Somvanshi, Surajsingh C- EPMPL- Technical Services &
KTP; RajMehan, T - EPOrL - Mum

»> *Subject:* Enquiry for Technical Study

== “Diear Mr Sachidanad Tripathi,®
== *HOD Civil, IT Kanpur.®
- Rk

=> We are operating a 600x2 MW Coal based power plant at Singrauli
District of Madhya Pradesh. Both of our units are commissioned however we
have been operating with very less capacity {approx. 25% only)

mainly due 1o less cogl availability. A dedicated Ash Bund has been
constructed on around 87 Ha of acquired land outside plant beundary for
storage of agh. This Ash is in form of High Concenltration Shurry

Digcharge (HCSD) which is having 35% water onky,

== On T*th Aug 19 some portion of dyke wall of ash bund {which was not in
use) got partially breached. The rains was also happening that time so due
lo conditions, some ash got spread in surrounding area,

== \We wanied to conduct a study to assess overall technical quality of
eonstrection for ash pondby an expert agencyalong with the reason of dyke
breach. It should also include the commection and strengthening work
required for ash pond. Therefora requeasting you to provide a

2
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tachno-commerclal offer for the same,

=> Further please include following with tha offar;

== -Mathodology of the study

= -Time duraban for assessment and submission of reporis

=» -Reference list andsome samples of similar stedies conducted slsewhere
Please do let us know if anything further required fram cur end and

arrange for your offer at the earliest,

=» Regards,

== "MK SHARMA®

AMIT PRASAD

TECHMICAL SUPERINTENDEMNT
GEQTECHNICAL ENGINEERING LABORATORY
CIVIL ENGINEERING

LI T KANPUR

Phana - +31-0454741722(M),

D512-258-TT24{0)

85/227
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Indian Institute of Technology Kanpur
Office of Dean Research & Development

Details of BCS /Wire Transfer,/Online Fund Transfer Within India

A. Details of Account Holder:
| | Name of the Account holder Registrar, II'T Kanpur
2 Complete Postal Address Dean, Research & Development
Indian Institute of Technology,
Kanpur — 208016 (Uttar Pradesh)
' 3 | Telephone No. +01-0512-2597385
| 491-0512-25971 7877564
4 E-mail Id: sdr_dordi@iitk.ac.in;
| sachani@iitk.ac.in
| B. Bank Account Details : B
‘1 | Bank Name State Bank of India
'2 | Branch Name IIT Kanpur Branch
|3 | Complete Postal Address | [IT Campus, Kanpur - 208016
|4 Telephone No. +91-0512-2590592
'S5 |Email Id sbi.0116] @shi.co.in
| 6 Bank Account Number 10426002126
7 | Type of Account Current Account
| B IFC code (A unique allotted by | SBINOOO1 161
RBI to all RTGS/NEFT enabled
i branches in India)
| ® 9 digit MICR code 208002041 ,
GSTIN 09AAATIOIADAIZL '
PaN AAATIOIG9A

Mﬁht

Joint Registrar (R&D)

Signature WS @I GF Bink Manager
State Bankrp=mdia, [IT Kanpur

$6/227
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T 3

INCOME TAX PAN SERVICES UNIT

. (Managed by Hational Securities Depository Limited)
3" Flaor, "A' Wing, Trade World, Kemala Mills Compound, 5. B. Marg,
Lower Parsl, M.mDal - 400 013

Tha Ircome Tag Deparlmenl lakas

pléasura in informing that the PAN -

alfatied loyauis

AAAJIDTESA
: and the PAM card s Elr:|::|I:IEEI:f
herewilh, Furlher, lor filing thirelurn

ofimgomae, pleasa gonlacl

DCIT IACIT <, KANPUR

woling of FAM or ~sium ol inoome éri D-sllans for peyment of texes i3 necessary 1o
1sure ecolvela oredil ef taxes pald by b ou and faster processing of relum of iIncome.
orecval, gualing PAN on all oths: co——Janlcalions with the deperimant will kels 1o

prove Ll Y er E=TVIiCES.

g oy form thel il is mandatory to ovore PAN in several lransactions specified under
glircome TaxAcy, 1267, Forfurnherdeis’ s sl gushiransactionz, reference s invited fo rale

SEpfthelncome Tax Rules, 1862 eEs «iiN seclion 1384 of the Income Tax Sci, 1869,

~z kel evz=tonimars thanone FAN Balng alletlad, this fact shovld babroughtlothe
lice of your Assessing Officer, 35 po#sessing e v8lng mera than one PAN Iz againgt

wendrnayallr2clpenalty efupicoRs. 10,000/-

v errers in Lhe dala printed on your PAN Card may be broughl o the nolice of [T PAN

sevices Unit st theaddress givenaboveand entha reverse of the PAN Gard,

T : Income Tax Departrment

FEGID PRC/ DEND I ADII0NS 9|
T L 0 L 1 AL L (LT A
SMPAILAGLOSIOIMGCONTOS F SERECT
iy IMETITUTE SF TECHNOLAGY kanr i
SO INETITUTE 08 TECHHOLGBI Y,

W RESBETIAR OF FINANCE OF, ACEOLRTS
LALY AN PLIAL MANFLR.

JTTAT PRADESH « A0S0
EL P2~ 512 - 253130

T B LOmeE AP Her o sdgaalore s ara oe i
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-t e Geotechnical Engineering Laboratory
gheh Tt =T a
KANPUR-208 016 (L.P)

BITYe-208 016 (3.0.)

{ Tel. : +81-512-2507724
{Fax . +91-512-2597395

Dr.N.R.Patra No. CE/GTE/NRE/2019
Professor Dated: 22708 2019
M/S

Chief Operating Officer-COC0 EPMPL

Essar Power M. Lid.

Village Bandhera, Post Karsualal, Tehsil Mada,
Dist - Singrauli, Waidhan-1B6885

Madhya Pradesh, India

Kind Attention: Shri. M K Sharma (Chief Operating Officer)

Subject: Consultancy regarding site visit "to conduct the study for ash dyke and its strengthening
requirements” at Essar Power M.P. Ltd 60022 MW coal based power plant at Singrauli District of
hadhya Pradesh”.

Ref: Your email dated August 22, 2019, addressed to Prof. N.R Patra, Professor, Civil Engineerimg,
T Kanpur and telephonic conversation.

Dear Sir,

With reference to your email cited above amd our telephonic conversation, this is to inform you
that we would like to take up this project.

Faor this work, |t is proposed to have a site visit at Essar Power M.P. Led which is a 600x2 MW coal
based power plant at Singrauli District of Madhya Pradesh. The detailed proposal including cost
of consultancy work “to conduct the study for ash dyke and its strengthening requirements” will
be decided after the site visit by the IITK team. However, you are requested 1o arrange to and fro
travel, boarding, lodging and fooding arrangement for [ITK persannel visiting the site.

The proforma bill for the site visit fee amounting to Rs.1, 47, 500/- has been attached for your
perusal, The advance payment for the site visit may be drawn by crossed DD/cheque/online
transfer in favour of “The Registrar, IT Kanpur™ and mailed directly to the undersigned.

Oin hearing from you, the proposed date of site visit will be confirmed,

Theanking you,

Sincerely, .
| |
hldh £ Wy - =..'.-:_'|_i‘.:|_"—

(M.LPATEA)
Bncl: as above,

w227
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/@ Location : Room 101-105, Wesfern Lab. Extension Building
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H-wienfiye] werlmenem Geoftechnical Engineering Laboratory
e e aer incian Intitate of Technology
: U3
KANPUR-208 016 (U.P)

BPTYE-208 016 (3.0.)

0T / Tel, - +81-512-2597724
% | Fax - +91-512-2507395

PROFORMA INVOI SULTANCY & TESTING CHARGES
De.N.R Patra No.CE/GTE/NRP/2019
Professor Dated: 22/08/2019

Dean R& D [ITK GSTIN:09AAAJIT62A3ZL

Sponsaring Org:

Chief Operating Officer-C0O0 EPMPL

Ezzar Power M.F. Ltd.

Village Bandhora, Post Karsualal, Tehsil Mada,
Dist. - Singrauli, Waidhan-486886

Madhya Pradesh, India

Kind Attention: Shri. M K Sharma {Chief Operating Officer)

Ref.: Your email dated August 22, 2019, addressed to Prof. N.R Palra, Professor, Civil
Engineering, UT Kanpur and telephonic conversation.

I5.No. Particulars Amount(INE)
Consultancy charges for the site visit “to conduct the study for
1 |ash dyke and its strengthening requirements” at Essar Power 100,000.00
M.P. Ltd .600x2 MW coal based power plant at Singrauli District '
of Madhyva Pradesh",
Subtotal 100,000.00
Add Institote overheads 25 % 25.000.00
Total 125,000.00
CG5TE 9 % 11,250.00
SGSTE 9 % 11,250.00

Grand Total 147,500.00

Rs. One lakhs Fourty Seven Thousand Five Hundred Only.

]
T4 N PR O
(M.R. PATRA)
*Note: To and fro travel, boarding, lodging and fooding arrangement for IITK personnel
visiting the site will be arrange by your side.
PS.: Above amount may please be paid by crossed DD/ Cheque/ online fransfer drawn in
favour of "The Registrar, IIT Kanpw" and mailed directly to the undersigned

.:-:] Location : Room 101-105, Western Lab. Extension Building

P

i/ 227
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Government of India
Form GST REG-06
18ee Rile 130T

Kegistration Number {09 A ATIDI6SATEL

{Amended)

L |Legal Mame

INDIAN INSTITUTE OF TECHNOLOGY KANPUR

1 |Trade Mame, i any

DEAN OF RESEARCH AND DEVELOPMENT- IIT KANPUR

Consthution of Business

Slatuiory Body

4. |Address of Principal Flace of
Business

RESEARCE AND DEVELOPMENT OFFICE, ACCOLNTS-2, IIT
EANPLUE. KANPUR. Konpar Nagar, Uttar Prodesh, 208016

5. Date of Lisbility QLAY
. Dt of Validiny Froan EF T Tia Ha
= Ty pe ol Begisdnalion Reular

8. |Panbculars of Approving Aaibociiy

Sigmaure
Pame

Designation

Oiffice

Date of wwue of Cestificnle O3 12017

Motes The regisloalion corlificsss is seguired fo be promimently displayed ol 2]l places of Busises</Oficei(s) in the State

Thts {s 5 sysiem generaed digially sigred Regisiiation Cetilicae sssl based an b deemed approval of the application for regisiction

/227
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Power Club- EPMPL- Mahan

M T- Lootles
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Wpoj
Eeve
Tae
Xy

Elﬂllptj;_t:
ATTOY NuEvTo:

Sri. M K Sharma

Hari Prasad Hetnoor Sunyvan <suryafoe@liteec.in=

28 Augusl 2019 18553

Sharma M K - CO0-EPMPL-Waidhan: hansurya1@yahoo.com

Sulradhar, 5, - EPMPL (Tori); Sharma, Pankaj EFMPL- Purchase-Mahan; Sormvanshi, Surajsingh
- EPMPL- Technical Sanvices & MTP; RajMohan, T - EPOrL - Maum

Re: Draf Erepary for Technical Study

SINGRAUL|_PROPOSAL pdf

Dt. 29% Aug, 2019

Chief Operating Officer COO EPMPL

Essar Power M.P. Lid.

Village Bandhora, Post Karsualal, Tehsil Mada,
Dist. - Singrauli, Waidhan-486886

Madhya Pradesh India

Dear Sir,

Kindly find attached the 1I'T Roorkee proposal for the site vsiit.

with regards,

K S Hari Prasad

Page 20 of 76

On 0821719 03:27 PM, Sharma M K - COO-EPMPL-Waidhan <Manojlumar Sharma@essarpower.co.in>

Wrote:

Dear Mr K5 Hariprasad,

T Roorkes

This has reference o our telecom on Study to be carred al our site.

Wle are operating a 600x2 MW Coal based power plant at Singraull District of Madhya Pradesh, Both of our units are
commissianad however we hewve bean operating with very less capaecity (approx. 25% only) mainly due o less coal
availability. A dedicated Ash Bund has bean constructad on around 87 Ha of acquired land outside plant boundary for
storage of ash, This Ash is in form of High Concentration Slurmy Discherge (HCSD) which |3 having 35% water anby.

R =
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On 7™ Aug 19 same partion of dyke wall of ash bund (which was not in use) got partially breached. The rains was also
happening that fime so dua to conditions, some ash gol spread in surrounding area,

We wanted o conduct a study 1o assass averall tachnical quelty of construction for ash pond by an expert agency along
with the reason of dyke breach. It should also include the correction and strengthening wark requived for ash pond,
Therefore requasting you o provide a techno-commergial offar for the same

Further please include following with the offer:
Methodolagy of the study

1
2. Time duration for assessment and submission of reports.
3. Reference fist and some sarmples of similar studies conducted elsewhere

Please do let us know if anything further required from our end and arrange for your offer al the sarkest.

Regards,
©
N~

MK SHARMA ©
N
[0}
(@]
©
o

Thanks & Regards

M K Sharma | Chéef Operating Gfficer-C00 EPMPL | Essar Power M.P. Lid. |

Villege Bandhora, Posl Karsuslsl, Tehsil Mada, Dt - Singrauli, YWaidhan-4 BEBES | Madhya Pradesh | India |
T +81 8359233777 | +91 EDBED0Z054 Extn. - 2008 VolP 725 2008 |

E hanojkumer Sharma@iessarpowsar. coin | wawa essar com |

e Please don't print this e-mail unless you really need to,

Disclaimer:
This amall Is seiject 10 A disclaimer, pieasa click an the follpwing link or oLt and pasts tha Enk inlo the address bar ol your biowser
< ERl ot B3R e ai]_d petemar am ]

Y



Annexure 2a

Removal of Ash from fields, water bodies by Essar Power MP Ltd

Photographs clicked on 27.09.2019
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F - - Photographs clicked on 09.08.2019 | -

Photographs clicked on 27.09.2019
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Photographs clicked on 27.09.2019
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Photographs clicked on 27.09.2019
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Photographs clicked on 09.08.2019

Photographs clicked on 27.09.2019
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Annexure 2b

SR Ref no, - 3410014521

E';Ear an;rlarp !{lm .dL}rnIt-ed .-"!r
sar Fower % ie
Wilage: Bandhona, Karsualal WATILET MO) . Z3637 305853 ESSAR
Tahsd - Waidhan-106686 Chhb g
Madhya Pradesh, Ind. BTG - KL WORK ORDER
¥ S TAX REG MO ; AABCERDBECHTDO
Fh : 7508061 5400E08800 2054 RANGE - WAL
Fax: W MOk EPMPLISCIAOST0009261
CIM : LMDTO00LI00EPLC20IS8Y BN ND | AASCERDIEED
GET NO: Z3AADCECO0GC 1T DATE: 26.08.2019
CONTRACTOR'S NAME & ADDRESS CODE 166403 | WPl relerence o your guotation and clsmgsien
Company VIP ENGINEERING SERVICES PRIVATE LI MITED wa hisd walh o vee are ploased w0 place this Work
BC-118/124, FIRST FLOOR, . MATRIX TOWER B-4 Ordler on o Please guola fis Wark Order Ho
SECTOR 132 on all compspandinices and invoces, Qur Genaral
Teims and Conddions of Conffacl allached foems
HOIDA pa of iha contract
Moida-201 301
Litar Pradesh, India, [
Ph.  81-BAT-1B11148 Contact far thia WO °
Fax
E-mail vZpaspli@gmail.com Mr_ Pankaj Sharma
GET Mumbar MAAFCVEI4IF12A Tel. :Ot-B354591713
Fax. -91-
Em_l‘n : Pankaj.Ehama2 @Esaarmowsr G in
Your Parson Respansible : Mr. Sanjeay Singh Talephone | SET1811146 .
Emall | vZpespifigmaed com,, ¥
Wigh rafermnce io our ketter of imlent (LO) ref LOWAG-19004 daled 19,08 2019 & on the basie of or further
discussions held, we are plessed (o isswe this work arier fe clsaning, colleclion & shiflireg of apiled ash from ash
dyke ot Khemahi

BRNO. SERV. NO ary LINIT RATELNIT AMOUNT
SCOPE OF WORK [INR) (R
OO0 1 Ackiv.uni 35,000, 000,00 35,000,000.00
SPREAD ASH COLLECTION & SHIFTING
HENISAC 10
GST 6,300,000.00
Met value inclus 35,000,000.00 1AL 41,300,000.00

Applicable Tazes & Dubies : hhograled GST.  168%

The Hem contains the Following services:

10 00000102 1 Parl unils 2500000000 25,000,000.00
MISC SERVICES FOR CWIL DEPT

Scope af Wark:

S0b contreci fof full cieaning & restorafion of spilled ash from Ash
dyhm.

Cenificalion lrom affecled village panchayals befors raleats of final
paymienl,

Liaising with local & mdminislralive bodins,

Ash cleaning ard colaction shall ke done Bwough racior ooy,
Equipment support shell be provided by Essar,

Digzal requirpd for unning of equigments shall bo provided by
Ex=ar Powesr M2 Lid

e e RO Page 1 el &

1ok /227
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Essar Power M. P. Limited -
Essar Powes M, P, LimEted . ESEAFI
Mo el I -l i WORK ORDER

ECC MO - ML
5.TAM REG WO - ARBCESDEECS TN
RANGE - WAIDHAN

Madhya Pradesh, india.

P - THOGDE 1 54 BOEH00 7954
Fax .

M LD 00D 2005PLC201 981 P& MG | AABCEBUEAE

GET Nk 230ABCERIRRC LIS

DATE : 26.08.201M0

WO NO: EPMPLISCINGST00 09261

CONTRACTOR'S NAME : V2P ENGINEERING SERVICES PRIVATE LI MITED

SRNO. SERV. ND aTY UNT RATEUNIT
SCOPE OF WORK {INR)

AMOUNT
{INR}

Flease provide services tos { 00010 to 00410 §
Ezzar Powar M. P. Limited

Essar Power M. P. Limsled

Village: Bandhorns, Kamswalal

Tatisil - Waidhan, Sngrauli

3100-Cenirad Sioem

Tokal nel value incl. tax INR

Rupee fofy-one milion nres hundred thousand Canly

41, 300,000,060

Delivery deta: 37.12.2010

Price basis  : ADS At our Site{Services anly) Kherani
Paymant terms : As Per Delzils given in PO: Curr, INR
Pricing Lypes

#.0.5 = Kharahi,

THE PRICES ARE INCLUSIVE OF ALL TAXES, DUTIES AND LEVIES IF ANY.
ALL STATUTORY LEVIES IN FORGE SHALL BE DEDUCTED FROM YOUR BILLS;

Torms of delivary
Work shall be done a5 per inslruclions of the EPMPL Jab exsculion inchange.
Thies work gadler shall be vald 18 315t Dag 2018,

Terms of payment

Advance of Rs. 50000 lacs shald be paid alang with order & balance paymant shall be dona on pro sda basis aler 15

GaFy's penind Subect io venficalion & cortificaban of ihe invaices by e Job Exgculion inchange,

T3 and other taxes shall be deduciad rom your bilis & per the IT rule of fe Govl.of indsa.

e Page T odf 9

Lol
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Essar Power M. P. Limited )
S R IR e ESSAR'
Village: Handhora, Karsualal VATLET MO ZIG37A05853
Tehsil - Waidhan-4E5866 ST O - 23637205453 WORK ORDER
Medhya Pracesh, Inda ELC MO Ml
Ffi :T,;DWEIEW&HSEEM F.TAX AEG NO : AMACERSARCS To WO NO: EPMPLISCINE 16009251
il RANGE - WAIDHAN
CIN : L40100C_2005PLE201981 s MO - AABCEGOIBE DATE - 26.068.2019

GET NO: 2IAABCEAONES 22
COMN - : NG 5 ES PRIVATE Li MITED

Payment shall be dane 35 per actual no. of days of work dane al ség
Vendor mema (special)
Pualice Clearance Cafification

“The conlractor shall apply for and obain Palice Claarance Cerilicata{hersinatier refomed o PCC] of his employass
from ihe mspective palice sision before being deployed al Essar pemesas, | lae any reason, Conbaclor does nat
obtain PCC of his employess before daploying them ot ;e Esgar Pramises dospite his best and genuing afords,
the Contracior undarizkes to obain end submil the PCC af auch employess within 15 days from the daie af
dapkying them ot Essar Pramisos. The panod of 15 days may be mxiended for furifar paniod of 15 days at lhe soig
digereton of Essar,

The contrsclor enderakes and confinm (hat he shall vesify the enbecadents of employees baforg deploying them at
Essar Premises and shall cerify in witing Lo the effect that the BTpOYED 'wWag never invaheed m ey criminal
Brlivilies and no casal procecedings bafore palice and or in any cou is pending againsi him,

Falure to furnish tha PCC and cedificale of anlecedents of nis amplayees shall be ragled 2z matedal breach af
agreament by fa vandor which shall ampower Ihe Essar bo ferminate the contract and also empower ihe EScar to
lorfeit vendorfs security depesd, W the cenificale issued by vendar is faund Io be forged, Vandor shall be kel lanie
crimingly.

The contracior shall at il tenes during the agreement and terealier, indermnify and keep indemnifigd the Egaar | its
officars. empioyees and repraseatatives, from 8l or any claims, |psses, demands., damages, o, which the Essar |,
its officars, amployass and regpresaniafives may of &re likeky io suffer by reason of acts, defaulls, dears, thirgs,
@Tissions and commessions comemitled by Iha ventar and or its ampliyess, whils parforming the condhlions. of this
agraament™.

VATICSTiService Tax

IEET (& 19% is mcluhed in the fnal cader value.

You ghall ensure deposilion of the same to the taxation dept.

Insirance

Compesile insuranca shall be in scope of vandor,

Inspaction

Theeough Inspection of the work will bo carried out by the Job execiuson change

Vandor must comply with ihe heatih & salety noms as |sid doan by e EPMPL HSE team while warking, VollaSon
of the s=me shall aliract fuge penalties an the part of the vendar,

PO Tearme & Condifions

- Barid Pago Jof 9

Vudhh
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Essar Power M. P. Limited +
Essar Power M. P. Limited EESAH
Village: Bandnova, Karsuakal VATILET MO ; FIEETI05any
Tehesil - Walohan-4BEIEE CST NE : 2187108853 WORK ORDER
Mo Filont; foin, ;c;:mra::ﬁ'r:ﬂ;c' AADCEEOEGESTIN

11 = ;] 5
EL. FS0906154VBIGEE0 2554 ARG WD WO MO EPMPLISCUTS 10008261
G - Ui D0DLZDO5PL S0 1861 AN MO AR CENSR DATE -  26.08.2018

GET MO 2MAECERCABC1ZZ

OR'S NAME - SERWI B ]

The invoice should also state Buyer! Customer 2= following address: BUYERICUSTOMER

Essar Power MLP.Lid,

Village: Bandhora, Post Karsualal,
Temsgil Msda,

Diiat- Sirgrauli, M.P,

Peey 486 BBS

All comespondencs inclading Commencial Invoices, Desgatch Documans, el ia be eousiered o following addmess,
Engar Power b P Lo,
Willage: Bandhora, Post Karsuatal,
Tahsil Bata,
Diist- Swngrauk, MP.
Fin 486 868

Conlact Person From Essar |
Kir, Laltan Simgh (Incgange - Civl Dept
Mob. Mo.- B304212556

E & OE

r Eszar Power MP Limifed .,

,M_FL ¥
ised Signatdry.”

bt

—--conld, Pagadol @
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Essar Power M. P. Limited .-i-r
E=sar Power M. P, Limited EEEALH
Willaga:  Bandhara, Karsualsl VATLET MO ZIEITISA5

Tehsil - \Waidhan 186006 CET MO - 2RV A0sHNT WORK GHDEH

Machya Pradesh, ndia, ECCRG - NI

Ph ; TED0061 S40VESEH0Z054 S TAK RED NO . 8ABCEGIRSCE TN WO NO: EPMPLISCI9610009261
Fai FANGT | WAEOHN

CIN ; LH{:ItﬂEIDLEI:l}SF’LC.EIJﬁH Pl MO : ARBCESOBSE DATE : 26082019

GET N PARABICERERC 177

GENERAL TERNS & CONDITION FOR WORH DROER

1. Agreemaont

V2P ENGINEERING SERVICES PRIVATE Ui accepiancs o he work cedder in wrtingle-mail shal cansiilube conirass be by Vandor

arsl Exsar Powar MP Limiled 11

this arder, it shall be pansdanad hal tha seope! manous feeme and condifed ind icabed = the ceder s sccapiable fo he Vander,

2. Merurement af Wark:

Winch shal ba supardeed, inspeciad sad measured gs dirsciod by Engmeenin-churge thereallar mismed ax EIC) & be appoinind by
e Comipany and snared in e menswamsnl bock for e Jeape al Wark wih signates of o Vendor & EiC or tiger represerialive|
&8 [chen of accepiance. Paymand ¢hall ba mads as per achual Quisniily eaeouigd, For all labaur mhentive jobs, i & mard oy lemakalain
and sutimil daiy repon of warkmen allendance duly verdisd by E1G.

1, Tazes and Dwlies:

Lalazs olhenvian apecified all e, dulles, lewiss, charges ol theit may b2 anplicable o this Condrdcl 15 mcluged in |he contmact price
Sgrvica | Sales Tax, as applicable, must be inilicabenl i the bils soparalety, This will ba pitl 6y i sunperied by documeniary praod ol

Paymesnil. Thebils shal be prapacad & mised along with Folowing sdormss on:

&) Tax Creglil documents shinld b subsmited in eriginal. The documesn sheid bee maclally fumbern o edhar with numibening machine, ol
pre-provied stalianary o computer prinied edlh dade

b} The docurment shead contain the name, jddoess. PAN and ssrice Lax ragistration rambar (iF applicabla) of the senice prosdsr,

£] Tha doosment should conlain deseriplion of sanvics privided, valus al taxable sarvice provided, the emount al BRice L payatia

& pdutakin coss lhoroon,

g As regands lo Indien Incoma Tak. Surchiarge on Snceme Tak, Wilhhelding Tax ar any Corporaly Tas lhe Company shal ol bear any
lax labillies whatenever. Thi Vindor shall be lisble and responaile for paymant of ull such taces, if altraclid under the provsioes of

e, Thir Company shall. hovses
Slala VAT Acf i per applicails
Cardicale for the same by e V)

4. Bubimission and Payment of Bill:
a) The imeoice! BLA Bills for e Seooe of Work shald be submEiad witkin 2 waiikn of complation of job 1o EIC & riphicobe for veihealion
on manlhly bess or a5 spacied complate m sl respecr pnd scceplable
) Thee inveice: mas) be suppbonigniod with the work messuremend sheol and worcnan altendanes sheod duly alosied by EIC
<} In case e ol s assncaed with Ihe supply of materdalz, the invales izl be supplmionied with Bg moaterial challan duly stampad
wihy Gale Enlrg number, Packing i, Tam invoic g, Ouality assurangce & st cerlifizales,

d} The warkmen peypmen| shes]

Admasiraian in-chage. § applicable bnd specifisel exphc By in he work omer, PR and Insurance shal be neimisimsd Al achsal e
producing documentary evidercs.
&) Ths Cesmpany wil redaase e pagmen aflor i nichiCios 25 pef peclicd comd lisns and Slatuary nobes within 3 days after reciipl|

ol Lhe invaicn.

5, Statutory and Labour Roguistians:

3 Vendar and he warkmas 2ha

Wiahmanis Comperiston Acl,

Acl, and any oihir laws, ruilns and reguiations ie. ihat may b apshcabla o b tvpe of veaik, induding any Gcenses W laBeur lisnse
i thal sy ba roquisad to be obténgd by the Vendors,

b Verdor shall camply & maintain all ssatuiony receeds, registars and cisplays 88 requicd usdir vasious ki bvwrs Any denvalion oo
free levinn fy e Gont. aulherilios while heir inspectian will be reccwaned with penally kom Vendors running kil ¢ gacurity depose

. Safaty, Health & Enviranment:

a) Womidar and his werkmen sha

Ihe sabsty rufie shal be vawesd sevioushy and Vander shall b parstlized ag par the Comparngis rule,

) Wender's workrnen shall have bo oldan Gale poss Balors Commsiniment of wor, which shall ba issued only afigoting sakaly
Iraning & guidelines Irom Companyts HSE In-chamge and nRaufng medical Beses fram Companygis mosieal olicer.

<) Al safaty squipmen! as per sEtuiny equirements B heimzis, salaly shoes, salaly beks and any olher specilie aafsby L
wiridfnrﬂ'mﬂﬂnihﬁmhmnﬁdhfhﬁmmmw All 2 of PPE 8l mibs as are uspd s per bl

alancards
I Balety belmel | Apoeoved

ii. Salaly shoa = Bapresesd by BEE-IS: 4 S200 Parid); 200
L. Salety bell Approved by BIS-E5.3521: 1999

F, Salely carrll -

v, Salely sarplug | Approved by BISHS 156270, 1980

thare it mo accepiancel comments (¥ amy) recaived Irom Yondor within 7 {smenn] days from the dup of

B, Uichact spplcanie laxes al saunce Tka TOS undar Ieame Tag Fules and Work Comiracl Tax undiy
lawdroen fos 16 lime fram: bils f payments 1o b made bom Sie Vendor and witl isgue e TOS
N,

ared PF challan, il appilcabile, musi ba subivibec wish ivice olier verification and allgalalion by Hit &

Il abice by Il statulony rubes and regulations, including bl nol Bmibed |6 Canlract Labour A,
Minimuss Wages Acl, Empioyoe Fewance Aci, Grgap Parsenal Acciden| inseranss, Providers Furcd

Il ahide by all Sataty, Health and Ervirorrment rles snd resuilans: of the Company: Anypictaien al

Iy BIS-15:2935: 1004

BY Bi5-k5:6229: 1080

o GO, Page S of 8
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Essar Power M. P. Limited ...E-
Essar Powar M. P. Limiled ESSsA

Village: Bandhors, Karsuakal VATILET B | B3P HIS050

Tehsil - Waidhan-186835 E8T Nt - 2303730285 WORK ORDER

ki Pradosh, IRt :I?I’E.ﬁ:!;tu - ANECEENERCE TN

E:“ TEOA061 540/ 58 5812954 FANGE ; WAIDH WO NG EPMPLISCIME10005261]
CIN U401 DDDL 20052 L S0 861 PN N | AABGERRES OATE © 26082019

5T NO: ZIAABCESIERC 27

d) Vendar shad haw b énsure minimealion of pollaicn 81 source Fvough environment endly processes | Inchnigues

8|Belare glarfing he work, Vandor shall esbimil detaled work program, milesions of differens posviies, safely & qualily pilan and any
other redmvant docusnpnly resquined lor the wock 12 the EI0 Nor his aporosal, atiar which wers shel be stariod a5 par (he Bpprved
G,

7. Magcipline:
The Vendor and his wordimen shall hive to follow Companyis standand Code of Gomius and e e ol e kand whane Ihé serdoes
ar@ réqured |o be perfonmed, | shall be Vendorts responsinlry Lo maintain and keep #n deployad manpower in specifed arga ooy, IT
the Vandar or his weekman i foend viclaling lha sama o partcipaling in wiavlul aclivibes or nfluencing Company alalt by sny
llevings or olher mducemenis, b ponlrect shafll slond lerminalad wilh immedisle effect

B QiNippding & Subletting of Job:
in casm, iLls nbearved during the Enum al cantracl that ®e Vandor = ral capabi af s not in & postion o complele [l joh, the
Company neseres e rghl 1o oMoad ik same Som akamate scwce o the cosland risk of tha Wamda: Sub-latiing of fob & not aloved
unkess alherwise appvoved by tha Company.

2, Indemnity:
Varelor shall keep the Company indomnified fram al Eabliles resuling aul of (his contmel and soi of Vendar workman JAncluding but
not imited Yo tawes & dufies, damages, penaliirs, Nnea, planitiee maasures, accdanlal dRmuEsga charges, lwyer [0og wis. ol whalever
nabura dud B non-complance by Verdar in iz spope of he opclicatie slalulory Bews. ules, notlicalons ale

1, Forca Majsure:
In case Farce majoure & ealablished and one party informs (ke aber pomplly of such Scerrences, no inooaso in pricer gl § o any
daim: shal ks mads by the WVandor. In cage of wery prolorgped farce majgue condition The paties shall reilually discuss and agres o
e Twiune courses af eclisn

11, Dedwalion and panaltie:
a| The Company shall be anlilled o mcowar iom Yemdars, bils o8 oozl damagas, expanses wisch may hasg 1o mcur of become Rablo
i imcuf 3 o el of Vendords augligence or sy olher aclian ihat may anginale such cosl, charges, supenses eic.
bl In casie Vondaris bill amount is nol sulficient L couer suth recoveny amaunl ihe balance shall be desuse kem any sum which may
bacoans due 1o Vandor ai any §me thareafter under Bvs o anyother contrac! Vendor may hasi with us. Should This 5um - 358 Aol B8
sulficeant b goves the Tull amgund recovinadile, e s reser our ight 10 recewer e same o emiding Fallake inder e s,
£} 1 there is anvy delay i complalion of work on the pard of e Veador and o is any s ldery mease in dulies Naxes [ leves duing
the: periced of dolay. i such cases. (he difonentia) shal b on account of i Vendor, in case of [slure 1o @xecald the work wihin doe. |
ale. the work oicer awarded may b sulomatically canceled wiheul any ralerenco i Vandor and e secunly depcsit, © sy, shal ba
lorfnilnd
o Ay iignbivnsl detay or delay w10 impraper mobdizzion of man &ad mstenal for eioecuting 1he wark by Vendor ar ang
unpralesslanal aftude of Vender causing delay, penalty @ 1% of ihe contrac] vakis for pach weok ol delay shat be imposed subject jo
amaeimues ol W0% of the conmbract velug.
&} In tase of delay in compition of work due io reasans atbuiable i Vendor, Vender s il 1o pay e Squidated dasmages & 1% of
tha (oaal ondar valus sbove lor each compieied week ol delay or par: one of Gubjucied lo o masdmum of 0% fe |otsl order vaea.
1} In crs af ron-peramrancs foanlinisis poor perammances, e conirscl shall be iominsiod s The work, shall bagano by dllernats
Souece all Venconts cost ang k. If B price of cantmes ko he balance work shall bs higher, e addiional amousy ghall be recovemd
fenims Vendenks secunty depasit, il any, or any duss af this coniael or ARy BlRer contrac] 1al B Vindes may have lakeen in fhe
Campany.
gl The Vierder shall be sclely nesponsbds bar sy ko of damage io fha Campary property during S euwrsncy of Shis pockage dug
In nagigance, frud aic. on tha parl of their persanal and wil be (bl 1o maie te danages N good condlion, in ceee of avy Coampany
makenial 15 ol o damaged durng execubon of work dus Lo Vendor negigerss o wong warkmansip, s tos of the S3IMIC a5 par
pravvaling matdosd rate phus depanmantsl sepansas shall bo recovenid om VYencor Bills
h) Repealed acourences of penalscs may fead (o stem schons ncuting beminatisn ol conlrad and gaiting s job dons from allnmab
sores &l this visk snd cost of Vendos
i} Far any accden| dss b9 the neglgence of e Viendar! Vienduris deployed agancisiworkers or subViendors, fellowing panalies shail
e loviiad,
i Far Tatal accident - Rs. 5.00,0000-
IL For reportale accdend (Permanen digatiity) - Re 1000005

12. Assignmaent:

This canlrazt shall ba binding on and entuee i the benedl of the Cempany and Viendor a0t 1o theit respecig heirs, eculons,
BOMIUEIAINTS, guitesions Snd assigns, bul redther he Company ner the Vendor shal assign @5 FO or 8y pordion Inenmol, of fny
ELnighil or monay acoruing 1o il Bere under, withaul he vrillens covssng al the oiher pany, Hewesar, i is clarified had T Casmpany shall
assign this PO 1o Gny ol s Geoup Sompany(ies) withoul willen consent ol The Vendar
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Essar Pawer M. P. Limited +
E=ssar Powar M. P, Lirmibe EEEAH

‘Willage: Bandhora, Karsuglad VATALET NO : 23517306852

Tehsil - Waidhan-485B65 EET HO - 25637335053 WORK ORDER
Madhya Fradaesh, Inta. ELC MO . HIL
: K RE NG ANK CEIGINICS T WO NO: EPMPLISCUDG 10000261
ﬁ:u - 7508061 5401896602954 wppes gt
CiN: UAD1000L2005PLCI0BEY pus ND | AASICERDSSC DATE ! 26.08.2019

GET MO 2ADCERGC1LE

13. Torminatan of the conkract:
For iez=ons nof ooeered sl b conlrac documesd, 8 the Commel is i b eeminasd 7 (sosenjdays nofen shal Ba given by
tha Company. in such an avanbuality, (he seousity deposi, il any, and ouistanding payments, | any, may aso oo oreiled ol sole
discrelion of the Compamy. Howesner, § e Viendor desiros 1o guil the Conlras, Vender shal give X laasl 1 (omgjmon hifs nolice

14, Dispuie Selfiement
L Arbikplion ¥ arfses, shadl be msclved i azcordancs in fhae Indfan ArbiSmablon & Conaliatan Ak, 1956 23 amended kom Lme (o Ime,
i, This agreement being ewsouled al Mahan & the padies sgreed el @ny dispuis of difamsnces ansing oul of ths Bgreaman] woukl be
dae! 1o Fe parigchchion af ondy Manan oo

ETATUTORY COMPLAINCE ANNEKLIRE
The sEatulory and legal conditians shal be aoplicablz 1o all Iabor inlensse jous and e Yendor gnall have 1o sidelly sarmply wih ol o
clauses marionsd haraby,

1. Laibour Sck:
Vandor shall abide by @ prosisicn of conlmct labour [REA) act 1970 and ofor applcabla labour lasss and rules made theve under from
e la lime.

2, Labour License:
Nators commancemsn| of work, Yoerdor shall submil abou licerss {il spplcalibe) Fom compalant auihendy o he Comgany#s HR &
Acknwealiabon oilioar troagh EX.

3, Gabe Pass;
Belone sommaencermant of work, Venoor hag lo armnga gate pass for his workmen Inom Companyds MR & Aoministralion officer as per
EESARNs slandard o,

4, PF reglstration:
Balore commancemenl of work, Yerdor gl submil e Presiden Fund Rogsiaion N, s anaiss b recowel papsident kind amsnd
oo vages of all workmen and deposd fa he Prowdent jund aulhariiies and submit 2 copy of e same oy Ath of avary monin o the
Campemy#s HR & Admdcisiralion ofificer (reough BIC, In case Vander Tails 0 produce documgntary owadence of PF recoveery and
doposiagn, 1he Company wil arrange o deposil e same o he Provident fuid aulhoriies and the amaunt slong wilh ovachaads
AR will ba recovmned (rom e Vandora bil,

5. Warkmen Insuranca:
Berfore cmmsancmeenl of work, Varade ghall obeain Inpursnce policios wndar Group Parsonal Accdanl Policy & Worsmanss
Compensation Pokcy covering ampioymant accidenial beredi upho Rs. 4.0 facx through esch poficy {Iotal Rs. 8,00 bos ) end henish
the capiy of it b lhe Companyits HR & Sdminisieaiion aficor thicaigh ERC. by canse of son-g ubmession ol Pobicies balors star of work, &
% (Fiwe poroend] of e Manthly B# vaises shall be nefained by ESSAR uril he Vendar prasonts 1he cepy of Polcy desumant.

& ‘Wage Paymam:
Payment o Yendods wordmen shall be disbursed on or belans sevenih day of the wage padod ingredsnce ol the Compamds HR &
Agdminelralion allieer & EIC ar hair gy auhorized represenialive wivd shall ooty on B paymend sheotregister bor buifilmont of
priveiziom af love. In cose of felure b meke pegment b e wcekmen wisthin 07{3even] days alier wage patiod, the Company will armnga
Inr kabour payman] and thae amonl Along with overmeads @30% wilfsn recovened fram the Vendors bil

T. Bonws & Retrepchment:
Wendor shall have b pay ils workmen Ba hones as per appicahle acl. Moreover, retrenchmend benefits o workmen under inler Slale
Migrand Ae il baing netarchid dnall ba paid by Vangos,

8. Records, Reglster and Display Hotices:
Wian o s maintain stalulony megisters and necords as applicabic under wanous labor ews. Vendor musl dsplays nolices in front ol
his allica i Hindid English ps required under vanous laboue [Bea

9. Statukory Ralmbursamand:
Ay pagmueri againal alatulory cbiigalons. il sppicable and spece explicily under ESSARNY srope, such & PF, insurance aic. shall
be simbursad at aciual by the Company on producing docomentary evidence by Tie Vendor.

18, Lebaur Sirike:
Innase of bour sidkes, Vendor shall amarngs Iresh wadimen ard pediarm (ha conlract withoul any disconimuation. ¥ lsare s
dscarimunlion of waik, e conwect shal be eimenated Immedaity and Yendior wil be debared bo parkcipate in any hulumn bid in the
Company lor nest 05(Fe] years,

11, Cada of Canduci:
The Vendor sholl kenes T bolow e Compaoy's standand Code of Tonduc] I he Verda is lound wialsling (he gamd o inllvencang hi
Company siaft by any alfedngs or alhar incucemonis, Lhe canlrsct shail stand terminated wilk imenediale

12, Work Permit:
Wark on @ny equipment or in any area should ba slafed orly afeer ensuing valid peemil. Belone siading the work, Vendor shall sutimil
celolod wiik giogidm, mileslone of Slsrenl scowiog, salely & cuially Pam aed B0y SIhe releven] Jocurmanls redemed Tor ha woek o
e EIC for his aporoval, aller wihich wioek shall bestaried as per fhe aporosed program.

13, Taals & Tacklas:
Viendor will harve 1o procuce (Hiness lesi ostilicale of 28 Fing iools and tackies besng wmed by Fem fom any culside cornpelent pemon.

0N Pagn Tod 4
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Essar Power M. P. Limited +
Essar Power M. P. Limated EEEAFI
'I'HWZ EEI‘IZB'IIIE. Harguzal VATLET WO 23637105853
Tahsil - Waldhan-486835 CET MO - T3P 05883 WORK ORDER
Madhya Pradach, india. ECC HO - HL

5.TAX REG NOD : ARBCENCRGLSTO0! WD NO: EPMPLISCHGE10005281
E:a..' 7509061540/89660020954 = st E e 82
CIN : LACMDIOL2005PLC201961 pasi iD | AABCERMES CATE . 26.08.2018

G5T M 23ARECEGIBSC 1 2T

14, Vizhiciar
&l ihe vehickes (except use by specilic person) o be deployed by contacior shall be & lar usa in 2l respect. The Viehida must be
cammercinlly regisianed willi the local Iranspor subanily and musl carmy o galulory documonts all the Bme. Yehicle musl hawe

henswe imsrance palicy and Lhe dever musl have valid drving lioanse.

15, Lighbing:
Lighting a1 work site will be Vendorlls responshilty for which power supply of 220W will be provided By e Company freo of cosl Only
24 gigaply wil ba pareERd tor lighting in eanfingd apacag. Yandor hos 0 anduss aalabiily of Z200024Y iranslormars and Bk bor
Ihe pupose.

16, Haalth Salely AEnAvicenmadl Paliey
Wendor and his workmen shall abide by Heaith Szaifely & Emaronmen! rubes and regulalions of the Comaany. Any vioialion ol these
fidas ahafba vievead saniciely and Yandor gnal be penalized as par Company®s nik.

17. Labowr Heallh & Hygéene:
Wencor shaf hane to srdiuea peiodcal theaning & disposal ol wasle Iiom workars rescediiad colonias. Yandod imast ensue Lhe
hygezne, polabie drinking water and regular house keeping n his workers colony. Kon complance af lhe same would be wased
Eancushy by the company and sullabia action snull ba vlRlad 10 ensum propsr Thing condiinns. Duning Summsr lhis anco bepomes
vasry het and prone 1o he cases of dehydration. Vandor must ensure e provison of QRS deink 1o all The warkers guting summer

.. it Page Bl 0
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Essar Power M. P. Limited R
Eszsar Power M, P, Limiled EEEA H-i
Village: Bandhora. Karsustal WATILAT N1 - 235705853
Tahsil - Waldhan-186086 C5T NO ; 23537305853 WORK ORDER
Madhya Pradash, Indis. Eﬁ_ﬁ:‘:ﬁgfﬂ i o
E:;_THN’E1MD.‘H‘EEEE‘]EEH R-'-H-GE:HitH-iM ERLagC Wi NOD: EPMPLISCHBE10009261
M U011 000L2005PLCH 1881 P MO - ARBCSENEED OATE : 26.08.2019

GET MLk Z1AKACEMIGE LEZ

AMNNEXURE - CONTRACTUAL CLAUSES - LOW RISK THIRD PARTIES:
1. V2P ENGINEERIMNG SERVICES PRIVATE LI s and shall semasn an cimplionce with 26 refewan laws aaphcabds 1o the senices

|heishedt) shall perfomm wider s Agreemant incloding ol relevant and-comaplian |aws,

L NIP ENGINEERING SERVICES PRAATE LI shall nol, and nor shali any af s alfices, smplyess, sharcholders, reprosentalviss of
aganls FAseocisled Parties™) ciroclly or indimcily, gilher in private business dealings o o dealings with |he public ssdar, oile, give or
agree o olfar or gve [eBher isell or in sgreement with olhers) any payment, gl oF siar sdvamage dwhethar o nol by Lsieg ey
PR urder The Agreomant] with mespet W any makes which are Lhe subject of (his Agresmant which §) would vialats any
androomuption kres or rogulabons applcebie (o V2P ENGINEERING SERWCES PRIVATE Ui or [Companyl, i) is inmnded iz ce deoss,
influsncs &y person |o acl ar mevard any parson i acing in breach ofan expectation of good Taith, impakshly or s, or wich il
would atheredse be argropar ke e recieent o acoenl, (i) = mada tooor fof & Public Offiea! with Ine intenlion of influencing such a
Parenn A sblEAng ar refaining an acvandage in the cendust of business, or (vl which 3 rCasonatite paraon widd olherveie conster
to b unetrecal, ibegal or ingaopar,

1. Wishout prejudice Lo dawse [Tarminalion], s the event company Reascnably suspscks hare 15 have been a broach of Causesjink

Campptinn cautas] of iz agresment,[company masy lanminale hi Agresmen] immediale ' H ninlien i weitiag 18 e VAP
EMGINEERING SERVICEE PRIVATE LI e e

—eagr ol 9
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5.No. Particulars Quanti
| 1 |Tn1:5[Auh spillage from Cell-3 %uuu
i Anticipated quantity of soll mixed with ash 30000
I 3___|Total quantity to be collectad 100000
= Total
4 |Ash collaction details Quantity | QUANUtY pertnp | o ity
(T MT)
a Ash collectien fram manual filled bags 23326 0.02 467
b Agh eallection from Traciors with froley 12241 2 24482
[ Azh collection fram Dumpars 2485 5] 14 TG0
Tofal Ash Colection (MT) 39739
b ] Completion 30 T8
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Annexure 2¢

Rainfall data August & Sept 2019

9/ 10 8¢ abed

RAINFALL DATA FOR MONTH OF AUG-18
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LTI 9/ 10 6¢ abed

AVERAGE RAINFALL FOR THE MONTH OF SEP-10
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Power Club- EPMPL- Mahan

Annexure 3a

Tt/ 227

Do
LEvT
To:

Xx:

Zufqeyt:
ATTOY T EE VT

Dear Mr. Sharma,

h.bhenwamfneen.res.in on behalf of Hemant Bhernwani =h.bhanvansnesi rea in=

26 Sapiember 2018 11:02

ﬁr':‘r;;ﬂﬂhh Suragingh C- EPMPL- Technical Sevices & MTF; Sharma M K - COO-EPMPL-
2idhan

Fajdohen, T- EPOIL - Mum; Saran, Jay Shankar- EPMPL-HSEAF- Mehan

Ra: FW: RFO_Emvironmental Sludy

Proposal for Environmentzl Cemage Cosl Assessment, padf

Please find anached our proposal for your kind perusal. Apologies for the delay. was travelling heavily during

pasi few days.

Please feel free to get back to me in case yvou have any queries.

Kind regards

Hemant

On 09724719 10:13 AM, "Somvanshi, Surajsingh C- EPMPL- Technical Services & MTP"
<surgisingh. Somvanshif@essarpower.co.in> wrote:

Ce=zr Mr Hemant

Thanks for considering our request and taking out tims from your pre occupied schedule to visit our site on 18" Sep.

We had nice and informative interaction during the wisit and few soil and ground water samples were takan by you from
v wicinity for testing, you may share preliminary assessment of the same.

Page 41 of 76

Further please share the way ferward including visit schedule and tentative timelines for fingl reports on the acope

discussad,

Thanks and Regards

Suray Singh

Thanks & Regards

Surajsingh Somvanahl | Dy, General Mansger | Essar Powar M. Lid. |
Essar Power MP Lid-Mahan Power, Village - Bandhora, Post-Karsualal, Tehsil-Mada, Dist-Singraull Wekfhan-486886 | Madivya

Pradesh | Indla |

T +91 2528905310 | +7 28 2211 | +91 B350 02554 Ext. - 2383 |
E Suraigingh. Somvanshiflessarpower, co,.m | Wivw, @s53ar.com |

&4 Please don't print this e-mail unless you really need to.




Disclaimer:

Thiz email i gabject te 3 disclaimern, pleass click on tha feflowing link oF cul and paese The Bk inlo the address bar of your browaer
< g e essar comiamall discaimerhimil =

From: Sharma M K - COO-EPMPL-Waidhan

Sent: 16 September 2009 16:47

Tuo: Singh, Rajesh - EPMPL - HRE, IR & Admin {MUM)

Ce: Sutradhar, S. - EPMPL (Tori); Somvanshi, Surajsingh C- EPMPL- Technical Services & MTP; Shetty,
Maveen - EPHL - MUM; Rajhohan, T - EPOcL - Mum

Subject: FW: RFQ Environmental Study

Dear Rajesh,
Pleass arrange for the hckats and othvar rakatad things as par tralling maid),
Regards,

MK SHARMA

Thanks & Regards
M K Sharma | Cheel Dperating Officer-C00 EPMPL | Essar Power M.P. Lid. |

Village Bandhora, Past Karsualal, Tehsil Mads, Dist. - Singrauli,Waidhan-486386 | Madhya Pradash | India |
T +B81 8959233777 | +91 966902954 Exin. - 2005 VolP 728 2005 |

E Mameciumar. Sharmaiessarpower.coin | Www, es3ar.com |

& Please don't print this e-mail unless you really need to.

Disclaimear:

This gemall is subjec! o o disdaimer, please cidk on the following link or ¢uf and pasis e ok inlo e address bar of yoor browser
= hiflip e e pir el dncisinar himl =

From: hbherwanif@neeri.res.in [mailto:h, bherwaniéineen.res.in]

Sent: 16 September 2019 16:38

To: Sharma M K - COO-EPMPL-Waidhan

Ce: directonfinest.res.in; Sharma, Pankaj- EPMPL~ Purchase-Mahan;, Somvanshi, Surajsingh C- EPMPL-
Technical Services & MTP; RajMohan, T - EPOrL - Mum; Sutradhar, 5. - EPMPL {Tori); Sherty, Maveen -
EPHL - MUM; lakshmikant TSl [E5. 11

Subject: RE: RFQ_Environmental Study

s /227
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Dear Mr. Sharma,

Yes, the dates are confirmed. Please see that the flights are as suggested in my email becanse they are
convenient to us and give us sufficient ime at site.

Kind regards

Hesmant

From: Sharma M K - COO-EPMPL-Waidhan <Manojkumar. Sharmafflessarpower.co.iin=
Sent: 16 September 2019 16:05

To: h.bherwanif@neer.res.in
Ce: dircetopfeineerires.in, Sharma, Pankaj- EFMPL- Purchase-Mahan <Pankaj. Sharma2i@essarpower.co.in=;

Somvanshi, Surajsingh C- EPMPL- Technical Services & MTP <Surajsingh. Somvanzhiffessampower.co.in>;
Rajdohan, T - EPOrL - Muwmn <Rajmohan TEessarpower.co.in>; Sutradhar, 8. - EPMPL (Tori)
<Siddhartha. Sutradharfliessirpower.co.in=; Shetty, Maveen - EPHL - MUM

<Maveen.Shetly I irless WET. 00, in=

Subject: RE: RFQ Environmental Study

Dear Mr. Hemant Bherwani,

Ve gre ok with the dates suggested by you.

Ve will be arranging for ickels as menbioned below alter your confirmation please.
Regards,

MK SHARMA

Thanks & Regards
M K Sharma | Chief Operating Officer-CO0 EPMPL | Essar Powsr M.P. Lid, |

Village Bandhora, Post Karsualal, Tehs# Mada, Dist. - Singraull,Wasdhan-4B6E8E | Madhya Pradesh | ndia |
T =891 4984233777 | +81 BOEE902954 Exdn, - 2005 VolP 729 2005 |

E Manojkumar Sharmaffessarpower.co.in | Witk 8ss5ar.corm | y
: Y

16/ 227
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i Please don't print this e-mail unless you really need to.

Disclaimer:
Thiz smail is subject b0 & disclaimer, please ciick on he followirg ink or cul ard pasia the ink. inéa the address bar of your broeser.

From: h.bherwanif@ineeri.res in [mailto:h bherwaniigneeri.res.in|
Sent: 16 September 2019 12:35

To: Sharma M K - COO-EPMPL-Waidhan
Ce: directorigneeri.res.in, 'Lakshmikanthan P°; Sharma, Pankaj- EPMPL- Purchase-Mahan
Subject: RE: RFQ_Environmental Study

Dear Mr. M K Sharnma,

As discussed, me and my colleague D, Lakshmikanthan, would like to visil your facility and contaminated
site before finalising the proposal. Following dates and flights are suggested for your kind perusal and
necessary aclion.

1. Magpur to Varanasi dated 18" September 2019

2. Varanasi to Nagpur dated 20" September 2019

Request your o kindly arrange the Might tickels, travel from Varanasi 1o your plant along with retum and
accommuodation for both of us.

Pleasa feel free to get back to us for any querics.

Kind regards W

1 /227
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Hemant

Hemant Bhanwani § BEE @]
Selentist | FAFE,

Director's Research Cell / FIGUIE SIHUT g

Certre of Stategic Urtan Management { 91T sl wive &5

CEIR-Mational Environmenial Engineering Research Instilute,
T AT T R R,

Mehru Marg, Nagpur - 440 020 [Maharashira] india

Hgwn, A - 440 020 [WERIF] 4T

Mobile HTETR+81.00088-048-515,

From: Sharma, Pankaj- EPMPL- Purchase-Mahan <Papkai.Sha
Sent: 11 September 2019 10:52
To: h.bherwanifneer res.in

Ce: directorf@neeri.res.in; Sharma M K - COO-EPMPL-Waidhan <Manoikumar, Sharmaiilessarpower.co. in™;
Sharma, Pankaj- EPMPL- Purchase-Mahan <Pankai. Shamma2 @essarpower.co. in>
Subject: FW; RFQ_Ervironmental Study

Dear Sir,
Az discussed today, we are lopking forward for your confirmation iowards initial visit at site al earliest,
Request you fo please confirm tentative dales, sa that logistes may be arranged.

As confirmed by you, please also send your preliminary offer by today EOD.

e

Wiith regands,

1B/ 227
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Pankaj Sharma

Thanks & Regards,

PankajSharma | S5r. Manager - Purchase | Essar Power MP, Lid. |

Esaar Power MP Lid-Mehan Power, Village - Bandhoca, Post-Karsuatal, Tehsil-Mada, Dist-Singrauli, Waidhan-488838 | Madhya
Pradesh | India |

T +51 Bosbesi 713 | +21 B08 59020954 Ed, ; 111?|

E Panka] Sharmal @essarpowerco.in | wwiw.essar.com |

5 Please don't print this e-mail unless you really need to.

—_— e ' — e e — e

Disclaimer:
This amai is subpec! 10 3 Siaclaimar, plaace cick on Pe nlowng ink o ol and fasss The ink o the address bar of your Browesar.
= hipcitwese casarpomipmail digclaimes bl =

From: Somvanshi, Surajsingh C- EFMPL- Technical Services & MTP

Sent: Tuesday, September 3, 2009 959 AM

Ta: hbherwani@nesri.res.in

Ce: directorf@ineeri res.in; Sharma M K - COO-EPMPL-Waidhan; Sharma, Pankaj- EPMPL- Purchase-Mahan
Subject: FW: RFQ_ Environmental Study

Daar Sir,
Riefar trailing email communication for offering a techna commercial quote for the environmental study
As gasired please find attached fiy ash iest reports and Longitude Lafitude of the effected area as required

23 998170, B2415844
23906002, 82415649
23.893257, B2.43456

23.98165, 82431338

Requesting for your best affer in this regards af the earliest

.

/227
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Regards

Sura| Singh

Thanks & Regards

Surajsingh Somvenshi | Dy. General Manager | Essar Power MP. Lid. |

Eszar Power MP Lid-Mahan Powar, Village - Bardhora, Post-Karsualal, Tehsil-Mada, Dist-Siigeandi, Waidhan-488836 | Madhya
Pradesh | India |

T +81 9926805318 | +7 29 2211 | +81 BPSES 02054 Exd. © 2393 |

E Surajsingh Somvanshiffessarpower.co in | Wb 85580 G0 |

g5 Please don't print this e-mail unless you really need to.

Disclaimer:

This email & subjact 1o & dissiaimes, please dick on 1n following link or cut and. pasie B8 ik inlo @ 3doress bar of your browser,
< it ey, 255 comismal_disclemer iml s

From: Sharma, Pankaj- EPMPL- Purchase-Mahan

Sent: 29 August 2019 13:09

To: hbherwani@neeri.res.in

Ce: directorfneeri.res.in; Sharma M K - COO-EPMPL-Waidhan; Somvanshi, Surajsingh C- EPMPL-
Technical Services & MTP

Subject: FW: RFQ_Environmental Study

Page 47 of 76

Dazar Sir,
We are wailing for your best offer for below malter,

Ifyou have any query, you may please revert vis email

With regards,

Pankaj Sharma

Thanks & Regards,
PankajSharma | Sr. Manager — Purchase | Essar Power M.P. Lid, | M



Essar Power MP Ltd-Mahan Power, Village - Bandhora, Fost-Earsualal, Tehsil-Mada, Dist-Singeaull, Waidhan-486886 | Madhya
Pradeagh | ndia |

T +21 BO5E5S1713 | +#91 896 GO02954 Ext. - 2117 |

E Pankal Sharma2@essarpower.co.n | wivw.essar,corm |

&= Please don't print this e-mail unless you really need to.

Disclaimer:

This el is subjecl o & disclainer, please chick on T2 foliwing I of cul and pasie the link nto Ihe address bar of your brosser.
< hitpclveww os5Rr comfpmal iscialmes him >

From: Sharma, Pankaj- EPMPL- Purchase-Mahan
Sent: Monday; August 26, 2019 9:29 AM

To: direciaon@nesriresin’

Subject: FW: RFQ) Environmental Study

Dear Sir,

Gentle reminder. .. we are waiting for your best offer for below matter,

With regards,

Fankaj Sharma

From: Sharma. Pankaj- EPMPL- Purchase-Mahan
Sent: Wednesday, August 21, 2019 3:12 PM

To: 'direciorfineerires.in’

Subject: RF(Q Environmental Study

Diear Sir,
This has referenca to our felecon on Environmental Impact Study to ba camed at our site.

We are operating 8 600x2 MW Coal besed power plant at Singrauli District of Madhya Predesh. Both of our units are
commissioned howeaver we have baen operaling with very less capaclly (appros. 25% only) mainly due o less coal
availability. A dedicated Ash Bund has been constructed on anound 87 Ha of acguired land ouiside piant boundary for
storage of gsh. This Ash is in form of High Concentration Shurry Discharge (HCSD) which is having 35% water only.

R

1 /227

Page 48 of 76



On ™™ Aug 19 some portion of dyke wall of ash bund {which was not in use) got partially breached. The rains was aiso
happeaning that time so due o conditions, some ash got spread in surrounding area outside the boundary of ash dyke
mgjarity of which (= also the land acquired by company only.

12/227

We wanted to conduct a study of the guantum of environmantal damaga caused due fo the ash in nearby area by expeart
agency.

Henoe requesting to provide a lechno-commencial offer for the sarme

Further pleasa Include following with the offar;
1. Methodology of the study

2. Time duration for assessment and submission of repors.
3. Reference list and some samples of simitar studies conducied elsewhers.

Please da et us know if anything further required from our end and arrange for your offer &t the earliest

With regards,

Panka| Sharma
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p——
Saran, Jay Shanker- EPMPL-HSE&F- Mahan
From: Shivang Agarwal <shivangagarwal@ten resins
Sent; hMonday, September 2, 2019 634 P
To: Somvanshi, Suragsingh C- EPMPL- Technical Seovices & MTP
Ce: R Suresh; Ved Prakash Sharma
Subject: RE: Priliminary wisit estimate cost

Dear Mr. Suraj,
Due ta some work emergency, | wont be available till 10" September'19, so kindly see if its possible to book ticket for
11™ or anytime after 11" September'19,

Regards,

Shivang Agarwal

Project Associate

Contre for Environmental Studies
The Energy and Resources [nstitute
Mok +91-B800554457

Froem: Ved Prakazh Sharma cvpsharmai@beri resins
Sent: Thursday, August 29, 2019 4:59:79 P

To: scsomvanshi@essar.com <scsomvanshi@essar.com:
Cez R Suresh <sureshri@terires.ine; Shivang Agarwal <shivang.agarwali@teri resin=>
Subject: Priliminary visil eslimate cost

Page 50 of 76

(rear Mr, Suraj,
Further to our telecom on preliminary visit of TERI team to Essar premises for proposed study; this is to inform that we
are two persons who have planned to visit next week. As you need official formalities for this approval; please arrange

Air tickets Delhi to VYaranasi and back along with vehicle pick up and drop from Yaransi to Siegraull. Accordingly, lodging and
boarding would have to be arangad for 2-3 days ag per our schedule. We intend 1o star o visil on Monday and retum by
Wiednesday, Details of persons who soould visi your plan) jre a5 wnded

M “ed Prakash Shama 48%rs  Manager
s Shivang Aganaal Xiwrs  Project assodale

Looking fonwand your response
Bast regards

Wed Prakash Sharma

iscla:imer : The information contained in this e-mail and any attachments is intended for the person or
entity to which it is addressed, and it may contain confidential andfor privileged material. Any review or other
use of this e-mail or taking any action based on it by persans or entities other than the intended recipient is
strictly prohibited, If you reecive this e-mail by mistake, please contact the sender, and delete all copies of this
mail. This e-mail has been scanned and verified by M3 Office 365 mail protection.



Annexure 4a

Project Proposal

Environmental Damage Cost Assessment due to
Spillage of Ash at Essar Mahan Power Ltd.,
Waidhan, Madhya Pradesh

Submitted to

ESSAR Power M.P. Ltd., Waidhan, Madhya Pradesh

CSIR- National Environmental Engineering Research Institute (NEERI)

September, 2019
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Environmental Damage cost assessment due to ash breaching from ash bund at dﬂ?
Essar Power M.P. Ltd., Waidhan, Madhya Pradesh

NEER!
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Environmental Damage cost assessment due to ash breaching from ash bund at W
Essar Power M.P. Ltd., Waidhan, Madhya Pradesh NEEE

1.0 Introduction

Essar Power Ltd is one of India’s largest private sector power producers with over 20 years of
experience in this field. It owns power plants not only in India but in Canada as well and has
a total planned generation capacity of about 5,000 MW, of which about 4000 MW is
operational. Of the total operational capacity, about 2,800 MW is coal-based, while 1,000 MW
is gas-based. In India, the operational plants are at Mahan in MP, Hazira and Salaya in Gujarat,
and Paradip in Odisha, while in Canada, there is one operational plant in Algoma. A 1,200 MW

coal-based power plant at Tori in Jharkhand state is under development.

Essar Mahan Power (MP) plant has stable operation since 2012 when the unit 1 was
commissioned. Unit 2 with the same capacity of 600MW was commissioned in 2017. Essar
Power Ltd built the plant, which is located in Madhya Pradesh’s Singrauli district, at a cost of
more than Rs 8,000 crore. It requires approximately 5.5 million tonnes of domestic coal per
year to generate full load. Currently the plant operates at about 25% to 30% of its capacity

due to limited coal supply.

Being a thermal power plant, lot of ash is produced which is stored in ash ponds. The ash pond
of thermal power plant consists of ash in the form of High Concentration Slurry Disposal
(HCSD). Coal ash typically contains heavy metals including arsenic, lead, mercury, cadmium,
chromium and selenium, as well as aluminum, antimony, barium, beryllium, boron, chlorine,
cobalt, manganese, molybdenum, nickel, thallium, vanadium, and zinc. Many of these
elements are highly toxic to human and other life. Spillage of coal ash can also cause the

pollution of waterways, drinking water, air and soil.

Fly ash spillage was reported on 7t of August from Essar’s coal thermal power plant due to
the breaching of dyke wall. In order to do valuation of environmental damage cost for the
above-mentioned impacts, exact impact caused due to the spillage needs to be analyzed. The
detailing with respect to quantification of environmental damage of ash spillage is given in
subsequent sections. CSIR-NEERI team conducted an initial survey and sample collection on
18t to 20t of September 2019 based on which the proposal is prepared. The location of the

spillage and company area is shown in the figure 1 below:
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Environmental Damage cost assessment due to ash breaching from ash bund at '
Essar Power M.P. Ltd., Waidhan, Madhya Pradesh NEERS

Figure 1 : Location of Ash Pond near Power Plant

2.0 Scope of the Study

The main objective is to study the environmental damage cost incurred due spillage of coal

ash at Essar power area located at Waidhan, Madhya Pradesh.
The study is divided into two parts:

Part 1. Demarcation of the contaminated site and analysis of suitable samples for

contamination
Part 2. Environmental damage cost assessment due to spillage of ash

3.0 Stages of the Study:

e Delineation of Study Area: Area of source of contamination shall be analyzed in detail

in order to ascertain the number of samples required to understand the impact of ash
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Environmental Damage cost assessment due to ash breaching from ash bund at W
Essar Power M.P. Ltd., Waidhan, Madhya Pradesh NEEE

contamination. Remote sensing tools and ArcGIS will be used to create digital
elevation model and drainage map of the region to understand the possible flow of

contaminants.

Finalization of Parameters and Sampling: Radial boundaries shall be marked based on
drainage patterns of the region to finalize the number of samples. Soil and water

samples shall be collected based on requirement.

Laboratory Assessment: The soil and water samples shall be analyzed along with virgin
ash samples to understand the contamination. Heavy metals leaching would be
analyzed in soil samples, if any. Physico-chemical parameters along with heavy metals
shall be analyzed in the water samples. Baseline analysis shall also be done with

multiple samples.

Multiple Sampling: The restoration process of spilled ash is ongoing on the site. Hence
multiple sampling including and pre and post remediation shall be done in order to

understand the change in concentration of contamination

Damage Assessment: Based on assessment of samples, available literature and
methodologies for damage cost assessment shall be used to determine the monetary

damages.

Remediation: Based on assessments, remedial action plan shall be suggested for the

contaminated area.

4.0 Valuation Methodology

1

Soil pollution: Spillage of ash on nearby land area of pond may cause deposition of
layers of ash on soil. To evaluate the impact on the affected land, soil monitoring shall
be carried out in and around the site of spillage. Heavy metal analysis, fertility loss may
also be considered to estimate the monetary damage due to soil pollution. The
damage cost due to contaminated soil shall be estimated using benefits

transfer/avoided cost methodology.
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Essar Power M.P. Ltd., Waidhan, Madhya Pradesh

Environmental Damage cost assessment due to ash breaching from ash bund at @

NEER!

2. Ground and surface water pollution:

Due to the occurrence of heavy rainfall after and at the time of incident leachate
generated from the ash slurry is directly subjected to the open land, which has a
tendency to percolate and reach the nearby water bodies. The harmful metal
concentrations in leachate can cause considerable impacts on human health and
agriculture in addition to the aquatic life. Water quality testing of nearby ground and
surface water sources will be carried out to analyze the level of pollution. The
concentration value, breaching the standards, will be determined and resulting
environmental damage will be estimated using control cost methodology linking all
the environmental values/indices. Where costs are quantified on the basis of the cost
of one pollutant coupled with linked environmental values. Both environmental and
health effects are covered by the study.

Miscellaneous impacts: If in the detailed site study other miscellaneous impacts such

as vegetation, life loss etc. are identified, corresponding monetary value associated
with the impact shall be quantified using market price method or shadow pricing

method.

4.0 Total Study Duration: 06 (Six) Months from the receipt of first instalment.

First Report on Initial Sampling: Two Months
Final Report on Second Sampling: Three Months
Final report based on Comments: One Month

5.0 Total Budget for the Study: Rupees 21.2 Lakhs + GST (Twenty-One Lakh

Twenty Thousand +GST) Budget breakup is given as follows along with its

justification

Sl. No Breakup Description Cost (Rs in Lakhs)
1 Manpower 5.0
2 Travel 4.0
3 Chemical & Consumables 6.2
4 Contingency 2.5
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Environmental Damage cost assessment due to ash breaching from ash bund at @

Essar Power M.P. Ltd., Waidhan, Madhya Pradesh NEEE

Institute Fee (20% ) 3.5
Total 21.2
GST As applicable

1. Manpower: Permanent and temporary manpower will be required to do a site survey,
collect and analyze samples, conduct the economic survey, conduct modeling (if

required), carry out a questionnaire survey and damage cost assessment exercise.

2. Travel: Travel from Nagpur will be required to carry out preliminary studies and

survey.

3. Chemicals & Consumables: For the purpose of sampling and heavy metal analysis,

chemicals and consumables will be needed.
4. Contingency: Towards miscellaneous and unforeseen expenses.

5. Institute Fees: Includes overheads, utilities and consultancy charges.
6.0 Payment Terms:

1. 50% advance with the award of the project
2. 30% post submission of the draft project report

3. 20% on submission of the final report.

7.0 Support from Essar Team
e Provide any past record of soil, fly ash and groundwater quality
e Provide groundwater table details

e Provide details of bore wells, open wells, dig wells, hand pumps for sampling in
the defined study area

e Provide details about area which got contaminated.
Further, the following assistance to visiting CSIR-NEERI staff may be provided

e Accommodation for NEERI staff during the visit
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Environmental Damage cost assessment due to ash breaching from ash bund at W
Essar Power M.P. Ltd., Waidhan, Madhya Pradesh NEEE

e Local transport facility

e A senior technical staff for data collection and coordination

8.0 About CSIR-NEERI

CSIR-NEERI is the premier research institute dealing in environmental science and
engineering in India. The institute comprises research departments dealing with various
components of environment. The role of the institute is to provide scientific and technical
information and services to the various authorities and industries and promote planning,
policy and management strategy for the regional environmental efforts in India as well as
overseas. More than 300 scientific and technical staff members make CSIR-NEERI a highly
qualified partner contributing analytical facilities and extensive knowledge on various

aspects of environment.

Among the various environmental domains, the institute is dealing with the research and
development of better and scientific water and wastewater management practices, for
more than four decades. The primary focus of the water and wastewater management has
been shifting over the years from treatment to reuse, and recycle in recent years. The
Institute has expertise and research capabilities in following domains of the Sewage and
MSW management.

> Sewage treatment plants design, construction and commissioning

> Integrated hydrogeological and modelling studies for water resources
management including storm water management and groundwater recharge
Industrial wastewater management plan
Chemo-de-fluoridation household units

Solar energy based electrolytic de-fluoridation plants

vV V V V

Wise water management system for Ashrams (residential schools) and
households

Constructed Wetlands Technology for sewage treatment

Comprehensive Municipal Solid Waste Management (MSWM)

Environmental Impact Assessment (EIA)

Y V VYV V

Assessment of groundwater and soil quality
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Environmental Damage cost assessment due to ash breaching from ash bund at A

Essar Power M.P. Ltd., Waidhan, Madhya Pradesh NEER!

> Strategic Urban Environmental Management

9.0 Some Examples of Studies related to Economic Evaluation:

1. Ecosystem Services Valuation of Mangroves of Andamans vis-vis impacts of climate

change

2. Damage cost assessment due to additional pollution caused by Volkswagen vehicles

R -~
liveIIRLNEY
In 316 inthe peitonal capls

*Estimated cost of heath dainepe due o additionad MOx
emizsicns from the Vokswagen o vebides = approximately
£ 17 1204 croee using & metro oty Le Delbd os 2 bawe The valoe
ray be conskdered copserastive o= 1o lack of 1 .r_r"nhf-ll,;:.EIr-,
Eor calculating the overall imgeact of nitrogen guide on
eriiramment b Indla arad heda= ol bealth da i ped are

valiged

"Furkliet the raluntion i o Dells cizy connaleving that the
viilioe il 0w e 495 tosmnrs @ rebeaied Lk tse eley, This 18
fesiiiiied breause lack of deta o tlee pecgraphical s atiois anil
[lykig reglens ol Yalkw bEeE vt i kel have eduaed the

EAmREE AR [mr &l the vears wihdek bvve been eonalclared Jop

ISkinagi, e porenemidel e This alsd Wy ors £

"'.||||.:,:"||u-.|||r §& A§ Soeindag el bosadir |8 ked vo hieart and

lung discase,

The bse-member jame] comprised AR director Raslunl
Urdirpareshe; Dr MNitin Labtscrtwrar, wio is cnied scisntist ol
CSIT - KERRL R amebort Singh direcear, Miniviry of Hemswy

[ndustriesand Prashant Cargeres, memiser secretary of CPEH.

Thir pare] was formed by the NGT o Moeember 16 Last year to

EIVE LT Xt il o O the sulbjor whether e

niantfacouter has exioeded the presaribed errnmerntal

rormne and fale estimane -'.E{ carpsed Tethe

EFYLEQI T

3. Damage cost assessment due to breach of discharge standards by Vapi CETP for river

Daman-Ganga
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Environmental Damage cost assessment due to ash breaching from ash bund at
Essar Power M.P. Ltd., Waidhan, Madhya Pradesh

@ NEER!

GREEN WATCHDOG'S WRATH

NCT's DIRECTIONS

» Form a fve-member cormmittee to » GPCB has not taken
assess damage and cost of stringent action that can
erndronment remedsation in Vapé deter paliution norm
Erveyre CETP and industriad urits are violations. Simply ssung
held accoumtalie noticns Isas not Brought
» GPCB should consder exercisng about the desinod resuts
s statutory powers of prasecution » p > An impection team with
» CPCB and GPCE shoud undertake . ' GPCB, CPCB and Vapi CETP
surveitance of CETPS and subymit st g, W w7~ representatives on January 3
reports 10 the NGT every three > : found fraquent violations of
months » Three-member committee to m?‘;m Outiet norms In Yaph
» CPCS to conduct performance recammend guidelines for better > Vap CETP operator
axdits of all state poltution control functioning of SPCBs and to bring alr | and industrial units have
baards (SPC8) and poliution control | and water quality inpallutedareas | failed to comply with
Committess (PCC) within i months | within the prescribed imits envirnmental norms
Dy constituting expedt inspection » The committee to suggest ’msaw
teams - measures and noems to be adopted, | Tallure i the functioning of
> Three-member committee of including recovery of damagss, CETPs In the country
CPCB, NEERI and MOEF to roview presecution of afienders, > State pollution control
functioning of CETPS In the country remediation of contaminated and boards (SPCBS) are unake
anvd suggest modsfications dagraded stes to appeint qualified,
impartial and politicaty
Large units [iMedium unitsll Small units neutral persars of high
lerore | 50 k0 ‘ 125 takh standing to crucial
each each each regulatory posts

»  Apartfrom above, NEERI has been asked to conduct environmental damage cost

assessment for Bhandwari dumpsite by CPCB and another dumpsite in Port Blair

by Andamans and Nicobar Pollution Protection Committee.
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Saran, Jﬂ Shanker- EPMPL-HSE&F- Mahan
From: Sharma, Pankaj- EPMPL- Purchase-Mahan
Sont: Monday, August 26, 2019 503 PM
Tac AMIT PRASAD
Cec: nrpatra@iitk.acin; aprasad@iitk.acin; Sharma M K - COO-EPM PL-Waidhan; Sutradhar, 5.
. EPMPL (Toril; Somvanshi, Surajsingh C- EPMPL- Technical Services B MTF; Singh,
Lallan - EXT - EPIL - Civil Exacution - HAZ: Tomar, Gaurav - EPMPL - Waidhan
Subject FW: INDIAN INSTITUTE OF TECHMOLOGY
Attachments: Proforma Invoice and letter for site visit.
Importance: High
Dear Sir,
Plaass find below the UTR details for the payment done against enclosed Pl and our communication.
Pleasa canfirm the receipt of same
Kindly eonfirm your earliast visit schedule.
ICIC| Bank Advice Receipt
Dte 26 ALy 2018, 17 40 56
©
N~
©
Trergaciss [tais ~—
©
IN30E004129 )
(@]
OE-16-201% Q“_S

1.45.004,.00

(= 10T

SMEDDESS IS5 2041 BONDOTITE

&, | Subwmission | Vendor Mame of Vendor Amount (Doec | Currency Hald dirnauint by Hank
Mo, Date Cinthe Cuirr] Amount Cash f ATGS Pay e
{ToS) iRs.) vouch:
Mo, (K
1 | 26.08.2018 | 16B717 [ INDIAN INE-W_EGFTEEHNGLDE? 747,500 | INR 12,500 155,000
With regards,
Pankaj Sharma

Thanks & Regards,

Panka] Sharma | 5¢, Manager — Purchasa | Essar Pewer M.P. Lid |

Essar Power MP Lid-Mahan Power, Village - Bandhora, Post-Karsualal, Tehsil-Mada, Dist-Singraull Waldhan-483886 | Madhya
Pradesh | Inda |

T +81 BRS9S91713 | +07 896 S002054 Exl. - 2117 |

E Panka|. SharmaZifessarpower co.in | www essarcom |
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Saran, Ja: Shanker- EPMPL-HSE&F- Mahan

From: AMIT PRASAD caprasad@iiti peins
Sent: Thursday, August 22, 2019 628 PM
To: Sharma M K - COO-EPMPL-Waidhan; Sutradhar, S, - EPMPL (Tari); Sharma, Pankaj-

EPMPL- Purchase-Mahan; Somvanshi, Surajsingh C- EPMPL- Technical Services & MTP:
Singh, Lallan - EXT - EPIL - Civil Execution - HAZ

Ce: nrpatra@iitk.acin; aprasadd@iitk.acin
Subject: Proforma Invoice and letter for site visit.
Attachments: Proforma lnvoice and letter paf, GST_Registration_Certificate_dord_office. pdf,

5BI_Bank_Detail_Current pdf

Dear Sir,

WWfith reference lo your email to Prof. N.R Patra, please find attached proforma invoice regarding site visit “to conduct the
study for ash dyke and its strengthening requirements” at Essar Pawer M.P. Lid B00x? MW coal based power plant at
Singrauli District of Madhya Pradesh”

Please transfer the amount of Rs. 1,47 500/- by tomorrow for the registration at IIT Kanpur The detajls of GST and bank
cetails for onling transfer has been attached with this mail

Itis proposed to have sile visit on August 27th, 2018  You may book tickets and taxi from IIT Kanpur for our jousmey on
August 26, 2018 (After SPM)

Thank yau

Regards
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AMIT PRASAD

TECHNICAL SUPERINTENDENT
GEOTECHMNICAL ENGINEERING LABORATORY
CIVIL ENGINEERING

LI T KANPUR

Phone - +81-8454741722{M),

0512-259-T724(0)

R Forwarded Massage ———-—--

= Bubject Re: FW: Enquiry for Technical Study

> Date: Thu, 22 Aug 2019 12:28:22 +0530

= From Dr. Nihar Ranjan Patra <nrpatraiitk.ac.in=

=Ta: Sharma M K - COO-EPMPL-Waidhan <Manojkumar. Sharmafessarmower.co. in>
CC:  head_ce@iitk.ac.in <head_ce@iitk ac.in>, Sutradhar, 5. - EPMPL {Tori)
<Siddhartha. Sulradhar@essarpower oo >, Sharma, Fankaj- EPMPL-
Purchasa-Mahan <Panka). Sharma2@essarpower.co.in>, Somvanshi, Surajsingh C-
EPMPL- Technical Services & MTP

= =Surajsingh Somvanshi@essarpower co.in>, RajMohan, T - EPOrL - Mum
=Ragmohan, T@essarpower.co.in>, Singh, Lallan - EXT - ERJL - Civil

Execution - HAZ <Lallan. Singhi@acerinox.co.in>, Dr. Nihar Ranjan Patra
=nrpafrai@iitk. ac in>, snk@itk ac.in

= Dear Sharma Ji,

> Wi will taka up this job, Will communicate you

* 500N regarding thesite visit

= Regards

= Smceraly

= Mikar



5

R A R R ik e a e b b SR D St bt

> Dr. Nihar Ranjan Patra Professar

= Office: #3186, Faculty Building

= Departmeant of Civil Enginearmng

= [IT Kanpur, India-208015

= E mailnrpatrai@iitk ac.in

* Phone +51-512-2597623{0),+B1-512-2588226(R)

= Feoe+91-512-25973495

RN R T B B A A A e S e s S S R P Lt el

= Qn 22-08-2019 12:30, Sharma M K - COO-EPMPL-Waidhan wrote:

== *Daar Or. Mhar Ranjan Paira,”

e -

== || was nice Lalking to you over phong, As explained We are operating a
G00x2 MW Coal basad power plant at Singrauli District of Madhya Pradesh
and wanted to conduct the study for our ash dyke and its strengthening
requirements if any. In this regard the maii was sent yesterday to Dr.
Sachidananda Tripathi also bul since he is out of station the same

trailing mail | am forwarding to you for necessary take up of job
accardngly,

== Request you to send the offer for the sald job so that it may be faken
up accordingly and the site visit may be arranged at the earliest Regards,
>= "MK SHARMA®

== Thanks & Regands

== M K Sharma | Chief Operating Officer-C0O0 EPMPL | Essar Power M.P.
Lid. |

»> Village Bandhora, Post Karsualal, Tehsd Mada, Dist. -

= Singraull, Waidhan-486886 | Madhya Pradesh | India |

»> T +01 BOS0233777 | +21 8966902954 Extn, - 2005 ViolP 729 2006 | E
Manoikumar Sharma@essarpowear.co.in | www.essar com |

== P "Please dan't print this e-madl unless you really need ta.*

= =

Disclaimear;

»» This email is subject to a disclaimer, please click on the following

fink or cut and paste the link into the address bar of your browser. <
httpiwww essar comfemail_disclaimer him| =

== <htip./iweendr essar comiamail_disclaimer,hitml=

=» *From;"Sharma M K - COO-EPMPL-Waidhan

== *Sent* 21 August 2018 1531

>> “To* 'nead_ce@irk ac.in'

»> “Cg:* Sutradhar, 8. - EPMPL {Ton); Sharma, Pankaj- EPMPL-

»» Purchase-Mahan: Somvanshi, Surajsingh C- EPMPL- Technical Services &
KTP; RajMehan, T - EPOrL - Mum

»> *Subject:* Enquiry for Technical Study

== *Dear Mr Sachidanad Tripathi,”

== *HOD Civil , IIT Kanpur.®

=

=> We are operating a 600x2 MW Coal based power plant at Singrauli
District of Madhya Pradesh. Both of our units are commissioned however we
have been operating with very less capacity {approx. 25% only)

mainly due 1o less cogl availability. A dedicated Ash Bund has been
constructed on around 87 Ha of acquired land outside plant beundary for
storage of agh. This Ash is in form of High Concenltration Shurry

Digcharge (HCSD) which is having 35% water onky,

== On T*th Aug 19 some portion of dyke wall of ash bund {which was not in
use) got partially breached. The rains was also happening that time so due
lo conditions, some ash got spread in surrounding area,

== \We wanied to conduct a study to assess overall technical quality of
eonstrection for ash pondby an expert agencyalong with the reason of dyke
breach. It should also include the commection and strengthening work
required for ash pond. Therefora requeasting you to provide a

2
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tachno-commerclal offer for the same,

=> Further please include following with tha offar;

== -Mathodology of the study

= -Time duraban for assessment and submission of reporis

=» -Reference list andsome samples of similar stedies conducted slsewhere
Please do let us know if anything further required fram cur end and

arrange for your offer at the earliest,

=» Regards,

== "MK SHARMA®

AMIT PRASAD

TECHMICAL SUPERINTENDEMNT
GEQTECHNICAL ENGINEERING LABORATORY
CIVIL ENGINEERING

LI T KANPUR

Phana - +31-0454741722(M),

D512-258-TT24{0)

1588/ 227
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Indian Institute of Technology Kanpur
Office of Dean Research & Development

Details of BCS /Wire Transfer,/Online Fund Transfer Within India

A. Details of Account Holder:
| | Name of the Account holder Registrar, II'T Kanpur
2 Complete Postal Address Dean, Research & Development
Indian Institute of Technology,
Kanpur — 208016 (Uttar Pradesh)
' 3 | Telephone No. +01-0512-2597385
| 491-0512-25971 7877564
4 E-mail Id: sdr_dordi@iitk.ac.in;
| sachani@iitk.ac.in
| B. Bank Account Details : B
‘1 | Bank Name State Bank of India
'2 | Branch Name IIT Kanpur Branch
|3 | Complete Postal Address | [IT Campus, Kanpur - 208016
|4 Telephone No. +91-0512-2590592
'S5 |Email Id sbi.0116] @shi.co.in
| 6 Bank Account Number 10426002126
7 | Type of Account Current Account
| B IFC code (A unique allotted by | SBINOOO1 161
RBI to all RTGS/NEFT enabled
i branches in India)
| ® 9 digit MICR code 208002041 ,
GSTIN 09AAATIOIADAIZL '
PaN AAATIOIG9A

Mﬁht

Joint Registrar (R&D)

Signature WS @I GF Bink Manager
State Bankrp=mdia, [IT Kanpur
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T 3

INCOME TAX PAN SERVICES UNIT

. (Managed by Hational Securities Depository Limited)
3" Flaor, "A' Wing, Trade World, Kemala Mills Compound, 5. B. Marg,
Lower Parsl, M.mDal - 400 013

Tha Ircome Tag Deparlmenl lakas

pléasura in informing that the PAN -

alfatied loyauis

AAAJIDTESA
: and the PAM card s Elr:|::|I:IEEI:f
herewilh, Furlher, lor filing thirelurn

ofimgomae, pleasa gonlacl

DCIT IACIT <, KANPUR

woling of FAM or ~sium ol inoome éri D-sllans for peyment of texes i3 necessary 1o
1sure ecolvela oredil ef taxes pald by b ou and faster processing of relum of iIncome.
orecval, gualing PAN on all oths: co——Janlcalions with the deperimant will kels 1o

prove Ll Y er E=TVIiCES.

g oy form thel il is mandatory to ovore PAN in several lransactions specified under
glircome TaxAcy, 1267, Forfurnherdeis’ s sl gushiransactionz, reference s invited fo rale

SEpfthelncome Tax Rules, 1862 eEs «iiN seclion 1384 of the Income Tax Sci, 1869,

~z kel evz=tonimars thanone FAN Balng alletlad, this fact shovld babroughtlothe
lice of your Assessing Officer, 35 po#sessing e v8lng mera than one PAN Iz againgt

wendrnayallr2clpenalty efupicoRs. 10,000/-

v errers in Lhe dala printed on your PAN Card may be broughl o the nolice of [T PAN

sevices Unit st theaddress givenaboveand entha reverse of the PAN Gard,

T : Income Tax Departrment

FEGID PRC/ DEND I ADII0NS 9|
T L 0 L 1 AL L (LT A
SMPAILAGLOSIOIMGCONTOS F SERECT
iy IMETITUTE SF TECHNOLAGY kanr i
SO INETITUTE 08 TECHHOLGBI Y,

W RESBETIAR OF FINANCE OF, ACEOLRTS
LALY AN PLIAL MANFLR.

JTTAT PRADESH « A0S0
EL P2~ 512 - 253130

T B LOmeE AP Her o sdgaalore s ara oe i
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-t e Geotechnical Engineering Laboratory
gheh Tt =T a
KANPUR-208 016 (L.P)

BITYe-208 016 (3.0.)

{ Tel. : +81-512-2507724
{Fax . +91-512-2597395

Dr.N.R.Patra No. CE/GTE/NRE/2019
Professor Dated: 22708 2019
M/S

Chief Operating Officer-COC0 EPMPL

Essar Power M. Lid.

Village Bandhera, Post Karsualal, Tehsil Mada,
Dist - Singrauli, Waidhan-1B6885

Madhya Pradesh, India

Kind Attention: Shri. M K Sharma (Chief Operating Officer)

Subject: Consultancy regarding site visit "to conduct the study for ash dyke and its strengthening
requirements” at Essar Power M.P. Ltd 60022 MW coal based power plant at Singrauli District of
hadhya Pradesh”.

Ref: Your email dated August 22, 2019, addressed to Prof. N.R Patra, Professor, Civil Engineerimg,
T Kanpur and telephonic conversation.

Dear Sir,

With reference to your email cited above amd our telephonic conversation, this is to inform you
that we would like to take up this project.

Faor this work, |t is proposed to have a site visit at Essar Power M.P. Led which is a 600x2 MW coal
based power plant at Singrauli District of Madhya Pradesh. The detailed proposal including cost
of consultancy work “to conduct the study for ash dyke and its strengthening requirements” will
be decided after the site visit by the IITK team. However, you are requested 1o arrange to and fro
travel, boarding, lodging and fooding arrangement for [ITK persannel visiting the site.

The proforma bill for the site visit fee amounting to Rs.1, 47, 500/- has been attached for your
perusal, The advance payment for the site visit may be drawn by crossed DD/cheque/online
transfer in favour of “The Registrar, IT Kanpur™ and mailed directly to the undersigned.

Oin hearing from you, the proposed date of site visit will be confirmed,

Theanking you,

Sincerely, .
| |
hldh £ Wy - =..'.-:_'|_i‘.:|_"—

(M.LPATEA)
Bncl: as above,

148/ 227
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/@ Location : Room 101-105, Wesfern Lab. Extension Building
-




H-wienfiye] werlmenem Geoftechnical Engineering Laboratory
e i incian Intitate of Technology
: U3
KANPUR-208 016 (U.P)

BPTYE-208 016 (3.0.)

0T / Tel, - +81-512-2597724
% | Fax - +91-512-2507395

PROFORMA INVOI SULTANCY & TESTING CHARGES
De.N.R Patra No.CE/GTE/NRP/2019
Professor Dated: 22/08/2019

Dean R& D [ITK GSTIN:09AAAJIT62A3ZL

Sponsaring Org:
Chief Operating Officer-C0O0 EPMPL
Essar Power M.P. Ltd.
Village Bandhora, Post Karsualal, Tehsil Mada,
Dist. - Singrauli, Waidhan-486886
Madhya Pradesh, India
Kind Attention: Shri. M K Sharma {Chief Operating Officer)

Ref.: Your email dated August 22, 2019, addressed to Prof. N.R Palra, Professor, Civil
Engineering, UT Kanpur and telephonic conversation.

I5.No. Particulars Amount(INE)
Consultancy charges for the site visit “to conduct the study for
1 |ash dyke and its strengthening requirements” at Essar Power 100,000.00
M.P. Ltd .600x2 MW coal based power plant at Singrauli District '
of Madhyva Pradesh",
Subtotal 100,000.00
Add Institote overheads 25 % 25.000.00
Total 125,000.00
CG5TE 9 % 11,250.00
SGSTE 9 % 11,250.00

Grand Total 147,500.00

Rs. One lakhs Fourty Seven Thousand Five Hundred Only.

]
T4 N PR O
(M.R. PATRA)
*Note: To and fro travel, boarding, lodging and fooding arrangement for IITK personnel
visiting the site will be arrange by your side.
PS.: Above amount may please be paid by crossed DD/ Cheque/ online fransfer drawn in
favour of "The Registrar, IIT Kanpw" and mailed directly to the undersigned

.:-:] Location : Room 101-105, Western Lab. Extension Building

P
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{Amended)

Governmont of India
Form G5T REG-06
[ See Rude 1071
Eegistration Number {024 AATIDIRATEL
L |Legal Mame INDIAN IMSTITUTE OF TECHNOLOGY KANPUR
I |Trode Name, if any DEAN OF RESEARCH AND DEVELOPMENT- IIT KANPUR
Comatbulion of Busisess Slatuiory Body
4. |Address of Principal Flace of  [RESEARCEH AND DEVELOPMENT OFFICE, ACCOUNTS-2, IT
Business EANFUR. KANPUR, Konpar Magar, Littar Prodesh, 2080116
5. Date of Lisbility QLAY
. Dt of Validiny Froan EF T Tia Ha

= Ty pe ol Begisdnalion Reular

8. |Panbculars of Approving Aaibociiy

ShRpare

Date of msue of Cestificale 00 12arT

Motes The regisloalion corlificsss is seguired fo be promimently displayed ol 2]l places of Busises</Oficei(s) in the State

Thts {s 5 sysiem generaed digially sigred Regisiiation Cetilicae sssl based an b deemed approval of the application for regisiction
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Power Club- EPMPL- Mahan

M T- Lootles

1466/ 227

Wpoj
Eeve
Tae
Xy

Elﬂllptj;_t:
ATTOY NuEvTo:

Sri. M K Sharma

Hari Prasad Hetnoor Sunyvan <suryafoe@liteec.in=

28 Augusl 2019 18553

Sharma M K - CO0-EPMPL-Waidhan: hansurya1@yahoo.com

Sulradhar, 5, - EPMPL (Tori); Sharma, Pankaj EFMPL- Purchase-Mahan; Sormvanshi, Surajsingh
- EPMPL- Technical Sanvices & MTP; RajMohan, T - EPOrL - Maum

Re: Draf Erepary for Technical Study

SINGRAUL|_PROPOSAL pdf

Dt. 29% Aug, 2019

Chief Operating Officer COO EPMPL

Essar Power M.P. Lid.

Village Bandhora, Post Karsualal, Tehsil Mada,
Dist. - Singrauli, Waidhan-486886

Madhya Pradesh India

Dear Sir,

Kindly find attached the 1I'T Roorkee proposal for the site vsiit.

with regards,

K S Hari Prasad
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On 0821719 03:27 PM, Sharma M K - COO-EPMPL-Waidhan <Manojlumar Sharma@essarpower.co.in>

Wrote:

Dear Mr K5 Hariprasad,

T Roorkes

This has reference o our telecom on Study to be carred al our site.

Wle are operating a 600x2 MW Coal based power plant at Singraull District of Madhya Pradesh, Both of our units are
commissianad however we hewve bean operating with very less capaecity (approx. 25% only) mainly due o less coal
availability. A dedicated Ash Bund has bean constructad on around 87 Ha of acquired land outside plant boundary for
storage of ash, This Ash is in form of High Concentration Slurmy Discherge (HCSD) which |3 having 35% water anby.

R =



On 7™ Aug 19 same partion of dyke wall of ash bund (which was not in use) got partially breached. The rains was also
happening that fime so dua to conditions, some ash gol spread in surrounding area,

1407 /1 227

We wanted o conduct a study 1o assass averall tachnical quelty of construction for ash pond by an expert agency along
with the reason of dyke breach. It should also include the correction and strengthening wark requived for ash pond,
Therefore requasting you o provide a techno-commergial offar for the same

Further please include following with the offer:
Methodolagy of the study

1
2. Time duration for assessment and submission of reports.
3. Reference fist and some sarmples of similar studies conducted elsewhere

Please do let us know if anything further required from our end and arrange for your offer al the sarkest.

Regards,
©
N~

MK SHARMA ©
v
N~
[0}
(@]
©
o

Thanks & Regards

M K Sharma | Chéef Operating Gfficer-C00 EPMPL | Essar Power M.P. Lid. |

Villege Bandhora, Posl Karsuslsl, Tehsil Mada, Dt - Singrauli, YWaidhan-4 BEBES | Madhya Pradesh | India |
T +81 8359233777 | +91 EDBED0Z054 Extn. - 2008 VolP 725 2008 |

E hanojkumer Sharma@iessarpowsar. coin | wawa essar com |

e Please don't print this e-mail unless you really need to,

Disclaimer:
This amall Is seiject 10 A disclaimer, pieasa click an the follpwing link or oLt and pasts tha Enk inlo the address bar ol your biowser
< ERl ot B3R e ai]_d petemar am ]
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FHH 7E0 0 S.ALA-1/2019 aret fATF 24.09.2019
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% | T WA | T T HEATATH | T A |
1 | 656/f1-1/2019 | 14.08.2019 | 06/ Farem<r | 988000.00 | W Fa |
2 | 627/4-1/2018 | 16.08.2018 | 25/F#reme | 156000.00 | F#e a7fd
(3 | 652/f1-1/2019 | 19.08.2019 | 93/ | 82268000 | e arf
4 | 658/%1-1/2018 | 20.08.2019 | 31/aimmmsr | 318940.00 | ww arfa
5 | 681/91-1/2019 | 22.08.2019 | 25/{wremer | 188420.00 | THw &
6 | 724/41-1/2019 | 04.00.2019 | 36/{r=m=r | 213990.00 | e exfr
7 | 725M1-1/2019 | 04.09.2019 | B/Fdsmarsm | 40000.00 | T afH
8 | 757H1-1/2019 | 13.00.2019 | 21/5d=m=T= 1038000.00 WEIT T,
=TT Effel
9 | 756/41-1/2019 | 20.09.2019 | 2fFwsreTe 13920.00 | A AT
T 247 =i 3781950.00 |
f,{fh::-_
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e a——— ]

S5DM MADA

E-MAIL-sdmmadal @gmail,com
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Annexure 6
i
Action Plan for Ash Dyke Restoration
5r Mo Betivity Target Completion Present Status
1 |Restoration of one sel of Ash Discharge pipefing to Cell-4A (Prerequisite for plant start-up) 10-Aug-1% Campleted an 10" Aug 18
? |Restorstion of da d Ash Water Recowery pipeiine (Prerequisite for plant start-up) 12-Aug-19 Compleied on 14" Aug 19
3 |Repair work of Celd 3 Bund wall east side 13-Aug-19 Compleled on 13-Aug-19
5 |Preperation of lemporary dam near water bodies to arrest further ash spread 15-Aug-19 Compleled on 14" Aug 18
8. |Reapair of dyee wall beteean Call 44 and Cell 3 1h=Aug-18 Complated on 1687 Aug 18
¥ |Ash collection from nallah and dumping in sell 3 Fh-fug-18 Complated on 25" Aug 20
g m.:.u:_mﬁ:_mizm of Cedl-3 bund wall cast side (subject to ma ralnfall) 15.Dizc-10 Under Prograss
Cleaning of the area Ip-Ock-19
Exacavation 10-Mov-1%
Leveling & compacikon 15-Mow-1%
HDPE |aying & concreting In Inner siope 30-Mow-19
Stone Pitiching & slope in outer siope 30-Mow-19
Protection wall 1.0 Mir Height 10-Dec-14
Drainage aroud the dyke 15-Dec-15
8 |Strengthening of Cell-4 south slde bund wall {subject to no rainfall) 20-5ep-19 Comgleted
Immediate strenthening of the Intermediate bund d0-Aug-19 Completed
Hedght ralsing by 2 Mir 15-%ep-15 Campleted
Compaction and tapping 20-5ep-12 Completed
10 |Coliection of spread ash from agricultural land and shifting to Cell-d {subject to rainfall) 30-Oct-19 Under Progress
11 |Environmental damage assessment and implamentation of corrective measures -Mar-20 Under Frograss
Initial wisit and assessment by the agenty 19-5ep-19 Completed
Final offer, Scope finalisation and WO award after initlal assesment)/visit 28-5ep-19 Completed
First report on initial sampling 30-Mev-18 Under Propress
Final report on second sampling 28-Feb-20 Under Progress
Final assessmnet and report submission based on comments 30-Muar-20
Assessment of the overall technical quality of existing construction Including engineering and
b design and recommendations for _Eamﬁi-ﬂani o e ¢ il Ml PrOwm
Initial wisit and assessmeant by E_mmmﬂhﬂ___ 28-5ep-15
Final offer, Scope finalisation and WO awand after initlal assesment/wisit 30-5ep-13
Report submisskon 30-Mav-18

P
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Disclaimer:

The view and opinions expressed in this document are those of the authors and do not
necessarily reflect the positions of the institution All information, ideas, views, opinions,
estimates, advice, suggestions, recommendations (hereinafter 'content’) in this book should
not be understood as professional advice in any manner or interpreted as policies, objective,
opinions or suggestions of CSIR-NEERI. Readers are advised to use their discretion and seek
professional advice before taking any action or decision, based on content of this book. The
content in this book has been obtained or derived from sources believed by CSIR-NEERI to
be reliable but CSIR-NEERI do not represent this information to be accurate or complete.
CSIR-NEERI do not assume any responsibility and disclaim any liability for any loss,
damages, caused due to any reason whatsoever, towards any person (natural or legal) who
uses this publication.

This publication cannot be sold for consideration, within or outside India, without permission of
CSIR-NEERI. Violation of this condition of sale will lead to criminal and civil prosecution.

Environmental
Damages Cost Assessment
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Foreword

Dr. Rakesh Kumar Director, CSIR-NEERI

CSIR-NEERI have completed 60 years of glorious service to society as a leading national
research institution and have significantly contributed to the growth of the industries and
transforming the lives of the common man. We believe, it is our responsibility to continue to be
involved in providing sustainable solutions to the challenging environmental problems and
develop robust environmental solutions that target the productive and sustainable use of natural
resources. The ongoing era of urbanization in India has seen steep growth in industrial and
commercial activities resulting in bringing more complex environmental challenges to the society.
Unidirectional nature of the industry focusing on profitability and shareholders benefit has
resulted in severe damages to the environment and ecosystem, directly and indirectly
contributing to climate change.

In view of the above, it becomes important to preserve the environment and society at large by
assessing the assimilative and carrying capacity of the environment and finding better and green
solutions to curb pollution. However, the industries and businesses are polluting on a scale which
are breaching the set standards. It is becoming essential that we should have a mechanism of
accounting for the damages being done to the environment. The necessity to develop a
framework that can apply the laws and regulations like “polluter pays principle” and “extended
producers responsibility” has become very relevant in today's environment. In order to implement
the above principles, regulators are looking forward to a systematic framework that can guide
them to evaluate the damages to the environment, in order to recover the cost of restoration and
bring in application of constructive ideas for the betterment of the environment. Such frameworks
are available at an international level, however, the direct application of those frameworks is
limited in the Indian context. This further strengthens the need to develop an India specific
framework for evaluation of environmental externalities.

The current report on “Framework for Environmental Damages Cost Assessment with Examples:
Special Report on Monetizing Damages” will act as a baseline tool, providing a platform to
assess damages done to the environment in monetary terms. The current edition is expected to
significantly contribute to policymaking, environmental regulations, and implementation; guiding
various National and State level expert committees constituted by Ministries and Regulatory
agencies.

Rising to the challenge faced by the Indian environmental scientific community, CSIR-NEERI has
emerged as a front runner in developing a need-based baseline framework that will continue to
evolve over time adding more domains of environmental damages whilst addressing complex
relationships between different environmental processes. The current work has the potential to
strengthen local, regional and national capabilities to address urban and industrial pollution and
implement pollution prevention and waste minimization programs.

| hope that with the support of the Government of India, State Government, CSIR, Industries,
CPCB, SPCBs, judiciary, valued Stakeholders and our society, the Institute will rise in defining
the path to address similar emerging environmental challenges. The focus of the Institute has
always been to develop end to end environmental solutions and keep the focus of CSIR NEERI
as a place for “Society has driven Solution through the use of Science and Engineering. This is a
small step towards understanding the concept of damage assessment and its use as policy tools.

Dr Rakesh Kumar
Director, CSIR-NEERI
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Businesses and industries are dependent on nature for the supply of resources; be it water, air
metals, fuel, etc. Our growing population and demand-supply gap are putting pressure on the
businesses and industries to perform better and better every day. Moreover, the stock of raw
materials is decreasing. With this trend, the world we live in is changing rapidly. One of the most
important components of our world is the environment in which we humans and bio-diversity
thrive upon. Pressing human activities, fueled by increasing demand, are detrimental to our
environment. The business as usual scenario disregards the fact that our environment has a
finite assimilative capacity for pollutants. Once the limit is breached, all kinds of problems
including, but not limited to, the decline in human health, extinction of species, losses of aquatic
systems, climate change and so on will stand in our face with limited solutions at our bay.

The current project, as covered in the book, tries to develop a framework through which
businesses and industries can be transformed for a better environment. The framework
described in the report helps in estimating the cost of environmental damages caused due to any
activity once it breaches particular standards set by a regulatory authority.

The purpose behind making this framework is to make governments, industries, businesses,
societies and people in general, understand the magnitude of impact generated by breach of
environmental standards. Further, the magnitude of impact is calculated in monetary terms, a
common language, understood by all stakeholders. The framework has become a need of the
hour since people are failing to realize the impact of actions being taken at any level by any
developmental activity.

The framework will also help regulators to understand the magnitude of an impact once the
environmental limits are broken. The value of damages can be recovered from the polluter and
can be used constructive activities for the betterment of the environment. Moreover, it is clear
that how businesses operate in the future will need to be transformed. Expectations of
governments, societies, customers, and suppliers are already changing. There is a growing
recognition that the good/right kind of growth is also possible and that businesses need to
consider stakeholders into perspective beyond the old school shareholder perspective. The
current framework also helps businesses to understand the impact of their actions and help them
channelize their energy into doing inclusive growth.

While there is a wide range of literature available on the evaluation of environmental externalities

using various economic theories and models, the application in the Indian context is still evolving.
The current framework has tried to adapt the values and literature available globally for their

application in the Indian context. Currently, there are four parameters, namely Greenhouse
Gases (GHGs) emissions, air pollution, water pollution, and solid waste, which are looked upon
in detail and framework for the calculation of these externalities is given with some examples.
This framework should help in developing a basic understanding of the topic and should help in
conducting initial assessments related to the evaluation of environmental damages cost. The
framework will form a stepping stone and can be improved to include other factors like
biodiversity loss, land use, land cover change, and freshwater loss.

| am thankful to Director, CSIR-NEERI, Dr. Rakesh Kumar, for continuously guiding me through
the whole process of understanding the field and keeping me motivated to face the challenges
and hurdles which came my way during developing this area. | am thankful to Dr. Nitin
Labhsetwar, Chief Scientist and Head ERMD, for his constant encouragement. | am also thankful
to my colleague Er. Ankit Gupta, who has helped me develop this field. | am grateful to all my
colleagues in the Director's Research Cell, especially Dr. Atya Kapley, Head DRC, for constant
support. Last but not least, | express my gratitude to my team of project fellows without whom,
the project would have never reached the current scale.

Hemant Bherwani
Scientist, CSIR-NEERI
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Dr. Shailash Nayak

Chairman, Research Council,

CSIR-NEERI & Director, NIAS m

CSIR-NEERI has been on the forefront in developing technologies for managing air pollution,
solid and hazardous waste, wastewater treatment, as well as environmental impact assessment.
The recent thrust on "sustainability" has focused attention on developing the end-to-end
solutions. | have always believed that valuation of environmental damages is becoming a

need of the hour and has evolved in supporting regulatory bodies to recover the cost of
restoration for the polluted environment. Incorporating cost assessment of damages in policy
making practices can make a positive contribution to the environmental, socio-economic
sustainability of the community. CSIR-NEERI has come a long way since its inception and has
been contributing towards providing solutions to various scientific challenges. | wish CSIR-NEERI
success in its endeavour to meet environmental grand challenges. | congratulate

CSIR-NEERI team for their excellent initiative on developing a basic framework on
environmental damages cost assessment with examples.

'--fEr*'ImrJL,
{/

Dr. Shailesh Nayak
Chairman, Research Council,
CSIR-NEERI & Director, NIAS
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ll Introduction

India has witnessed massive growth in
urbanization and industrialization in the past
few decades. While development has been at
the forefront, environmental aspects have
often suffered the most. Despite generating
awareness regarding the need and
importance of natural resources, the
degradation of natural resources is growing at
an alarming rate. Optimizing the use of
available natural resources to maintain
sustainability and thereby human well-being
is the biggest challenge faced by the
policymakers today. The economic
assessment is one such tool that can
scrutinize the potential profit and loss with
respect to anticipated impacts on the natural
environment due to proposed industrial
activities.

R

Environmental economics is a relatively new
field compared to classical economics and
generally considers two aspects in detail: one
being depletion of natural resources thereby
relating to the valuation of services they
provide, and other being damage to the
environment due to pollution loading.

The pollution-related damages have gained
importance in recent times due to the fact that
the environment is taking center stage in
sustainability-driven agendas throughout the
globe. Further, the businesses, in the long
term may not be viable as the environmental
laws and policies might hit them with stricter
and tighter regulations. Another fact is that the
resource once depleted may force the industry
violator's to look for alternatives and question
the viability of business.

The aspect of environmental degradation generally deals with following points:

» What are the causes of
environmental problems
and degradation?

the damages?

Environmental Impact Assessment (EIA) &
Life Cycle Assessment (LCA) are globally
employed to understand the impacts
generated by any operation used in product
manufacturing or process-driven industry.
These methods often tell about the footprints
related to various steps involved in the
process and referred to as midpoint analysis
methods. These methods limit themselves to
identifying the potential threats/impacts to the
environment, due to the execution of
approved development projects/activities.
Environmental impacts as indicated in Figure
1 during cradle to grave activities are
identified during the product cycle using
various impact analysis methods but are
seldom quantified in monetary terms. Non-
transparency between the emission and its
likely impacts have resulted in the exploitation
of the environment beyond the assimilative

Raw material Process
extraction

The production
process includes
various operations
involving the use ‘
of fossil fuels,
energy, etc that
emits pollutants
into the
environment

Extracting virgin
materials results in
depletion of |
resources & also
lowers the quality

of available
resources

* How to assess

» How can we design economic incentives
either to reverse the damages and/or to
halt/reduce them?

capacity. This report focuses on
mainstreaming the linkage between various
pollutant identification methods (LCA, EIA)
along with methods to evaluate the impacts on
physical, chemical and biological
environments using economic methods to
quantify the impacts in terms of monetary
value. In today's business sector, certain
environmental impacts affect society larger
than the company's profit value. Identifying
such impacts and effects of emissions in
monetary terms can bring awareness among
the industries to take the resulting impacts into
account thereby enabling them to deliver
better outcomes favoring environment and
human well beings. Further, this monetary
evaluation of impacts can help regulators in
devising laws based on actual quantified
numbers.

Use Phase Discard
Use Phase in
general accounts
for minor negative
externalities and is
overcome by
positive
externalities.

The discard phase
of a product has a
large potential to
emit pollutants
depending on the
type of disposal.
E.g.: Landfill,
dumpsite, etc.

Figure 1. Negative externalities during cradle to grave cycle
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Environmental Externatities:
How it all started?

Millennium Ecosystem Assessment (MEA) and
The Economics of Ecosystem and Biodiversity
(TEEB): In the early 2000s, due to the efforts
made over the decades, the ecosystem
services started getting reflected in the policy
arena as well. The Ecosystem Approach as
adopted by UNEP-CBD and the Global
Biodiversity Assessment are just examples of
these. As discussed in the introduction, the
MEA framework was one of the most
important stepping stones in this regard. The
objective of the MEA was to assess the
consequences of the change in the ecosystem
on human well-being. The multi-scale
assessment approach used in MEA which
includes component assessment undertaken
at multiple spatial scales-global, sub-global,
regional, national, basin and local levels, also
involved natural and social science
perspectives. It was the first assessment
carried out with a focus on the impact of
ecosystem changes on human well-being.

The MEA findings show that the human
actions are depleting earth's natural resources
and putting a strain on ecosystem, also
assessment result shows that with appropriate
actions it is possible to reverse the
degradation of many ecosystems through the
substantial changes in policy and practices.
After the MEA framework in 2007, the biggest
landmark in assessing the value of ecosystem
services was the formulation of the TEEB
project i.e. “The Economics of Ecosystem and
Biodiversity” project. TEEB was a global
initiative developed with a view to recognizing
the value of the ecosystem and its service to
help the decision-makers to identify

i

the wide range of benefits from the ecosystem
and demonstrate values in economic terms.
TEEB employed 3 core principle approaches
namely, recognizing the purpose of the
ecosystem, demonstrating the value of
ecosystem in terms of costs & benefits and
introducing the values in decision making in
terms of waste-tax, environmental subsidy,
etc. TEEB mainly focuses in comprehending
the cost & benefit values accounted from
natural ecosystem service such as wetlands,
forest, river ecosystem, desert ecosystem,
etc.

TEEB focuses on evaluating the hidden
values of an ecosystem, cost of biodiversity
loss and ecosystem degradation with the help
of expertise from ecology, economics, and
development to better equip the decision-
makers for mainstreaming biodiversity and
ecosystem considerations at all levels,
including government and private. TEEB, in its
first phase, released an interim report setting
up the path for detailed assessment of
biodiversity and ecosystem in economic terms
with the ultimate aim of providing a tool to
policymakers and decision-makers by helping
them to incorporate the value of nature in their
current decisions. TEEB followed 3 tier
approach for the valuation: recognizing the
value (in the biodiversity and ecosystem);
demonstrating value (in economic terms, to
improve the visibility, causing defense
mechanism) and capturing value (in decision
making).

There are different methods as reported by
(Pascual & Muradian, 2010) used to
estimate economic values associated with
ecosystem according to TEEB which are as
follows

« Market price method: Based on the commercial market, products, and benefits of an

ecosystem are monetized.

» Productivity method: Quantify the financial value of the ecosystem-based on its service

on traded goods.

« Hedonic pricing method: Quantify the economic value of service provided by an
ecosystem based on its direct effect on other marketed goods.

- Travel cost method: Estimates economic values of ecosystem based on the amount

spent by people to travel the site.

- Damage cost avoided, Replacement cost and Substitute costs method: Calculates
economic value on the basis of the amount saved by preventing the loss, renewal or

substitution of an ecosystem.

- Contingent valuation method: Economic value is estimated by directly inquiring among
the people about the willingness to spend or accept compensation on particular
ecosystem services based on hypothetical condition.

« Contingent choice method: Estimates economic values by asking people to market

among the set of services in the ecosystem

- Benefit transfer method: Estimates the economic value of one location by transferring

the study carried out at another location.
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ExternE and Stern Review:

ExternE stands for “External cost of Energy”.
In the early 90s till 2005 series of projects
were carried out under this domain. “Impact-
Pathway- Approach” is used for calculating the
environmental external cost in the ExternE
project series. Earlier damages caused to the
environment were not integrated into the
pricing system, these left out the cost is
termed as externalities or the external cost
based on the concept proposed in welfare
economics.

Consideration of external cost in the
assessment will help to design policy in order
to reduce the burden of various economic
activities on various socio-economic factors.

Globally, the sensitization around the topic and
the impact of current living are known due to
the Stern Review on the economics of climate
change, a 700-page document released in

i

points from the report indicate at increased
risks of serious and irreversible impacts from
climate change associated with business as
usual case. Further, the basic elements
required for living i.e. food, air, water, and
health are threatened by climate change. In
2006, it was estimated that arresting the
carbon dioxide concentration to 500-550 ppm
will require 1% of the global GDP whereas to
arrest to 450 ppm, which is necessary for 2
0C, it may take up to 5 to 20% of the world's
GDP.

In India, one of the early attempts of
integrating the current accounting practices
with the environmental parameters was done
by CSIR-NEERI. The study indicates that if
environmental degradation is taken into
account the net GDP is negative. Table 1
shows the valuation from the study made by
(Khanna and Ram Babu, 1997)

2006. The key

Table 1: Integrated Environment and Economics Accounts (1980-90; 1991-95)

Item Changes Annual Growth Change Annual
during Rate during Growth rate
(1980-90) (1991-95)
(X Crore) (X Crore)
Economic accounts +2,02,354 +5.66% (Without | +87,721 +4.43% (without
GDP accounting for accounting for
environmental environmental
degradation) degradation)
Environmental accounts
» Air Environment -26,772 -11,308
Damage to health and
ecology due to air
pollution
» Water Environment
Ground water mining -96,900 -48,877
- Quantitate decline -24,985 -13,386
- Quality degradation -1,014 -512
surface water
- Pollution avoidance cost
* Land degradation
- Productivity losses due -1,38,750 -61,768
to land degradation
- Land rejuvenation cost -24,000 -10,668
* Forest Cover Decline -2,704 -1,337
Loss of services/ value
Total environmental and | -3,15,125- 1,47,856
ecological damage costs
Adjusted growth in GDP -1,12,771 -4.92% -60,135 -4.74%
(Accounting for
Environmental degradation)

Source of data

1. National Accounts Statistics, 1995, central statistical Organization
2. India's National Income Statistics, October,1996, Centre for Monitoring Indian Economy
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Economic assessment in this chapter seeks to value the impact on the well-being of humans
from a change in the surrounding environment as a result of emissions and adverse impacts by

business/industrial sectors. The driver-based impacts here are classified into four sectors namely

Greenhouse Gas (GHGs) Emission, Air Pollution, Water Pollution, and Solid Waste.

Greenhouse gases (GHGs): GHGs
emissions due to various anthropogenic
activities are significant in resulting in
climate change, sea-level rise, glacier
melting, global warming, etc. These have
adverse effects on the surrounding
environment, dwellers comfortability as
well as health and economy.

Air pollution: The industrial and
transportation sector emits various harmful
pollutants such as particulate matter (PM),
carbon monoxide (CO), sulfur dioxide
(SO,), nitrous oxide (NO,), etc. that have
an adverse effect on human health and
natural environment.

Water pollution: Effluent and sewage

m Drivers of Impact

generated by the business sector are to be
discharged through proper channels so that
the pollutant level in final discharge is within
safety limit for humans and another
surrounding environment. Violation of
discharge standards as per the central
pollution control board (CPCB) for inland
surface water bodies can bring about
serious health impacts such as morbidity
and mortality due to toxicity developed in
water bodies ultimately demising the natural
water source and inhabitant aquatic life.

Solid waste: Driver based impacts on
human health and environment varies
based on the waste disposal technique
such as engineered landfill, open burning,
informal dumping, recycling, etc.

SI. No. Sectors

Drivers

1 Greenhouse gas (GHGs)

Carbon Dioxide (CO,)

Methane (CH,)

Nitrous Oxide (N,O)

Particulate Matter (PM)

Ozone (O,)

Water Vapour (H,O)

Sulphur Hexafluoride (SF6)
Hydrofluorocarbons (HFC)
Perfluorinated Compounds (PFC)

2 Air pollution

Carbon Monoxide (CO)

Sulphur Dioxide (SO,)

Nitrogen Oxides (NO,)

Other Toxic Pollutants (Organic, Inorganic
and Heavy Metals)

3 Water pollution

Nutrient Pollutants (Nitrogen(N) &
Phosphorous(P))

Pathogens (E-Coliforms)
Emission of Air Pollutants

4 Solid waste

Leachate Release
Greenhouse Gas Emissions (GHGs)

i

Monetary valuation is done based on the drivers in every stipulated four sectors that damage
human health and the surrounding environment. The assessment uses empirical equations and a
set of scientific/proved assumptions. Sector-wise damage cost assessment will be considered as
a strong indicator of inevitable risk if suitable mitigation measures and policy structures remain
abandoned.
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m Economic Evaluation of Environmental Impacts

Evaluation is generally carried out in 3 steps as showed in Figure 2.

Step 1: Identification and Step 2: Identification of Step 3: Evaluation of
quantification of adverse impacts impacts in
released pollutants that /changes on the monetary terms
are likely to cause environment and due to emission on
negative impacts on human health due to human wellbeing
the environment and emitted pollutants. and the surrounding
human health. natural environment.
Identifying the Estimating the
Zmﬁecg ?EoglJluglgtz effect of emitted economic loss
CH, etc) pollutants on due tq after effect
& human health and of emitted
Quantification of natural resources pollutant on
these pollutants (Health issues, human health and
(ppm, Kg. etc.) reduced visibility environment by
etc) employing various

methodologies

Figure 2. Indicative pathway towards environmental damages cost assessment

As can be seen from above, a lot of research based on the available database and

has been done on the methodologies for methodologies.

environmental externalities assessment. Based on the drivers of environmental
Further, it is clear that it would be of great impacts, the detailed methodology to evaluate
help to policymakers and regulators if the monetary damages is outlined in subsequent
midpoint analysis conducted by life cycle chapters. With the detailed methodology,
assessment (LCA) and environmental impact illustrative case studies along with calculations
assessment (EIA) are taken a step ahead are also provided for better understanding.
and externalities are evaluated along with Varied economic methodologies have also
midpoint. The aim of this framework been showcased with the illustrative
document is to help researchers and examples.

policymakers to carry out basic assessment
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Greenhouse Gase_s (GHGs)

1 |

The present world is largely facing problems
with respect to rising ambient temperature,
heatwaves, severe drought, and flood, rising
sea level, melting of glaciers, altered
precipitation pattern, reduced crop vyield,
shifting climate patterns, etc. Behind all these
environmental outcomes, emissions of
GHGs from various sources are the major
contributors. Gases like CH,, CO,, water
vapor, N,O, HFCs, PFCs, and SF6, etc. are
considered as greenhouse gases as they
absorb and emit solar radiation and thus
warming the atmospheric surfaces ultimately
leading to global warming. India is also one

of the major

emitters of greenhouse gases and has a
contribution of 6.82% of the global share, in
the year 2017 with the amount of emission as
2,467 metric tonnes CO, equivalent, thus it is
3rd largest emitter of GHGs after China and
United States (URL 01). The major portion of
GHGs emission comes from energy
generation sector (nearly 65%) due to use of
fossil fuels, followed by agriculture sector
which has contributed nearly 20%, industrial
activities nearly 6% and waste disposal nearly
4% and some minor sectors may also
contribute to GHGs like biomass burning, etc.

Potential Environmental Impacts due to GHGs Emission

Extreme weather events

The basics of physics pinpoint that GHGs add more energy into the atmospheres and as it
warms, higher content of water vapor is held, resulting in decreased cold weather events.
Emission of tonnes of GHGs into the atmosphere has resulted in severe heatwave
conditions, drought, floods, rising sea levels (there), etc. making it one of the severe most
impacts of climate change. However, there still exist uncertainties in attributing individual
weather events to climate change. The damages and losses to human-associated with
extreme weather events depend upon exposure and relative risk.

Rising mean temperature

Global warming is an unusual rise in the earth's average surface temperature. The mean
temperature of the atmosphere is increasing every year and with the present rate of
emission of GHGs, an average increase in temperature by 2 deg C in the next two or three

decades

(IPCC, 2018) is inevitable. GHGs emission rate has been increased artificially by humans
over the years mainly by fossil fuel use, deforestation of carbon-absorbing forests, land-use

change, and agriculture.
Reduced crop yield

Rise in surface temperature, changing climate pattern, untimely rainfall, and frequent
drought has a significant adverse impact on agricultural productivity and nutritional quality of
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Rise in surface temperature, changing climate pattern, untimely rainfall, and frequent
drought has a significant adverse effect on agricultural productivity and nutritional quality of
food. There is climate-smart crop production being adopted intensifying crop yield and
addressing climate change in sustainable way. Along with attributable impacts from climate
change, agriculture itself contributes to GHG emissions. Studies suggest that organic
farming features a reduction in GHGs emissions due to lower chemical inputs, but at the
same time, emissions exacerbate due to greater food production while compensating to a
lower yield (smith et al., 2019). The same study also reported that only way to reduce GHGs
emissions is by limiting the farming area.

Loss of bio-diversity

Adverse impacts of climate change make the survival of plants and animals vulnerable.
Change in climate patterns affects flora and fauna of an area in various ways as some of
the species are very sensitive to climate change. There exists evidence related to threats
on species such as physiological effect on green ringtail possum, coral bleaching, salinity
issues in Muray darling Basin affecting aquatic biota, Ice melt at polar regions affecting
polar habitats, etc.

Impact Drivers Adverse Impacts

on Society

Emission of Green house

gases (CO,, CH,, Water Reduced air quality, Reduced agricultural
vapour, N,O, HFC, PFCs increased temperature, productivity, Thermal
SF6 etc) from different sea level rise, shifting discomforts, Health
sources like combustion climate pattern, extreme impacts etc

of fossil fuel, agricultural weather events (flood,

activity, industrial activity, drought).

waste disposal sites,
biomass burning etc.

m Quantification of GHGs Emission

Quantification is the first step towards any assessment. There exists various monitoring
instruments and empirical formulae to determine the GHGs emissions from an activity. The
activity here includes transportation, industrial operations, power & energy or any other direct
and indirect activities involving substantial amount GHGs emission

m Quantification Using Continuous Monitoring System

The CO, emission can be monitored using a continuous monitoring system with flow monitoring
system to measure the volumetric flue gas rate to determine the total CO, emissions. The
continuous monitoring system may not favor in quantifying other GHGs such as water vapor,
CH,, HFC, etc. In such cases, empirical formulas can be used to quantify GHGs in terms of CO,
equivalent.

m Quantification Using Fuel Analysis Method

Gases such as CH, and N,O emitted from stacks of industries can be quantified in terms of CO,
emission. The quantity of emission can be estimated by mathematical calculations based on the
type and quantity of fuel used as shown in Eq (1) (EPA, 2016).

Emissions of CH,/ N,O = QF x EF Eq (1)
Where, QF = Quantity of fuel (Kg)
EF = Emission factor (Values as per appendix —A) (EPA, 2016)
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Emissions of CH, and N,O are calculated using Fuel heat content value
based on the type of fuel used as shown in Eq (2) (EPA, 2016).

Emissions of CH,/ N,O = QF x HHV x EF
Where, QF = Quantity of fuel (Kg)

Eq (2)

HHYV = Fuel heat content

EF = Emission factor }- (Values as per appendix —A) (EPA, 2016)

The derived emission values for CH, and N,O are converted to CO, equivalent emission using
global warming potential (GWP) as shown in Table 2

Table 2: Global warming potential (GWP) For GHG (IPCC, Fifth Assessment Report) (URL 02)

Greenhouse Gas GWP
CO, 1

CH, 28

N,O 265

To mathematically calculate Carbon Dioxide (CO,) emission from fuel, the carbon content of the
fuel must be multiplied with the ratio of molecular weight of CO, to the molecular weight of carbon
as in Eq (3) (URL 03).

Qco, = (Cp, / E,) * (Mco, /M)

Where,

Qco, = specific CO, emission [kgCO/kWh]

C..., = specific carbon content in the fuel [kgC/kgfuel]
E,. = specific energy content in the fuel [kWh/kgfuel]
Meco, = Molecular weight Carbon Dioxide [kg/kmol! CO,]
Mc = Molecular weight Carbon [kg/kmol Carbon]

Eq (3)

} Values as shown in Table 3

Table 3: Default value of Specific carbon and energy content based on type of fuel utilised
(Source: Engineering tool box)

Fuel Specific carbon Specific energy Specific CO,
content content emission
(kgC/kgfuel) ( kWh/kgfuel) (amount of fuel basis),
kgCO, / kgfuel
Wood 0.50 4.5 1.83
Subbituminous 04 6.8 1.47
Propane 0.82 13.8 2.99
Petroleum Coke 0.89 9.4 3.26
Peat 0.52 4.7 1.91
Methanol Fuel 0.37 S 1.37
Methane 0.75 154 2.75
LPG 0.82 13.7 3.01
Lignite 0.3 3.9 1.10
Kerosene 0.82 12.0 3.00
Heavy Fuel oil 0.85 11.6 3.1
Gasoline 0.90 12.9 3.30
Ethanol Fuel 0.5 8.3 1.91
Diesel 0.86 12.7 3.15
Coke 0.77 7.2 2.82
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Fuel Specific carbon Specific energy Specific CO,
content content emission
(kgC/kgfuel) ( kWh/kgfuel) (amount of fuel basis),
kgCO, / kgfuel
Butane 0.83 13.6 3.03
Bituminous 0.65 8.4 2.38
Anthracite 0.92 9.0 3317

The quantified CO, emission (Kg/Kwh) is then multiplied with an energy consumption rate of the
boiler (Kwh) and operating time to arrive at total CO, emission (Kgs).

m Quantification Using Life Cycle Assessment Modelling

Life Cycle Assessment (LCA) is a tool to identify the environmental outcomes during the stages
of product life. (from cradle to grave). The model uses various inputs corresponding to raw
material, the process involved, material flow, usage, and disposal. The model assesses the final
impacts on environment such as acidification, climate change, abiotic resources depletion,
ecotoxicity, eutrophication, human toxicity, etc. associated with each of the processes
considering various emissions (particulates, gases, GHGs, physio-chemical parameters, heavy
metals, etc.) into an ecosystem.

m Monetary Evaluation of Damages due to GHGs Emission

Carbon pricing is the tool used for financial decisions on social and environmental costs of
climate change. Carbon pricing attaches value to emission as an initiative to spur low carbon
innovation. Moreover, the method has been developed as a common choice in risk management
and achieving the industry level target in the reduction of GHGs emissions. The approach in
determining the carbon pricing involves internal carbon fees, shadow price, implicit price, hybrid
carbon pricing and social cost of carbon.

m Internal Carbon Fee Method

The internal carbon fee defined as a cost that a corporate attaches to GHGs emissions in
various economic and other activities. This can target the high emitter activities to take a shift
towards low emissions by undertaking necessary policy decisions and measures. Unlike
regulatory taxes and fee schemes, the pricing remains internal within the organization. The
observed price range for companies using an internal carbon fee is from $5-$20 per metric ton
(URL 04). The internal carbon price developed by Dalmia Bharat cement was $11 per CO2
metric ton. However, the methods are indigenously developed and internalized by the
organizations and hence transferring the values directly can have ambiguity.

E Shadow Price Method

The shadow price is the hypothetical cost assigned by the corporates with respect to emissions
to assess the risk associated with different business activities. This helps to stems the higher
carbon emission activities and prioritizes on low emission investments and regulations in the
business activities. The observed range of shadow price varies from $2-$892 per ton (URL 04).
Shadow price considered by the ESSAR group at the oil & gas sector was reported to be $15 per
ton of CO, and Infosys associated with business consulting, information technology, resource
outsourcing used $11 per ton of CO, (Gajjar & Adhia, 2018).
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E Implicit Price Method

Implicit price defines as the value of emission's impact by analyzing the cost incurred by the
organization in curbing the emissions. The abatement measures include the amount spent so as
to shift towards renewable energy resources etc. The implicit price expressed in a metric tonne
of CO, equivalent is determined by comparing the cost of abatement measure with the
subsequent reduction in emission.

m Hybrid Pricing Method

Some organizations combine the above-mentioned methods to meet GHGs emission reduction
goals. Mahindra & Mahindra, a utility and tractor manufacturing sector, use the approach of
hedonic pricing combining implicit price for green investment and shadow price at $10 per metric
ton CO,. This approach aids the organization by advancing towards low-cost abatement
measures so as to reduce the greater reduction of emissions in the future.

E Social Cost of Carbon (SCC) Method

All the previously mentioned approaches are associated mainly with corporate sectors and
corresponding policies/regulations to curb indigenous CO, equivalent emissions. No common
relation could be derived with respect to previously mentioned methods and CO, equivalent
emitted irrespective of sectors. The social cost of carbon establishes a general relation between
CO, equivalent emissions and monetary damage. The SCC method provides a comprehensive
estimate of climate change damages and include damages such as changes in net agricultural
productivity, human health, property damages from increased flood risk, and changes in energy
system costs, such as reduced costs for heating and increased costs for air conditioning.
However, given current modeling and data limitations, it does not include all important damages.
But, it is needless to say that it gives far better estimates than the other methods given above
since it actually addresses the problem of social and environmental damages associated with
GHG emissions. The method is largely employed by EPA (Environmental Protection Agency) and
other federal agencies to study the impact of climate change on the environment (USEPA,
2017). For regulatory impact analysis social cost of CO,, (2015-2050) as suggested by USEPA is
mentioned in Table (4) and the damage is estimated using Eq (4).

SCC = Quantity of CO, emitted (tCO,) x (cost of CO, per tones) x exchange rates Eq (4)

Table 4: Social carbon cost as per USEPA (USEPA, 2017)

Discount rate and statistic
Year 5% Average 3% Average 2.5% Average High impact
(95th pact at 3%)

2015 $11 $36 $56 $105

2020 $12 $42 $62 $123

2025 $14 $46 $68 $138

2030 $16 $50 $73 $152

2035 $18 $55 $78 $168

2040 $21 $60 $84 $183

2045 $23 $64 $89 $197

2050 $26 $69 $95 $212

Based on above methods, an example is shown so as to how to use the above values and
methods to arrive at monetary loss associated with GHGs emissions.
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Example:

An industry violating emission norms and emitting methane 5 tonnes per day.
The environmental damage cost associated with it can be calculated in the following steps.
Carbon equivalent of CH, = 5 tonnes CH, * 28 (GWP)= 140 tonnes of CO,

It is recommended to use the SCC approach since it encompasses the actual damages
associated with these emissions. Further, unless a high impact value is to be calculated,
3% average discount rates values can be used for emissions. High impact scenario can be
used as an upper cap to the damages.

Social carbon cost per tonne for 2019 (using moderate impact scenario) = $40.8 = ¥3556
(including inflation of 1.23 from 2017 to 2019) (using Social cost of CO,, 2015-2050,
USEPA)

SCC =% 4,97,915 per day
SCC (High Impact) = 119 x 140 x 70.87 x 1.23 =314,52,253 per day.

The above values give a better estimate of the global damages which occur due to GHGs
emission in any part of the world. The internal carbon pricing based on other methods
would yield a much lower number in the range of 50 thousand rupees to X 1 lakh only. Thus
it is important to use a damage based approach rather than relying on values that are
devised for internal or corporate to corporate-based trading only. The method of internal
carbon pricing is mostly a market-based value and does not include damages portion
which is the most important factor in the context of environmental damage cost
assessment.
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Air Pollution |

Business activities in most of the sectors secondary air pollutants create a negative

result in harmful emission of particulates and impacts on human health, visibility,

gaseous pollutants to air pollution. Pollutants agriculture, tourism, and other components of
are either emitted directly (primary pollutants) environment. There is a need to understand
or are formed in the atmosphere due to the the level of impact these pollutants generate
reaction of two or more pollutants (secondary and monetizing these impacts/damages is
pollutants). Most of the primary and one of the ways by which the scale of impact

can be communicated.

Impact Pathways for Air Pollution

In order to quantify the impacts in monetary terms, it is essential to understand the mechanism
by which the impact happens. The impact pathway reveals, how emitted pollutants lead to
different adverse outcomes on human wellbeing and another natural environment. The sources
of pollutants and their impacts are discussed in sections given below.

Primary Pollutants

Particulates:

Particulate matter (PM) are generally suspended particles being emitted from automobile &
industrial exhaust, agro-residue burning, soil dust, etc. Generally, PM,, is considered coarse and
PM,, as fine based on the diameter of the particulates.

Oxides of Nitrogen and Sulphur:
Oxides of Nitrogen (NO,) & Sulphur (SO,) are emitted largely due to fossil fuel combustion.

Carbon Monoxide:

Carbon monoxide (CQO) is mainly emitted from the vehicular exhaust and industrial stacks
Oxides of Nitrogen and Sulphur:

Oxides of Nitrogen (NO,) & Sulphur (SO,) are emitted largely due to fossil fuel combustion.

Carbon Monoxide:
Carbon monoxide (CO) is mainly emitted from the vehicular exhaust and industrial stacks

Secondary Pollutants

Ammonium (NH,’):
NH, emissions into air are due to nitrogen-based fertilizers. Emitted ammonia reacts with acid
pollutant and produce fine ammonium ion (NH,") containing aerosol.

Ozone (0O,):
O, is formed due to the combination of volatile organic compunds and Nitrous oxide in the
presence of sunlight.

Environmental
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m Adverse Outcomes on Society & Environment

Emission of primary pollutants and formation of secondary pollutants result in poor air quality
ultimately leading to some adverse impacts on human and environment as follows:

1. Health effects on human:

Emission of pollutants leads to respiratory
diseases such as bronchitis, asthma,
allergy, lung disorder, pulmonary diseases,
Lung cancer, etc.

2. Visibility:

Navigation during the time of
transportation is largely affected due to the
formation of smog. PM and O, are the
major contributors to reduced visibility.

3. Impacts on flora:
Reduced air quality within the atmosphere

Reduced Air Quality

can retard the growth of trees affecting
metabolism at the cellular level. Acid rain
can also damage trees and acidifies soll
reducing the yield.

4. Wear and tear of materials:

Acidic components formed due to the
reaction of pollutants in the atmosphere
result in acid rain that has a tendency to
corrode the building materials. PM has
discoloring properties reducing aesthetic
beauty and quality.

Once the impact outcome is known, the impacts can be quantified in monetary terms. To
understand the economic cost associated with air pollution, the following steps need to be

worked out.

m Quantification of Pollutants

Discrete methods to quantify air pollutants concentration other than EIA and LCA reports are

mentioned, as per CPCB guidelines, in Table 5.

Table 5: Methods of measurement based on pollutant type (CPCB, 2013)

SI. No Pollutant type

Method of measurements

1 Particulate matter

(PM,,& PM, ;)Gravimetric
TEOM

Beta Attenuation

Air sensors

2 Sulphur dioxide (SO,)

Improved West and Gaeke Method
Ultraviolet Fluorescence
Air sensors

&) Nitrogen dioxide (NO,)

Jacob &Hochheiser modified
(NaOH-NaAsO,) Meth

Gas Phase Chemiluminescence
Air Sensors
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SI. No Pollutant type Method of measurements

4 Ozone (0O,) UV Photometric
Chemiluminescence
Chemical Method

Air Sensors

5 Carbon Monoxide (CO)Non dispersive Infrared (NDIR)
Spectroscopy
Air sensors

6 Ammonium (NH,") Air sensors

In addition to ground measurements, modeling can be used to understand the dispersion of
pollutants in ambient air. AERMOD (American meteorological society & environmental protection
agency model) dispersion model can be used to determine the change in concentration of air
pollutant over the impact zone. The model uses various meteorological factors such as wind
speed, direction, cloud cover, temperature, humidity, precipitation, etc. to generate isopleth of
various pollutant concentrations such as PM,,, PM,,, SO,, NO,, O,, NH,, etc. based on hourly
averages.

Secondary pollutants such as O,, NH, isopleth may be less accurate as the properties of these
pollutants are not recorded in the AERMOD database. In such cases, CALPUFF (California
Puff) dispersion modeling can also be preferred. Both AERMOD and CALPUFF do not hold well
for modeling vehicular emission, in such cases CALINE (California Line) model is preferred.

Other than pollutant concentrations, meteorological conditions of the location are to be recorded
by setting up a met station for a minimum duration of 3 months as per CPCB standards. If not,
the Indian Meteorological Department recognized met stations data can be taken for model
simulation.

m Valuation of Air Pollution Damages

The above outcomes can be used to calculate the monetary impacts of air pollution, which is a
driver of the impact. There are various approaches like the cost of iliness, value of statistical life,
opportunity cost, shadow cost, that can be used for determining the monetary damage value.
The various dimensions to the calculation and related results are given in the subsequent
sections.

m Health Impacts (Mortality & Morbidity) Valuation

Value of statistical life and Cost of iliness method

Pollutants such as PM,;,, NO,, SO, result in various health damages such as respiratory
diseases, chronic obstructive pulmonary diseases (COPD), cardiovascular diseases and total
mortality. The determined pollutant concentration will be compared with National Ambient Air
Quality Standard (NAAQS, 2019) and subsequent damage cost will be evaluated for breached
concentration using formulas Eq (5) — Eq (9). Health risk assessment is calculated using factors
such as NAAQS standard on pollutant concentration as in Table 6, relative risk and baseline
incidence as shown in Table 7. Relative risk is the probability that a person is likely to develop
diseases via exposing to that of a person developing the same diseases without the exposure
towards air pollutants (Rothman et al., 2008). The valuation is carried out for both morbidity and
mortality using value for statistical life (VSL) and cost of illness (COIl) method respectively.

VSL is used for mortality cases, which can be calculated on the basis of baseline incidences and
relative risk of a particular disease. COl includes the total cost incurred such as medicinal cost,
travel cost, hospital admission and lost day (Maji et al., 2017).
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Table 6: National Ambient Air Quality Standards (NAAQS, 2019)

Parameters NAAQS standard (ug/m°)
Annual mean Daily mean
PM,, 60 100
NO, 40 80
SO, 50 80

Relative risk for exposed category 'c' Rr(c) is calculated using Eq (5). Where Ca is ambient air
concentration of pollutant 'K', Cw is NAAQS permissible standard for the pollutant 'K' as shown in
Table 6, Rr is relative risk for the pollutant 'K' and the value for the same is shown in Table 7.

R(c)=1+(C,-C,) x (R~1)/10 Eq (5)

Population attributable risk (PAR) is calculated using Eq (6). Where p(c) is proportion of
population in 'C' category being exposed to the pollutant.

PAR= (3[{ R(c)-1}] x p(c) )/ (X[ R(c)-1} x p(c)+1]) Eq (6)

leis the rate attributed to exposure in population and is calculated using Eq (7). Where Iw is
Bassline incidence per 10° population. The values for the same are shown in Table 7.

L= 1,x PAR Eq (7)

|..is the estimated number of cases of mortality/morbidity is calculated using Eq (8).
Where N is total population.

I =l.xN Eq (8)

ne ‘e

Table 7: Relative risk & baseline incidence corresponding to short term mortality/morbidity

Parameters | Health effect Relative Baseline References
risk (Rr) incidence (l,)
(Balakrishnan et al., 2011
Mortality 1.0044 1013 Dholakia et al., 2014)
Cardiovascular 1.006 497 (Zhang et al., 2010b;
Mortality Shang et al., 2013)
Respiratory 1.0082 66 (Zhang et al., 2010b;
Mortality Shang et al., 2013)
COPD Morbidity 1.005 101.4 (Lai et al., 2013)
Respiratory 1.0039 1260 (Chen et al., 2010;
PM,, Disease Lai et al., 2013)
Cardiovascular 1.0021 436 (Chen et al., 2010;
Disease Lai et al., 2013)
Total Mortality 1.0242 543.5 (Huang et al., 2011;
Shang et al., 2013)
Cardio vascular 1.0206 497 (Huang et al., 2011;
Mortality Shang et al., 2013)
NO, Respiratory 1.0371 48.4 (Huang et al., 2011;
Mortality Shang et al., 2013)
COPD Morbidity 1.009 101.4 (Lai et al., 2013)
Respiratory Disease 1.006 1260 (Chen et al., 2010;
Lai et al., 2013)
Cardiovascular 1.0095 436 (Chen et al., 2010;
Disease Lai et al., 2013)
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Parameters | Health effect Relative Baseline References
risk (Rr) incidence (l,)
Total Mortality 1.0068 1013 (Wong et al., 2008;
Shang et al., 2013)
Cardiovascular 1.013 497 (Wong et al., 2008;
Mortality Shang et al., 2013)
SO, Respiratory 1.0106 66 (Wong et al., 2008;
Mortality Shang et al., 2013)
COPD Morbidity 1.007 101.4 (Lai et al., 2013)
Respiratory 1.0014 1260 (Chen et al., 2010;
Disease Lai et al., 2013)
Cardiovascular 1.0079 436 (Chen et al., 2010;
Disease Lai et al., 2013)

The latest values of the global burden of disease can also be used to understand the relative risk
related to various diseases (GBD, 2010). and Total health damage cost calculated by VSL/COI
by (Maiji et al., 2017) is shown in Table 8. The values suggested are for the city of Agra which
need to be converted for the study area using per capita income for both cities using Eq (9)

(Per capita income Study region) Eq (9)

VSL 0r COl sy muger = (VSL 7 COlga ) X ((Per capita income agra)

Table 8: Mortality and Morbidity cost using Value of statistical life (VSL) and Cost of illness (COl)
method respectively. ( Maji et al. 2017)

Health effect Value (in ¥ as 2010) Value (in US$ as 2010)
Mortality 2683680 60000

COPD Morbidity 22824 510

Respiratory Morbidity 58280 130

Cardiovascular Morbidity 11906 266

m Monetising Damages due to Poor Visibility

To date, there are hardly any studies in India that calculate the extent of damages due to poor
visibility. However, given the gap and importance of the topic, there exists a need to carry out
site-specific studies so as to come up with a common methodology to assess country-level
damages. Willingness to pay (WTP) method (Muller & Mendelssohn, 2007) and direct transfer
function method (PWC, 2015) are previously used methodologies to assess the damage due to
poor visibility. WTP consists of a set of survey questions that determine the dwellers' willingness
to pay so as to eradicate the problem of poor visibility due to air pollution. A site specific generic
equation using statistical tool correlating willingness amount and other known dependent
parameters (population density, average income, extent of pollution area, average rainfall,
average temperature & air quality index) affecting visibility needs to be developed as in Eq (10).
This can be used as a direct transfer function in determining the monetary loss due to poor
visibility which avoids the need for WTP survey every now and then.

/P = [{(IHI - /LO)/ (BHI 'BLO)} * (CP 'BLo)] i ILO

Where,

B,,= Breakpoint concentration greater or equal to given conc.
B,,= Breakpoint concentration smaller or equal to given conc.
1., = AQI value corresponding to B,,

., = AQI value corresponding to B,,

C, = pollutant concentration Finally;

AQI = Max (I, ) (where; P=1,2,...,n; n denotes pollutants)

Eq(10)
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m Monetising Damages due to
Reduced Agricultural Productivity

No India specific studies are carried out to assess damage on agricultural productivity loss due
to air pollution. However there exist, certain studies carried out for foreign countries such as
(Muller & Mendelssohn, 2007; PWC, 2015), but when values are transferred directly can create
ambiguity as the values are site-specific. However, a similar approach can be followed to
develop India's specific framework. Marginal damage cost is the suggested method to quantify
the monetary damage due to agricultural productivity loss. The method determines the cost
incurred due to release of additional units of pollutants. India, being a victim of rising air pollution,
demands an urgent need in developing a country-specific framework to assess each damage
individually. Alternatively, benefit transfer can also be employed over the marginal damage cost
values along with subsequent uncertainties.

In order to show a case of how the calculations can be carried out, an example is given in detail
for the monetization of health impacts of air pollution..

Example:

City X" with total population 25 lakhs showed annual mean concentration for various
pollutants such as PM,;,, NO, & SO, as 110, 35 & 52 ppm respectively. Calculate the total
damage cost due to health risk (Mortality & morbidity).

Mortality due to PM,, exposure

Considering that the given population is subjected to short term exposure, relative risk due to
exposed pollutant concentration using Eq (5).

Rr(c) = 1+(110-60) x (1.0044-1)/10

Rr(c) = 1.022

Using Eq (6) Population attributable risk (PAR) is calculated as follows
PAR = (3[{ 1.022-1} 1x 1)/ (3[{ 1.022-1} x 1+1])

Where, p(c) = (Number of days of exposure in a year) / 365
PAR =0.02153

Using Eq (7) & (8) the number of cases subject to total mortality due to exposure of
pollutant PM,, is estimated

ne = 1013 x 0.02153 x 25
ne = 545.3 cases

Total monetary loss using VSL method is estimated using Eq (9). Here per capita income of
Mumbai district was considered for VSL estimation.

188739
795

VSL = 2683680 x

VSL =% 7.4 million as of 2010 per case

Damage cost due to mortality as a result of short term exposure of PM,, inflated for the year 2019 is
% 13.24 million (by considering inflation rate 1.79)

Similarly, Mortality/Morbidity cost estimated due to short term exposure of pollutants are estimated

Environmental
Damages Cost Assessment 20

180/ 227



Table 9: Mortality/Morbidity cost estimated due to short & long term exposure of pollutants

Pollutant Health effect Health damage cost
(million, %) as of 2019
Total Mortality 7184
Cardiovasular Mortality 4769
PM,, Respiratory Mortality 856
COPD Morbidity 7
Respiratory Disease 17
Cardiovasular Disease 6
Total Mortality 1
Cardiovasular Mortality 1
Respiratory Mortality 0.1
SO, COPD Morbidity 0
Respiratory Disease 0
Cardiovasular Disease 0
Total 7216

It is observed that, mentioned annual mean concentration for NO, is within the NAAQS
2019 standards, hence health risk assessment due to the pollutant 'NO,' was not carried
out. In the case of total damage cost estimation, only total mortality cost for individual
pollutants was considered to avoid double counting. The total damage due to exposure of
all the breached pollutant concentration is ¥7216 million as of 2019.

The above example gives an idea related to the calculation of monetary damages of the
health impacts of air pollution. For other damages like loss of agricultural productivity,
visibility, tourism losses; the approaches are given in the chapter can be used. A detailed
survey of on-ground data is required to calculate the actual damage cost of air pollution.
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Water pollution is amongst the main
problems faced by developing countries.

Many economic activities such as production,

transportation, consumption in all sectors
result in a direct and indirect discharge of a
pollutant in water bodies.

Despite the innovation of many water
treatment technologies, the problem of water
pollution is rising globally. This chapter
includes the methodology to assess and
identify the cost of water pollution. To assess
the damage cost associated with water
pollution, it is necessary to identify the
characteristics and fate of a pollutant. Also,
substance and contextual data such as bio-
accumulation factor, does response,
wastewater treatment level, geophysical
parameters, enforcement of regulations,
characteristics of receiving water body,

a) Metric Data: This data is related to the
discharge of effluent to the water from
sources.

- Pollutant source

- Pollutant Type

- Pollutant quantity

b) Substance Data: This data is related to
the characteristics of pollutants.

- Physical / Chemical characteristics of
pollutant (molecular weight, Partitioning
coefficient, degradation rate in water, air,
soil, sediment)

- Bio-accumulation factor

- Dose-response to human health

- Impact of pollutant on human
health/ecology/receiving water body

Environmental
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consumption of water and food product
derived from the affected area, etc. are
required to put monetary value for damage. A
diverse range of pollutants find its way in
water bodies through various means showing
equally diverse effect on human beings and
ecosystems. Quantifying pollutant discharge
can be done with the help of various water
modeling equations and software. If data
regarding direct discharge, drivers associated
with the discharges are not available then the
application of LCA can be used to get a
wholesome idea for quantification of pollutants
which is discharged from a source. Gathering
data is an important step to evaluate the
environmental impact of water pollution.
Described methodology considered three
types of data (PWC, 2015).

c) Contextual Data: This data is related to
the context in which pollutant are
released

- Wastewater treatment levels

- Enforcement of regulation

- Destination of pollutant

- Characteristics of receiving water body

- Immediate exposure to human

- Geophysical data

- Water consumption from affected water
bodies

- Consumption of meat, dairy, fruits,
vegetables, grains, fish, and seafood from
the affected areas.
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m Overview of Impact of Water Pollution

Water pollution caused due to accident or prolonged discharge of pollutants in water bodies
leaves an adverse impact on the overall ecosystem. Water pollution has already become a
serious problem in India and other part of world. To evaluate the monetary value of water
pollution pollutants are categorized in the following classes. There are numerous individual
pollutants that can be classified under the following key categories.

Disease-causing agents

Harmful microorganisms such as
Escherichia- coli (E- coli) can be released
in water by the sewage discharge. Also,
industrial discharge from food, leather, and
bio-technical industry releases pathogens
in water.

Synthetic organic pollutants

These include pesticides, synthetic organic
chemicals, and detergents. These
pollutants are of bioaccumulative in nature
and can become toxic in their subsequent
stages in the ecosystem.

Plant nutrients

Nitrogen and phosphorus are essential
elements for plants and animal growth.
Presence of these nutrients in large
quantities causes an algal bloom in water
bodies leading to depletion of oxygen from

water bodies

Inorganic chemicals and minerals

These include inorganic salts, mineral aids,
finely divided metals and metal

compounds.

Sediments

Sediments include soil, sand and mineral
particles washed into the aquatic
environment by storms and flood waters.
Also, a large deposit of pulverized coal, ash,
various industrial solids disposed into rivers
and marine waters.

Radioactive substances

Uranium and thorium mining and refining,
nuclear power plant, industrial use of
radioactive materials can cause radioactive
pollution in water bodies.

Oil

Oil spillage from industrial effluents, oil
refineries, oil storage tanks, automobile
waste oil, and petrochemical plants lead to
water pollution.

Thermal discharge

Discharge water used for cooling in power
plants and industry causes thermal pollution
of water.

m Societal and Environmental Impact

Pollution of water affects adversely the environment. According to reports, the heavy percent of
India's surface water resources and groundwater reserves are contaminated by toxic, inorganic,
organic, biological pollutants. In 2015, 0.64 million deaths per year are reported due to water
pollution in India. In developing countries the industry is responsible for releasing an estimated

300-500 million tonnes of toxic pollutants into the water every year (WWAP, 2012).

Damage to the human health:

Inorganic pollutants, toxic chemicals, heavy
metals that are discharged from various
industrial sources into the water bodies can
affect the health of humans who come in
direct contact with it. Prolonged exposure of
these toxic chemicals to the human can
cause various acute and chronic illness.

Damage to fishery:

Bio-accumulation of heavy metals and other
toxic chemicals in fish and other sea products
damages the fishery industry. Also, depletion
of oxygen in water leads to a decrease in fish
yield resulting in economic loss.

Damage to recreational function:
Eutrophication condition of water bodies can

Environmental
Damages Cost Assessment

affect the recreational value of it. Toxic bloom,
water congestion, unpleasant odor can lead to
the loss of the recreational value of water
bodies.

Introduction of toxic substances in water
bodies causes a decrease in livestock, crop
yield. Accumulation of toxic or nutrients in the
ecosystem can lead to loss of regulation and
supporting services.

Other indirect damages:

Eutrophication of water bodies affect the
potential sale value of local property. Also due
to the oil spill, there is a reduction in the
number of sea creatures which ultimately
hampers the seafood industry.
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m Monetary Evaluation of Damages due to Water Pollution

There are very few previous studies which are carried out in India to estimate environmental
damages due to water pollution. In order to develop a country specific framework, studies carried
out by foreign authors can be used. Alternatively, value transfer can also be used over completed
studies of different locations along with subsequent uncertainties.

To drive the monetary value of impact associated with water pollution relationship between levels
of activity to the degree of physical damage should be developed. The impact pathway describes
the link between activities, environmental impact, and resultant outcomes. The detailed pathway
is shown in Figure 3.

Drivers Impacts
—»|  Organic (| | Ground water — Damage to
> pollution human health
—»| Inorganic —»
! .| Surface water — V\éitse'e?,‘;ﬂf’,:y
Direct] ”1  pollution p
Industrial | Indirect Rl Damage
1 discharge > B torecreational
Domestlf_:/ > intog > - | Nutrient - fni
commercial , —>»| Nutrients —»—»|  Ppgllution
iviti water
activities bodins . — (Algal Boom) Damage to biological
uspende B diversity
> solids [ >
e Damage to
—» ngi?uigm’e —» — environmental
property
Thermal /
oil Other indirect
| damage

Figure 3: Drivers, outcomes and impacts of water pollution (Adopted from PWC, 2015)

m Damage to Human Health

Human health damage refers to both the loss of human lives and health harm due to pollution.
The dose-response method based on the type of pollutant present within the human body can be
used to estimate the damage cost. Site specific toxicity survey needs to be carried out on health
affected humans to analyses the dose-response factor of individual heavy metal contaminants
present in water. Total damage incurred due to the presence of pollutants can be determined by
the cost of iliness or DALY using the Eq (11). Cost of illness refers to total cost (Hospital
admission charges) incurred in treatment and Disability-adjusted life year (DALY refers to total
working days lost due to illness.

Total Health damage due to pollutant 'K' = Dose response x Discharged Pollutant
concentration 'K' x Cost of illness / DALY Eq(11)

For the valuation of damage cost associated with fatality due to water pollution person's potential

economic production shall be considered. Also, the cost of one fatality includes the living cost of

the dependent. Thus the cost of one fatality depends on age of victim, his income, number of

dependents on him. By assuming the life expectancy of healthy human 80 years we can estimate

the fatality cost using Eq (12)

Cost of one fatality = Victim's own loss in age + Cost of dependent's living needs

= [Victim's income x (80 — actual age)] + [ Income % (age of dependent*)

Eq(12)
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Age of dependent*:

a) For dependent above 60 yrs.: 80 — age of dependent above 60 years

b) For dependent below 18 yrs.: 18 — age of dependent below 18 years

Total cost associated with the damage to human because of water pollution can be calculated by
adding cost of fatality and cost of human health as shown in Eq (13)

Economic loss of damage to human health = {(Economic loss of one fatality x No. of fatalities) +

Total heath damage due to pollutant k} Eq (13)

m Damage to Fisheries

Surface water pollution directly affects the production of fishes and the population of fishes. To
recover the fish yield in water bodies, it is assumed that rejuvenation of the water body for a
certain time period is required. To roughly estimate the recovery time of the aquatic product, the
total days required for rejuvenation of contaminated water body is assumed. Assuming that
before the quantities of aquatic product recover, fishing is forbidden, thus the economic loss of
damage to a fishery can be expressed using Eq (14).

Total monetary damage on fishes = Daily gross income from fisheriesxTotal days for rejuvenation
Eq (14)

In case, fishing restricted areas or areas where fishing activity is not prominent, rejuvenation cost
related to surface water body treatment which can be also termed and analyze under control cost
method can be expressed as total damage cost associated with water pollution of that area.

m Damage to Recreational Function

There are many recreational activities associated with surface water quality such as swimming,
angling, boating, etc. Water pollution affects the economic function of these recreation activities.
To evaluate the cost associated with the recreation, willingness to pay (WTP) survey can be
carried out. The survey determines the total amount; people are willing to pay to restore the
damaged recreational site. The determined value can be considered as the total monetary value
of the damaged recreational site. Alternatively, the control cost method can also be employed as
a purpose of restoration. To evaluate the cost associated with the recreational function (Hong
Yao et al., 2016) suggested formulae as in Table 10.

Table 10: Formulae & Nomenclature to estimate damage associated with recreational area

Formulas Nomenclature

Lr=Leyt+ Lgr + L L, : the loss of damage to recreation
Ly : the loss of swimming

Ly, : the loss of boating

L, : the loss of angling

L., : loss of leisure means

Loy = PguX Ng, x d P, : the price of replacement of swimming
per person (/cap/ day)

Ng, : the number of people swimming

in the water per day (cap/ day)

d : duration of the pollution episode (day)

Lgr = PgrX Ng; x d Ps; : the price for replacement for boating (I/cap/ day)
Ng; : the number of people boating in water per day
d : duration of pollution episode (d)

Ly = PaX Ny xd P.s : the price for angling for boating (Z/cap/ day)
N, : the number of people angling in water per day
d : duration of pollution episode (d)
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m Damage to Environmental Property/Other Damages

Control cost method to rejuvenate the contaminated water bodies covers overall total damage
associated with respect to fisheries, recreational sites, environmental property, etc. In general,
control cost methodology refers to the cost incurred in operating conventional treatment
technologies to rejuvenate the surface water body.

As mentioned previously, there are studies carried out by foreign authors defining the damage
cost with respect to each pollutant such as BOD,, COD, TSS, heavy metals, etc. These values
can be transferred to the study location subject to the uncertainties. Needless to say, the ground
data would improve the calculations. (Murty and Kumar, 2004) have estimated the shadow
prices of water pollution for Indian industries as shown in Table 11.

Table 11: Shadow price of Physio-Chemical pollutants corresponding to individual industries

Industry/ Pollutant BOD per ton COD per ton SS per ton
Leather 45856.6 272568.3 92998.9
Distillery 80141.9 193283.4 115712.9
Chemicals 47999.4 223711.7 56142.2
Sugar 52713.6 2391401 71999.1
Paper & Pulp Products 79284.8 1251414 78856.2
Fertilizer 45428.0 2391401 4714.2
Pharmaceuticals 39856.6 273425.4 88713.2
Petro Chemicals 58285.0 178712.2 53570.8
Miscellaneous 57427.9 254139.9 51427.9
Overall 57427.9 216854.6 71570.6

m Value Transfer Method

The value transfer method was developed to evaluate the economic value of ecosystem
services. The application of the value transfer method can be done to evaluate the economic
value of water pollution. This method is based on the method of transferring available information
from already completed studies in another location or context.

The value transfer method is less costly and less time consuming than other available methods
for economic assessment. Without undertaking an original valuation study this method gives the
quick result for the assessment. Also, can be used as a screening process to decide whether the
original valuation study should be conducted or not. Whereas non data availability, less result
accuracy can be the limitation for this method.

STEP 1 STEP 2 STEP 3 STEP 4

Identify existing
studies or values

To decide whether
the existing values
are transferable

w

Quality of studies
to be transferred

ﬁ

Adjust the existing
value to better
reflect the value

for the case study
under consideration

w

Figure 4: Steps covered in value transfer method
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Studies have been carried out by foreign researchers to evaluate damages per kg discharge of
heavy metals into the water. Monetary value associated with given heavy metal emission can be
directly used in the value transfer method to calculate the damage cost due to the discharge of
heavy metal into water bodies above standard limits. The costs associated with individual heavy
metal are shown in Table 12 (Extern E, 1995).

Table 12: Environmental damages cost associated with heavy metal above permissible limit.

Pollutant Cost of per kg emission to water (€, 1995)
Lead (Pb) 178
Cadmium (Cd) 622
Mercury (Hg) 1,022
Dioxins 62,824,889
Antimony (Sb) 121,366
Arsenic (As) 308
Barium (Ba) 31
Beryllium (Be) 44,928
Copper (Cu) 17,479
Nickel (Ni) 12
Selenium (Se) 16,125
Zinc (Zn) 1

m Discharge Based Method

This method focuses on the economic loss incurred due to damage caused by the discharge of a
pollutant from point source into water bodies. This method is based on the value transfer method
and the actual cost method. Like the value transfer method, a reference study is considered as a
baseline study in this method also. While evaluating the cost, the potential damage from the
concerned pollutant is considered, accordingly, the assessment should be done. Damage can be
calculated for a particular parameter's value breaching standards prescribed by pollution control
authorities. The additional discharge, above the prescribed standards, is used for calculations.
Following assumptions are used for damage cost assessment:

1. An ideal river ecosystem provides all 3.  Average pollution loads and discharges
the ecosystem services as described in are used for calculation and represent
the impact pathway. the actual conditions

2. ltis the pollution dumped in the river 4.  The flow of water in the water on an
ecosystem which causes the damages average remains the same for the years
and hence it becomes unfit for any use of analysis considered.

The zeroth dimensional model is used to calculate the concentration at downstream flow after
the discharge of a pollutant in the water body using Eq (15).

(Cs X Qs + Cy X Q)

C Eq (15)
i Qs+ Q)

Where,

C; - Initial concentration in upper stream (mg/l)

Cs - concentration of the pollutant in the waste water (mg/l)

Q; - Initial flow of upstream (m°/s)

Qs = The effluent discharge of outfall (m’/s)

Damage cost can be calculated as shown in Table 13
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Table 13: Damage cost assessment calculation based on Dilution Model

Year Parameter (eg. COD) Unit damage | Damage cost | Damage cost
exceeded after dilution | cost in rupees considering
in river in mg/l inflation
n" X Y Xxy =z sum of inflation
rate upto n" year

In the above example, based on dilution and value transfer, the extent of damages in monetary
terms can be calculated. Another method of Preventive Expenditure can also be used in the
above case, in which the treatment cost of water can be taken at actuals as the value of
damages.

The above methods and idea give an understanding of the approaches which can be used for
the valuation of damages done due to water pollution. A detailed set of data is required to arrive
at actual environmental damages hence an on-ground study with primary datasets is always
recommended to arrive at better numbers than numbers arrived from shadow pricing or value
transfer method.

Example:
Calculate cost of damages due to release of BOD5 and chromium into surface body
with respect to details given using direct value transfer.

Discharge quantity = 1 MLD

Total days of discharge = 365

BOD, = 120ppm (Consider 0.033 € /Kg as of 2010 as damage cost)
Chromium = 0.2ppm (Consider 17479 € /Kg as of 1995 as damage cost)

Pollutant | Permissible | Discharge Discharge Damage cost | Exchange | Inflation | Total
type limit (ppm) concentration | concentration | for value rate damage
(Kg) transfer (Lakhs
(Hernéndez- %)
Sancho,
2010)
BOD, 30 120 90 0.033 60.59 1.69 1
Chromium | 0.05 0.2 0.15 17479 23.39 4.81 1076

Hence the total damage incurred due to release of BOD, and chromium for the
complete 365 days beyond the permissible limit is ¥ 1077 Lakhs.
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The amount of solid waste in urban areas has
increased significantly due to the increasing types of waste including organic waste,
population in urban agglomerations and the plastics, rubber, textile, leather, metals, glass,
lure of western lifestyle among people. etc.

Despite having country-specific waste
management rules to promote sustainable
development, the problem still persists. PIB,
2017 reported a total generation of 62 million
tonnes of solid waste for the year 2017 in
India, out of which 70% is collected from

A typical solid waste consists of different

Although in the case of solid waste being
generated from a particular type of industry,
the characteristics of waste may vary.

The key to deter adverse environmental
impacts due to different types of waste

which 28% is treated and remaining is
dumped into landfill. The increase in solid
waste generation as a by-product of
economic development has caused problems
corresponding to efficient collection,

including hazardous and non-hazardous waste
is by ensuring adequate segregation at
source, processing/treatment to optimize
resource recovery and recycle followed by
safe disposal of final unutilized residue into

) . scientifically secured landfill sites.
segregation, and safe disposal.

m Environmental Impacts Likely to be Caused due to Solid Waste

Poor management of solid waste has several adverse impacts on the environment via different
sources and media. The problem may pertain to any of the stages of waste processing, which
needs to be identified and quantified. (Example: Emission into the air from poorly maintained
collection vehicles, odor due to sick disposal methods). In general, environmental and societal
impacts due to impulsive handling of solid waste are classified as follows

GHGs Emissions

Various types of gases like methane (CH,), carbon dioxide (CO,) and VOCs (Volatile organic
carbon) are generated during the anaerobic degradation inside the landfills. CO, is also a part of
waste to energy plants (WTE). These gases, when emitted directly into the atmosphere, have a
significant effect on climate change which ultimately impacts the lifeline of the ecosystems. The
drivers and impacts are the same as mentioned in Chapter (2).

Aesthetic Environment

The most obvious and unrecognized damage caused by the solid waste site is aesthetic. The
aesthetics of the vicinity of a solid waste disposal site turns displeasing due to bad odor, visual
disturbance, noise, and communicable diseases from rodents, pests resulting in land value
depreciation and reduced demand of the area for residential purposes.
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Leachate discharge

Leachate generated from landfill sites when discharged directly has the potential to reach
groundwater and contaminate the same. Heavy metals (Cr, Mg, As, Cu, etc) present in leachate

are carcinogenic as they enter the food chain via direct contact with groundwater. This potential

risk can be avoided by providing landfill liners and leachate collection cum treatment systems at
landfill sites. Many landfill sites in urban areas are in dearth of the organized leachate

management system and hence the groundwater quality in the nearby areas is severely prone to
contamination especially during precipitation.

Poor air quality

Emissions of pollutants (particulates & gases) are prominent during the process of unscientific
incineration, open burning, informal dumping of construction & demolition (C&D) waste, operation
of poor maintained waste utility vehicles/machines and has adverse impacts on human health
and other environmental factors. The drivers and impacts are the same as mentioned in

Chapter (3).

Adverse Impacts
on Society and

Impact Drivers

Leachate release Reduced air quality, Environment

Waste management site soil contamination, Human Health

at vicinity surface and Aesthetics Climatic

Emission of pollutant groundwater patterns

GHG emission contamination, odor & Another Ecosystem
a visual nuisance, etc service

m Quantification of Pollutants Emitted from Solid Waste Site

In this context, solid waste sites are categorized into engineered landfill & open dumpsite. High
potential for pollutant emissions is from open dumpsite as it defies the norms of solid waste
management. United States Environmental Protection Agency (USEPA) approved tools such as
LandGem (URL 05) & SWEET (URL 06) are generally employed to quantify pollutants emitted
during various operations within the solid waste site. The inputs required to run SWEET &
LandGem model is as in Table 14. In the case of open dumpsite, using SWEET model pollutants
such as Particulates, GHGs, SO, & NO, are quantified with respect to emission from waste
collection vehicles, waste burning, landfill, landfill gas, and waste handling equipment. Whereas
LandGem uses first-order decomposition rates to quantify emissions such as CH,, CO,, Non-
methane organic compound (NMOC) and hazardous air pollutants (HAP) as listed in Title Il of
the 1990 USEPA Clean Air Act Amendments from the decomposed waste in the landfills.
Alternatively, air quality monitoring instruments and pollutant dispersion models can be used to
compute the concentrations of emissions as mentioned in Chapter (3).

Table 14: Input data required to run SWEET & LandGEM models

Sr. SWEET model LandGem model
No.
1 Treatment facilities employed within Start year of landfill site
the dumpsite
Start Year of dumpsite Site Closure year of landfill site
3 Estimated Population during the Waste design capacity
modelling year
4 Average Annual Precipitation Yearly waste input data
(mm/year)
5 Mean Annual Temperature (°C) Methane generation rate (K) based

on field data. Else consider the
default value as per the model
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Sr. SWEET model LandGem model

No.

6 Per capita waste generation rate Potential methane generation capacity (Lo).
(kg/capita/day) Default value can be considered in case of

absence of field data

7 Annual Average Growth Rate
in waste generation (%)

8 Percentage of waste generated

inside the collection Zone (%)

9 Waste Composition/characterisation

10 Number of trips of heavy duty diesel
vehicles in a year

11 Kilometre travelled by a typical
vehicles inside the landfill site
in a year (km)

12 Hours spent idling for typical
heavy duty trucks per year inside
the landfill site

13 Annual disposal :
Most recent year data

14 Type of Sites (Landfill/Dump Site)

15 Average Waste Depth(m)

16 Waste Handling Equipment
( excavator, Grader, Loader,
Bulldozer )

m Monetary Evaluation of Environmental Damages

This section describes the methodology to calculate environmental damages due to impact
drivers showing up at various stages of waste processing. Foreign studies were taken as
reference, as there exist no India specific studies on quantifying monetary-based negative
externalities due to poorly practiced solid waste handling. Implementing foreign studies directly
may have uncertainties associated with emission standards, market value, individuals'
awareness regarding the environment, etc. which needs to be considered until an indigenous
framework is developed.

m Damage Cost due to the Release of Greenhouse Gas (GHGs)

GHG's are inevitable parcels being generated during the degradation of solid waste. This can be
a global problem if not managed efficiently. GHG's are most common in the case of open dump
sites where poor solid waste management techniques are managed. GHG's emitted in terms of
CO, equivalent are determined using LandGEM and SWEET model through which monetary
damage is estimated as mentioned in Chapter (2).

3.3.2 Damage Cost due to Air Pollution

Monetary damage cost due to pollutant emission is quantified as mentioned in Chapter (3).
The quantification of damage to the environment due to NMOC (Non-Methane Organic
Compound) and other HAPs (Hazardous Air Pollutants) are not included due to the limitation in
the availability of the data. However, to identify the impacts of identical pollutants requires a
thorough cohort study. The current trend of the cohort has shifted largely towards identifying
adverse health impacts mainly due to particulates matter. Air pollution-related damages can be
evaluated as described in Chapter (3).
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E Damage Cost due to Release of Leachate into Ground

Untreated leachate released into the ground has a tendency to percolate into the nearby
ground/surface water bodies and soil surfaces causing contamination. Leachates are inventories
source for heavy metals, which when accumulated can have adverse effects on human health
and bio-diversity. Damage cost evaluation can be carried out using the avoided cost method.
Avoided cost method is the cost incurred in mitigating the potential effects on the environment
and humans due to the release of leachate. Avoided cost method evaluation is carried out by
considering total daily expenses incurred in treating leachate via various conventional methods
and is shown in Table 15 so as to comply with the discharge standards. The conservative
methods are limited to Physio-chemical parameter removal and underperform in case heavy
metal removal. Discharging leachate without considering heavy metal removal turns the entire
purpose futile. Hence Zero Liquid Discharge (ZLD) treatment system is considered along with
each of the conventional treatment methods that aid in heavy metal removal.

Table 15: Daily expense (as of 2019) incurred in treating of liquid waste using various
conventional technologies (CPCB, 2013)

Treatment | 5gp MBBR | SBR UASB+EA | MBR WSP
methods
Description
Power Cost 1538.7 1878.3 1274.0 1039.7 2514.3 185.1
per MLD
O&M cost 899.8 7371 695.6 937.6 0 665.4
per MLD
Chemical cost 2003.7 2003.7 1247.6 2381.8 0 27221
per MLD
Manpower cost 318.3 156.11 95.931 8.3 0 242.2
per MLD
ZLD cost 246400 | 246400 246400 | 246400 246400 246400
per MLD
Total daily cost 255926.1| 255955.5 | 253230 | 255759.9 251431.2 | 254034
per MLD

Where,

ASP — Activated sludge process; MBBR — Moving bed biofilm reactor; SBR — Sequential batch
reactor; UASB + EA — Upflow anaerobic sludge blanket + Extended aeration; MBR — Membrane
bioreactor; WSP — Waste stabilization pond; ZLD — Zero liquid discharge Alternatively, direct
value transfer method as in Chapter (4) can be employed in estimating the total damage cost,
given that heavy metal, physio-chemical characteristic & leachate generation is known.

m Damage Cost Valuation due to Aesthetic Loss

Dwellers residing within the vicinity of the solid waste sites are likely to be exposed to perpetual
externalities such as odor, noise, visual nuisances, communicable diseases via pest & rodents,
etc. Rather than considering individual damage cost, all the externalities are clubbed together an
aesthetic loss. Hedonic pricing method is generally employed to estimate land depreciation value
due to visual and odor nuisance as a part of a poorly managed solid waste site within the vicinity.
The hedonic method evaluates the economic value of goods with respect to the direct or indirect
effect of other marketed goods. Table 16 shows the land depreciation value due to the presence
of a solid waste site. Several studies revealed land depreciation loss of range 0.4% to 17.6% per
km up to 5km from the solid waste site, beyond which there is no impact (Arif & Doumani, 2014).

Apart from the damages, it is important to understand people's perception of the problem and
the same can be studies in term of willingness to pay. The section 5.3.5 gives a brief framework
for evaluating willingness to pay of people.
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Table 16: Land depreciation value using the hedonic pricing method (Nelson, 1978; Arif &

Doumani, 2014)

2

FEERI

Solid waste site type | Area (m2) | Radius 1 (m] Radius 2 (m) Losses 1 | Losses 2
Landfill >0 <30 >31to <100 15% 10%
Municipal dump site <500 +20 >20 to <100 10% 4%
Municipal dump site =500 + 200 >200 to <1000 | 10% 4%

m Willingness to pay method

Willingness to pay in the context is the maximum amount an individual can contribute in
managing the solid waste scientifically. The monetary estimation is carried out by survey among
the dwellers within the vicinity who are victims of poor waste management activities. The survey
gives an overall image regarding the waste management awareness, total damages incurred to
the environment and humans favoring the need for developing strategies in waste management.
A typical questionnaire is shown in Table 17.

Table 17: Questionnaire survey to estimate monetary damage using willingness to pay

»
e
4
o

Questionnaire

Name

Gender

Age

Household Size

Duration of stay (in years)

The distance of house from dumpsite

Daily waste generation rate (Kg/day/household)

Does the waste collection vehicle daily collect your household waste?

© (0N~ [W|IN]|-~

Is there any amount paid for waste collector/rag pickers. If yes, mention the
amount per Kg waste

10 Mention, If any other type of disposal practice followed (such as open
dumping, Insitu- composting, burning)

11 Does dumpsite at your vicinity cause inconvenience?

12 Mention the severe problems that tend to be due to the presence of nearby
dumpsite. Mention the expense incurred to overcome the negative
externalities

13 Any negative impact observed on air quality? Eg (Dust, odor)

14 Any negative impact observed on water quality? Eg (Change in taste, odor,
color, etc)

15 Is there any aesthetic loss caused due to the presence of a landfill. If yes,
mention the after effect on land prices

16 Suggestions to improve the nearby dumpsite.

17 In case of implementing improvement to the existing solid waste dumpsite,
What amount can be contributed Every month as a purpose of
maintenance?
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Example:

Municipal dumpsite was reported to be violating environmental standards. The details of
dumpsite are as below. Calculate damage cost due to leachate release and disaminiety for
the complete year 2019.

Total area of dumpsite = 650 m’ (radius)

Leachate generation = 300 KLD

Nearby land price = 2000 m? (Reported for the year 2019)
Damage cost due to release of leachate into the ground (%)

ASP MBBR SBR UASB+EA MBR WSP

76777 76786 75969 76727 75429 76210

Damage cost due to aesthetic loss (%)

Waste site | Total | Radius 1 | Radius 2| Area 1 Area 2 Loss1 | Loss 2 |Total

type area (Million, (Million,| (Million
?) ?) 3)

Municipal |650 |214 814 143872.38 | 2081606.73 | 29 166 195

Total damage cost estimated due to the release of leachate range from ¥ 75,429 —
376,786 perdayie., ¥ 27,531,585 —% 28,026,890 per year Total aesthetic loss estimated
for the year 2019 = % 195 million.

Hence, Annual damage cost due to release of leachate and aesthetic loss = ¥ 223 million

Improper solid waste management can become a complex problem as it affects the environment
from multiple angles including but not limited to GHGs, Air pollution, water pollution, soil
pollution, human health, etc. The above approach can be used to evaluate the overall
externalities associated with solid waste generation and management. The assessment and
monetary evaluation can be further extended to various scenarios in which recycling and
reducing the emissions can also be evaluated as cases of Cost Benefit Analysis (CBA). The
scenario analysis will guide to which method has the least footprint and provides maximum
benefit.
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Case Study 1:

Assessment of environmental damage cost due to air and water pollution
for Nagpur city.

Nagpur, city located in Maharashtra, has a total projected population of 29.3 lakhs (approx) for
the year 2018. Environmental status reports (ESR) for developing cities are prepared with a
concern towards environment; analysing the pollution trends, degradation rate and subsequent
shift in policy and legislation to improve ecosystem sustainability. Similar report for Nagpur city
shows annual concentration of some pollutants (air and Nag river water quality) to be exceeding
the permissible limit set by CPCB. The damage cost on both human health and river ecosystem
due to higher contribution of air and water pollutant respectively is to be quantified using value of
statistical life/cost of illness method for air pollution and direct value transfer method for water
pollution.

Annual Emission of various pollutants such as PM,,, SO,, NO, into air atmosphereare 105.83
ppm, 17ppm and 50ppm respectively (ESR-Nagpur, 2019).

In case of water environment, damage caused to Nag River due to discharge of pollutants
beyond the permissible limits is to be estimated. Total volume of river is estimated as 6086 MLD
(MPCB, 2011) using the various references available for the dimensions of the river. Physio-
chemical characteristics of Nag River such as BOD5 and fecal coliform concentration were 112
mg/l and 16 x 10° MPN/100 ml respectively (ESR-Nagpur, 2019).

Damage due to air pollution

Assumptions:

+  WHO global relative risk for health applied for estimation of burden of disease
* 6% average inflation rate for India

Exceptions:

e Air Pollution impacts on crop damage and infrastructure damage not included
*  Only major diseases as per WHO considered for mortality and morbidity

The health damages caused by air pollution in Nagpur city are estimated and given in Table 18.

Only PM,, valuation is carried out for 2018 as it was breaching the standard. SO, and NO, are
within the standards and hence the damages related to than is not valued. Morbidity is valued by
using the estimates of cost of treatment and related expenses under the heading of cost of
illness and mortality using value of statistical life using Eq (5-9). Disability cost due to
unfavourable health condition is also taken into consideration. The valuation is based on per
capita income of the individuals in the city.

Table 18: Monetary valuation of air pollution health impacts in Nagpur city (X crore)

Pollutant | Mortality/ Mortality | Cost of | Disability Total Total Cost
Morbidity Damage | lliness Cost Cost per Pollutant
Total 3621 3621
Mortality
Cardiovascular| 1919 1919
Mortality
PM,, Respiratory 380 380 3,622
Mortality
Respiratory 04 0.5 0.9
Disease
Cardiovascular 0.15 0.35 0.5
Disease
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Damage were estimated with respect to CPCB prescribed best designated use 'C' class of water
as shown in Table 19.

Damage to river ecosystem

Table 19: Best designated use as per CPCB standards

FEERI

Designated best use Class of water criteria

C Total Coliforms Organism MPN/100m|
shall be 5000 or less pH between 6 to 9
Dissolved Oxygen 4mg/l or more
Biochemical Oxygen Demand 5 days 20C

3mg/l or less

Drinking water source after
conventional treatment and
disinfection

Assessment is carried out on the basis of damage cost value suggested by (Hernandez-
Sancho et al., 2010) and (URL 08) for BOD and Fecal coliform respectively. The values are
transferred fro Indian context and are calculated based on Eq (16) to predict the annual
economic damage cost for the year 2018. Economic damage cost due to excess BOD value
suggested by (Hernandez- Sancho et al., 2010) was € 0.033 as per year 2010.

Economic damage (X) =F x P, x D_ x E; x I. x 365 Eq (16)
Where,
F =Flowrate (Lt/day)

P. = Pollutant concentration (Kg/l)

E. = Exchange rate ()
I = Inflation (URL 05)
D, = Economic damage cost (cost / Kg)

Fecal coliforms are reduced basically by disinfection. Chlorination is the most commonly used
disinfection method. While chlorine dosing, an important parameter to be taken into
consideration is final residual chlorine content. Final residual chlorine suggested by Indian
standards for drinking water IS 10500:2012 is <1 mg/I (BIS, 2012). Generally in water treatment
plants to retain residual chlorine <1 mg/l, Chlorine not more than 5 mg/l is dosed. The study
carried out by (Pant & Mittal., 2007) showed that 5 mg/l dosage chlorine reduced fecal coliform
content by less than 90%. In this case chlorination method is not efficient as it fails to reduce
fecal content of Nag River as per the requirement put forth for class C water type. Ultraviolet
treatment is next cost effective and feasible solution and hence is considered in this study for the
purpose of disinfection. UV of dosage 40mj/cm? will suffice to reduce the fecal content as per the
required standard (NYSERDA, 2004). The cost of UV treatment with dosage 40mj/cm’ as
suggested by USEPA was $0.046/100m’ for the year 1996 (URL 08).

Table 20: Environmental damage cost due to pollutant loading in Nag River

Parameters | Pollutant CPCB Breached values | Water Environmental
concentration | standards | of Pollutants quantity | damage cost

(MLD) (Lakhs, %)

Biological 112 mg/l 3 mg/l 109 mg/l 6086 9919

oxygen

demand

(BOD)

Fecal 16 x 10° 5x10° 15.95 x 10° 6086 1612

coliform MPN/100ml| MPN/100ml | MPN/100mI
Total 1531

Table 20 shows the total economic damage incurred due to pollutant loading (BOD & Fecal
Coliform) in Nag River. The value estimated is ¥ 115 crores.

Therefore, the total economic damage cost incurred due to air pollution and pollutant loading in
river Nag is 3737 crores.
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Case Study 2:

Assessment of damage cost on Daman-Ganga river due to discharge of excess
(breaching the desired standards) pollutant concentration from vapi CETP.

Daman Ganga, also known as river Daman, flows through the state of Maharashtra and Gujarat
as well as through the union territories of Diu, Daman, Dadra and Nagar Haveli. The river was
major source of water supply for irrigation and other purpose with various biotic and abiotic
interactions. A survey conducted on common effluent treatment plant (CETP) at Vapi, which
dispenses its treated water into Daman Ganga River found discharging treated water with very
high organic and solid content. It was analysed that final treated water had organic and solid
content approximately 1.5 and 4.5 times the standards set by the CPCB respectively. This action
has disrupted the ecological balance of the river which is evaluated in this case study.

Approach of shadow pricing mechanism is used for damage cost calculation. The shadow price
refers to the value of damage which could have been avoided if the treatment would have been
done for the pollutant loads. Thus the basis of economic evaluation is avoided cost method.
Shadow prices (avoided cost) have been referred from (Hernandez- Sancho et al., 2010). The
paper describes the shadow prices for each pollutant individually and are represented in Table
21.

In order to estimate the damages done to the river, the CPCB discharge standards have been
taken into consideration. The base data for each parameter is taken from the GSPCB data
shared with the committee for the last 5 years. The resolution is monthly, hence the calculations
are also done on monthly basis. Months in which the discharge limit, are being breached, are
considered for analysis and yearly average value for each parameter is taken for calculation.

The estimation of damage cost is done for 2018 values. An average of 6% inflation for each year
is considered from the base year of calculation. The damage cost per kg of the load used for the
study is given in the Table 21.

Table 21: Damage cost for each pollutant in €/kg

Pollutant Damage in €/Kg (2010)
Nitrogen 16.353

Phosphorous 30.944

Suspended Solids 0.005

Biological Oxygen Demand 0.033

Chemical Oxygen Demand 0.098

The euro figure is converted into Indian Rupees using exchange rate for 2010.

The load calculation and cost for each pollutant load is calculated and given in Table 22, 23, 24,
and 25 respectively for COD, BOD, TSS and Nitrogen.

Table 22: Cost of damages for excess cod discharge in ¥ lakhs (2018)

Year | Discharge in MLD| Breaching Standard,| Load exceeding the| Cost in
(Million liters value of COD in mg/l| standard in Kg % Lakhs (2018)
per day) (above 250 mg/l)

2013 | 53.65 274 14717 508

2014 | 53.82 261 14047 485

2015 | 53.16 148 7872 272

2016 | 53.01 29 1515 52

2017 | 51.96 29 1498 52

2018 | 53.90 28 1527 53
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Table 23: Cost of damages for excess bod discharge in ¥ lakhs (2018)

i

Year | Discharge Breaching standard, Load exceeding Cost in
in MLD value of BOD in mg/I the standard in Kg X Lakhs (2018)
(above 30 mg/l)
2013 | 53.65 41.17 2208 26
2014 | 53.82 22.50 1211 42
2015 | 53.16 0.00 0 0
2016 | 53.01 0.00 0 0
2017 | 51.96 0.83 43 1
2018 | 53.90 0.67 36 1
Table 24: Cost of damages for excess tss discharge in ¥ lakhs (2018)
Year | Discharge Breaching standard, Load exceeding Cost in
in MLD value of TSS in mg/l the standard in Kg % Lakhs (2018)
(above 100 mg/l)
2013 | 53.65 77.83 4175 7
2014 | 53.82 61.17 3292 6
2015 | 53.16 0.50 27 0
2016 | 53.01 1.33 71 0
2017 | 51.96 0.17 9 0
2018 | 53.90 0.00 0 0
Table 25: Cost of damages for excess nitrogen discharge in ¥ lakhs (2018)
Year | Discharge Breaching standard, Load exceeding Cost in
in MLD value of N in mg/I the standard in Kg % Lakhs (2018)
(above 50 mg/l)
2013 | 53.65 383 179 1031
2014 | 53.82 43 233 1344
2015 | 53.16 0.2 9 51
2016 | 53.01 0.8 44 255
2017 | 51.96 4.4 229 1323
2018 | 53.90 3.8 207 1191
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Table 26: Cost of damages for excess nitrogen discharge in ¥ lakhs (2018)

Damage cost in lakhs (expressed in 2018 %)

Year | COD BOD TSS N Total
2013 | 5.08 0.26 0.07 10.31 1572
2014 | 4.85 0.42 0.06 13.44 1877
2015 | 2.72 0.00 0.00 0.51 323

2016 | 0.52 0.00 0.00 2.55 307

2017 | 0.52 0.01 0.00 13.23 1376
2018 | 0.53 0.01 0.00 11.91 1245
Total in Last 6 Years in ¥ Lakhs 6700
Average damage in each year in ¥ Lakhs 1117

From the above Table 26, it is clear that a damage of ¥ 67 Crore has been caused due to

i

excess discharge of pollutants in the river ecosystem in last six years between 2013- 2018. An
average of ¥ 1117 Lakhs damage to environment in each year. A linear extrapolation of average
damage per year yields a total damage of ¥ 234 Crores due to operation of CETP for 21 years till

2018 since its inception in 1997. The above damage is directly attributable to the CETP

discharge and hence this is the damage done by CETP to the Daman - Ganga river ecosystem.
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Summary and Conclusion

The economic growth of the world started majorly with the industrialization. The raw material
required for different industries directly or indirectly comes from the natural resources, the
ecosystem and the biodiversity of the ecosystem that human lives in. Bio-diversity refers
generally to variability within the living environment. The problem is not the utilization of the
natural resources but the indiscriminate and overexploitation of ecosystem or unsustainable use
of the very biodiversity that has life-sustaining functions. Often businesses and communities
forget that they are part of the ecosystem, such that if the environment is polluted or degraded
ultimately humans are going to get affected adversely. Biodiversity loss threatens human
economic activity by destroying the resources millions of people rely upon for their own lives and
livelihoods. Hence it is our responsibility to maintain and preserve the structure of our current
habitats and ecosystems as well as the economic systems and industries which they support.

Today's for profit oriented businesses and communities need to understand that if they do not
value environment, ecosystem, and bio-diversity properly, in time they are going to cost them
dearly. So much so that companies had to shut down operations because of the non-availability
of natural resources in a particular region. But, in order to make business, governments,
communities and public in general, understand the true value of nature, it is necessary to
demonstrate it and hence the valuation is necessary.

Not only for making communities understand, but also this process of valuation is an excellent
tool for policymakers and especially in India where the importance of preserving the environment
is increasing rapidly. For example, in 2016, CPCB released guidelines on implementing liabilities
for Environmental Damages due to handling and disposal of hazardous wastes. The guidelines
suggest that penalties are to impose depending upon the level of hazard which has taken place
and if the company itself is taking action or CPCB or SPCB has to intervene first. However, the
penalties are decided not on the basis of a particular externalities evaluation methodology which
is the need of the hour. Similarly, MoEFCC notification (S.O. 1805 (E); 804(E)) on violation cases
in the realty sector, the guidelines are being formulated for penalizing the businesses who have
not obtained the environmental clearances beforehand. In such a case, a tool can be developed
based on the above methodologies in order to assess the actual damage to the environment and
hence determine the value of the penalty.

Environment damage cost assessment (EDCA) has been briefed for major 4 sectors namely air,
water, greenhouse gases and solid waste. In general, EDCA does not limits itself within these 4
sectors but can be extended with respect to land use, bio-diversity & other ecosystems. The
main purpose of the report is to mainstream the concept of EDCA so as to bring awareness
among the policymakers, industrialists, and environmentalists. The concept is not to obstruct any
kind of development, but to pay serious attention towards the improvement of degrading
environment as a matter of concern towards sustainability.

This report illustrates, the major concepts/methodology required to estimate damage cost for
each of the 4 sectors. There exist several studies previously developed for foreign countries. The
concept of EDCA, has just begun gaining attention in India, hence a robust framework with
methodology has to be developed to estimate country specific damage cost assessment. As the
country is largely facing environmental issues due to inadequate management, there is an
urgent demand for the need for EDCA. However, due to lack of country specific studies, work
carried out by foreign authors are used as references to determine the monetary damages.

EDCA is generally carried out using several methods. Major of the methods are covered in the
chapters with an example for each. India/Asia specific study for mortality/morbidity assessment
due to air pollution is carried out by several researchers. Other major adverse impacts such as
effect on agricultural productivity, poor visibility, etc are considered due to lack of site specific
methodology. However, a surrogate idea with respect to foreign studies has been suggested, so
that the total damage cost due to air pollution covers the major of the adverse effects.

Untreated sewage discharge is the main cause of water pollution. The situation worsens when
effluents and other hazardous materials are dumped into a water body. Commonly employed
assessment method for damage cost estimation due to water pollution is direct value transfer
which considers the monetary loss due to individual breached pollutants. There is alternative
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methodology such as control cost method, a contingent valuation was suggested so as to
develop site specific studies for minimizing the uncertainties with respect to the previous concept
of direct value transfer.

Greenhouse gases majorly affect the climatic conditions. The report uses the method of social
cost of carbon (SCC) to determine the damage cost due to release of CO, equivalent gases.
SCC employed in the report is as per USEPA estimation. However, country specific SCC
estimation is essential to support the final damage cost assessment.

Poor solid waste management techniques can damage all the three mentioned sectors in the
previous chapters. The concepts and methodology developed to assess damages for the
previous environments (air, Water & GHG) can be used here. In addition to this environment,
depreciation of land value is common within the vicinity of the solid waste site which is termed as
an aesthetic loss. Previous researchers has evaluated the damage due to aesthetic loss using
hedonic pricing and the same is mentioned in the chapter. However, there exists a site specific
survey to assess the hedonic pricing method to determine monetary damage.

All the basic concepts needed to estimate the monetary loss, covering major areas of damage is
defined in these chapters. Further, if country specific database is developed for the damage
related data including dose-response, on-ground impacts, the above-defined methodologies will
pave the way for India. Certain drivers of externalities like freshwater depletion and bio-diversity
related impacts need a more detailed framework and database of its own. These parameters can
be explored simultaneously along with the four major impact drivers explained above.
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About The Report

Extraneous and unreasonable interventions by humans into nature lead to adverse
effects on overall environment. Climate change, air pollution, water pollution,
biodiversity loss and many more are examples of environmental concerns that are
faced by humans today. It is a way, in which, nature is trying to close the loop. Activities
beyond a limit should be curtailed and regulators are trying hard to keep environmental
problems in check. To combat environmental issues and to lead a sustainable future, it
is today's need to evaluate the environmental damages in monetary terms. It will not
only help the regulatory body to penalize damage-causing agents but also will help in
decision making for better environmental policies.

Through this special report, authors have tried to build a primary framework of
methodologies for calculating the monetary value of environmental damages, by
considering Indian data and scenario. Proposed methodologies will give a general
scheme for carrying out calculations relating to environmental externalities from a point
and non- point sources of pollution. Incorporation of various case studies and examples
will help readers to understand this report comprehensively.
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V1 Dyke Breach — Additional data submission to NGT Committee for
environment damage assessment

| S.NO. |

1,

| 3b.

REQUIREMENT STATUS
| Expenditure on Studies:
-Emvironment Damage Awarded to NEER]. PO, Mo.4000231379.
Assessrment Value Rs.22.9 lacs, GST 18 %. Total - 27 lacs
-fsh dyke Technical fwarded to lIT Roorkee vide F"I::I Mo 4!5-!]{]:-":' Eﬁﬁ
Evaluation Total Value — Rs. 8.9 lacs
Other studies: Consultancy | Awarded to NIT Rourkela vide PO No. 4000234634
for restoration of V-1 ash | Valee Rs. 2.3 lacs
| dyke o
Third Party report on | The discharge in Reservoir was essentially AWRS water only

effluent . discharge in

| FESEFVOIF

that was getting collected in the OFL. AWRS 3 water report
of Nov'19 attached as Annexure 1

Discharge “of Ash Slurry

| subseguent to breach

and its daily quantity

When were the pipelines
plugged and AWRS made
operational.

Ash slurry discharge was done In the other available dykes
of WSTPS (V3A, V3B, VA, V4B). Stage 1 & 2 were being
operated on part-load for many days till the ash discharge
locations were streamlined. Average Daily slurry discharge
| of 51g 1, 2 is estimated to be 76000 m3 during this period. |
Ash slurry discharge from the damaged ash pipelines was
stopped immediately and load was reduced till alternate
pipelines became available. Damaged Ash pipelines were
repaired within two days. S5TPS AWRS status will be given
by 55TP5.

Till how many days the
51 dyke discharge was
continued towards
TESRIVOIT,

Ta be replied by S5TPS

== S

Decanted water stored | Decanting pond area of OFL: 89,479 M2, Height of |
Embankment s 3 Mtrs [[6+0)/2], Free board is 1.5 Mitrs |
hence ponding depth s 1.5 Mtrs, Total accumulated water
in OFL=1,34.218 Cum

quantity

T A \ —""Jv
ML s Jal : R
T TR 11?1] Ul -
L | ERAGIALD
b fo o FEa T

aatt el ol 1
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| 3e. Dimension of 51 decant | To be given by 55TPS.,
: pond
42 |Totalashcollected | ~175jacT
ah, Total Expenditure | ~ 2.1 Crores
Incurred im Ash Bemoval | {PO Nos, 4000229578, 4000233086, 4000236268, 4000239678
mummmﬂ_ﬂ? 4000224619, 4000238341
4c, Machinery deputed Podlain/Dumpers/Hyvas/T ractor etc,
ad. Tatal km run of dumpers | 71,006 km
i
4z, Average mileage of (@.Skmjl
machinery deployed —
5a. Expenditure incurred on | Contract value Rs. 2 crores. PO no, 4000241902, Work in
dredging the ash from | progress.
Rihand Reservolr
5b. Expenditure incurred on | . Estimated gty deposited in OFL following the breach = 1
dredging the ash from lac cum.
AWRS OFL ii. Estimated expenditure on dredging — 1.2 crores. PO MNa,
550027304 Work in progress.
5C. Cost of Other Repairs i. Repair of OFL of V-1/V-2 ash dyke: PO No. 4000230889

Rs. 47.8 lacs [including G5T)

li. Rip rap work in OFL: PO No. 4000231555 Rs. 76.4 lacs
[inctuding G5T)

ii. Repair of breach area of V-1, new decanting well,
additional spillway in ¥-1: PO No. 550027304, Approx
cost: 6.0 Crore
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V1 Dyke Breach — Additional data submission to NGT Committee for

environment damage assessment
(Ref: RO, MPPCB ISig'_l,g[guﬂ] letter no. NGT/ 11?,,!!!]14!3 dtd Uifﬂﬂtlﬂ

5.NO.

QUERY

V5TPS SUBMISSION

B B

Aminii i Wawiaes
i i

ijit 1= categorically stated that no ash slurr'-,I:

discharge was done by V5TPS in the OFL of 55TPS
at any stage.

iijDecanted water from the OFL of VSTPS dykes of
V3a, VIB did overflow Into the OFL of 55TPS.
However, since there is no flowmeter installed at
the OFL point, the exact quantity of overflow
water is not known,

Wik TR RERda.
Wi iR

e

Subsequent to the V1 ash dyke breach on
D6/10/19, VSTPS had 4 operational ash lagoons,
namely V3A, V3B, V4A and V4B which were
catering to the ash slurry discharge of Units of all
the 5 stages of the Plant. The ash line discharge
from Iindividual stages is not segregated dyke wise.
The overflow inte the OFL of S5TPS takes place
only from the OFL of v3iA and V3B, 35TP5 OFL
basically caters to the decanted water of 51, 52
dykes. However, an overflow of V3A, V3B OFL may
not necessarily cause an overflow of SSTPS OFL
unless there is an unbalance In the water flowing
i to the OFL and the water discharged from the
OFL through the AWRS of 55TPS5. As long as the
OFL of 55TPS is not overflowing, overflow from
ViA, V3B OFL is not closely monitored. Hence,
there is no record of exactly when the overflow
from W34, V3B OFL started overflowing into the
OFL of SSTPS and when it got stopped altogether
although it can be assumed that it started on
07/10/13,

mimA mitRRimmIm
W Rty 2 L O
FREmERR IR
wiREhn

i AWRS restoration work was started on 07/10/20,
iiJAWRS was taken back in service on 02/12/20

=
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06/09/2020 Gmail - AWRS overflow calculation

M Gmail Sunil Kumar Meena <biosunil2006@gmail.com>

AWRS overflow calculation

Munish Kumar Jain <mkjain@ntpc.co.in> 6 September 2020 at 10:01
To: biosunil2006 <biosunil2006@gmail.com>

g II@?RJ/ Dear Sir,

May pls go through the attachment.

Hlar Ygdiq / Thanks and regards .
MUNISH JAIN

AGM (EMG), NTPC-VINDHYACHAL.
Mob. 9415342516

:ﬁ AWRS OVERFLOW (OCT-NOV).xIs
30K

https://mail.google.com/mail/u/0?ik=2fab0310c0&view=pt&search=all&permmsgid=msg-{%3A167705752245597906 3&simpl=msg-f%3A1677057 5229815 1227


https://mail.google.com/mail/u/0?ui=2&ik=2fab0310c0&view=att&th=17461aee65e2a437&attid=0.1&disp=attd&safe=1&zw

M/s NTPC Vindhnagar

Total Ash Generated (Oct'19-Nov'19) 1376380|MT
Dry Ash Utilisation (Oct'19-Nov'19) 12675|MT
Total Ash Disposal to Ash Dyke(Oct'19-

Nov'19) 1363705(MT
Total Ash Disposal to Ash Dyke(Oct'19-

Nov'19) 1136421|cum
Total Qty of Water used for Ash

Disposal to Ash Dyke(Oct'19-Nov'19) 6818525|cum
Total Qty of Water available for

recirculation (Oct'19-Nov'19)

considering 20% loss in Toe drain and

10% in evaporation 4772968|cum
AWRS Flow Oct-19-Nov-19 ( based on

pump running hours) 3724825|cum
Overflow Qty 1048143|cum
Overflow Qty 17469|cum/day
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AWRS Flow Oct-19-Nov-19 ( based on pump running hours)

MONTH ST-1 ST-2 ST-3 ST-4 ST-5
/ / / / / Total
Rufmr?in Quantity Rufmr?in Quantity Ruﬁ:in Quantity Ruﬁ:in Quantity RuF\:in Quantity [ Quantity
9 inm3 9 inm3 9 inm3 9 inm3 9 inm3 M3
hours hours hours hours hours
Oct-19 10000 24 16800 100 50000 1293 | 1228350 744 632400 1937550
Nov-19 0 0 0 385 192500 | 1034.5 | 982775 720 612000 1787275
Total 10000 16800 242500 2211125 1244400| 3724825
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NTPC Limited

§ A, Hl’“ﬁﬂ!iiﬂ'

sty Frentdy
OBIVEMGR2020 D 03 0% 2020

The Regonal Officer
Madhya Pracesh Pollution Comtrol Boan
Bhakunr Naugarh

Cestt. Singraull (MP) 488887

Pleasa find attached hacewith information as desired. vide your letier ref No. NGT/ 117 7/ 2014
| ROPCE/2020 dtd 2 09 2020 In Respect of NTPC- Singraul) Super Thermal Power Station
Shaxtinagar, Sonebhadm (UP)

Thanking You.

Yours faithiully.

£
AGMEMG)
SUDEEP MANNA FETS %=
ACAIITAD & (A S0V T !

Encl as above NG Sngraull TLA R,
Shaitinagar THIT TR 2000

et vy it wyy stwm, dg nffwrre Trm eeer G0 un o 290227 TG RAAE DLIRIN. WO Ake  seinbemm T
Rgnls b Figmal Pty finrross P01, iighmenin. [hal  iriakimd B3 314170 L VTR L bR ELIEE

wiligs winn | gafdil we e sies, w FEdtegyn ofn s0d e wp el - 1edaud
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NTPC Shaktinagar

Annex-1

: reply regarding S1 Dyke AWRS pipe line due to Breach of V1 ash dyke of Vindhyachal STPS

|' —_— e R
. : | Reply
1 | Expendiure of assesament studies
-Environmental damage studies Not pertaining to NTPC Shaklinagat
- | -Ash Dyke Strength T Ganducied through IIT Roorkes report
| - submitted cost Rs 40000000
] - Other l'tu&y “THI
i -Eam_ﬁﬁ“ﬁﬁliﬁ (if an_llri e Nil
12 r.ﬁny thirdd pmt,r m:l.hng r.pnriai effluent itl_lsﬁin_r_ﬁi&'in No
| resenvoir
i:‘- | As due to breach, AWRS line got breached: ""No dyke breach of SSTPS. Breach was
However plant was operation round the clock occurred at V1 Ash dyke of Vindhyachal
STPS.
|- Where you dischargad the siurry water iis daily | No dyke breach (n NTPC Shaklinagar
quantity? Slurry discharge was being done in 81
dyke .
~ \When you plugged the pipe line and start operating | AWRS P
AWRS?
;_- Till how many days the 51 dyke discharge was diym discharge was themn (o resernvor
continue towards reservorr However averflow from over flow lagoon
| watar of TSS<100mall was discharging
S . | for 23 dsfrmn Eilﬂi!
- \What was the decanted water stored quaniity in 478 Lac M3 on the day 6t V1
decanted pond on the day of incidence.
T Dimension of 51 decani pond that was discharging | Over fiow Iagoon ares
in resenair =
4 | Total ash collected. Truck machinery deputed & Not applicable to NTPC Shaklinagar
kilometer run in total
5. | Expenditure ncurred on T
~Dragging the ash from Rihand reservorr (Rs Not apphcable to NTPC Shaktinagar
Tender doc & quantity of siudge 3 .
- Cost of repair (Decanting well, wall, re aperation ol | Only AWRS pipe line is concemed for
AWRS & others) which cost of repair of AWRS for putiing
| in to operaton Rs 8.0 lac
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M Gmail Sunil Kumar Meena <biosunil2006@gmail.com>

T, &Y. YHR0T HHID 117/2014 (IMiaq I faes gi=a- 31w $fed1 ta 3 &
URU&T A dpTd AR SUAsY B 919 |

Regional office <romppcb.sgri@gmail.com> 4 September 2020 at 17:05
To: biosunil2006@gmail.com

---------- Forwarded message ---------

From: Sudeep Manna ﬁﬂ'ﬂ HAT <sudeepmanna@ntpc.co.in>

Date: Fri, 4 Sep, 2020, 4:45 pm

Subject: Re: TH. i &, USRI HHid 117/2014 (] I fae oA 311 a1 wd o) & uRued & dahrad SRl
SUA h d1dd |

To: romppcb sgrl <romppcb.sgri@gmail.com>

Cc: Deepika Singh Singh <deepikasingh@ntpc.co.in>

Sir,
With reference to your mail dated 4.9.20 please find the detail as below :

1. Per day average discharge from Overflow lagoon of S1&S2 of NTPC Shaktinagar due to breach
of V1 ash dyke of NTPC Vindhyachal till restoration of AWRS return pipe line of NTPC
Shaktinagar : 70080 M3 per day (2920 M3/Hr)

2. Copy of log book pages for dtd. 6.10.19/ 25.10.19/ 26.10.19 (attached)

SUDEEP MANNA
AGM(AU & EMG)
NTPC SSTPS

MOB NO :8004940460

Respected Sir
Please Find the Attachment.
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Regional Officer
MP PCB, Singrauli
Distt. Singrauli-486887

From: Regional office <romppcb.sgri@gmail.com>
Date: Fri, 4 Sep 2020 at 12:22

Subject: T.SI.ET. TR0 HHIDG 117/2014 (ATd] T ke g0 3 fear Td 3=9) & aikded o

d@h T SHBIRAT IUAS B J1dd |
To: <sudeepmanna@ntpc.co.in>, <biosunil2006@gmail.com>

3 attachments

awrs Log book 3.jpg
162K

awrs |b 2.jpg
118K

awrs |b 1.jpg
129K
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= —

ANNEXURE_X

e REGIONAL LABORATORY
M.P. POLLUTION CONTROL BOARD |
Bhakuar , Naugarh ,Distt. Singraull 486887 (M.P.)
Cortact.re STEIOOTTTE / E meil | ploppck sari@anal com, remppsk. sprlBamal, som -

A-Sample from -  M/S NTPC Vindhvanagar, Ash Dyke Dis#-SingraulifM.P.)

D-Digke of receive-  07-10-2013

E-Date of analysis- 08-10-2019

No | Characteristicls Uit | Result | No | Characteristicls Unit Result
Temp c 320 |17, | Sulphate (as S04) mgi —
1 Appearance m I8. | Total Alkalimity (CoCod) mg/l —
3 Colour whites | 19, | Total Hardpess (as CaCad —
4 Ordaour Threshol | Ordorl | 20. | Calcium Hm . ﬁ -
d po 255
oA pHinii | 780 | 21. | Magnesium Hardness mg)l oo
3 Turbidity l:lpml'NT w22, | Fluoride (as F) mg/ "
A Specific conductivity | Msfom w=es | 13, | Dissolved Oxygen mall =
& Total salids mgl 45120 | 34, | Biochemical Oxygen mgl wans
- Demand (3days at 27 C)
9. | Disolved solids mg# 12710 | 25 | Chemical Oxyzen demand | mgll 1750
10. | Suspended solids mgh [ 82810 | 26 | Ol and Girease mg/l e
11. | Ammanica nitrogen | mgil — | 2% | Residual Chlorine mgh p—
12. | Nitrate nitrogen mgh — | 28. | Total Coliform MPNAOOML | -—-
13, | Nitrite mitrogen mgh —— | 2%. | Fecal Coliform MPN/ICOML | —
14. | Phosphate (as P) mgh —— [ 30| Sodim gl gz
15. | Chiboride (3s C1) mg/] 127.17 | 31. | Potassium mg/| —
| 16, | Ay otleer beat —— | 32 oither tagt TP
|. Indicates that value exceed the permissitie imits [_‘{_j
2. Compared with M.P.P.C.B in Standard. "

L Swndard preseribed by M PP.C.B in gagette notification dated 25.03,1988
i, IS-2296-1982 Class- A B ,C D (Tolerance limit for inland surface water subject to pollution,

fil, 1810500 [Drinking watér specification]
"’)ﬁ& de - S
Sampler j A&!ﬁ: Laboratory h:é/
Regional Lab MPPCB, Singrauli (M P.)
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REGIONAL LABORATORY
M.P. POLLUTEON CONTROL BOARD
Bhakuar , Naugarh ,Distt. Singrauli 486887 [M.P.}

Cenfoct io BTR2ANTTTE / E mail : flmpech sariBamail coi, pemppeck. sariflamall som

A-Sample from =  M'S NTPC Vindhyanagar, Ash Dyke Distt-Singrauli (M.P.)

B-Description of sample- Water Sample from Rihand Reservolr 2t Village Juari, Distt. Singrawli

C-Diate of sollection. 07-10-2019

D-Data of receive-

07-10-2019

E-Date of analysis- 08-10-201%

Sample collecied byi- Bampler

No | Characteristichs Unit Resull | No | Charseteristicls Unit Result
L. Temp L5 32,1 |17, | Sulphsts (a5 Sod) g R
% Appearance sl 18. | Totl Alkalinity {CoCa3) mg 1060
furbid
X Cobour Pale | 19, | Total Handmess {as CaCod) mgil 141.0
Yellow
4. Oy Theeshol | Odourl | 200 | Calcium Hardness gl E2.0
d no [
5 |ph pH Unit | 7.36 | 21. | Magnesium Hardness mg/l 520
. Turbidity PpoNT =ee= 22, | Fluoride (a5 F) gl =
L
A Specific condoctivity | Ms‘cm —— |23, | Dissolved Oxygen mg 59
B Total solids mg/| 39500 [ 24, | Biochemical Oncypen mg'l =
Demand (3days at 27 ()

Dissolved solids mgA 841.00 | 25 | Chemical Onygen demand | mgll 382
10. | Suspended solids gh 174.00 | 26. | Gil and Grease mg/ o
11, Ammonica nitrogen | mgi wemse | 2T, | Residusl Chiorine mgl R
2 Mitrate nitrogen migi wen |28 | Total Coliform MPN/100ML | ——
13, Mitrite nitrogen gl was | 29, | Fecal Coliform MPMMODML | —
14, | Phesphate (s F) mgl — | 38, | Sodium | mp/l -
15, | Chloride (as CI} g G143 | 31, | Potasium | mgil_ =
15, Any other test w32 | 2 R

1. Indicates that value exceed the p-a-mlsslhlellrﬁnﬂ_s

2. Compared with M.P.P.C.B in Standard.

L
il
T

G

AWt

g An%mhgt:ﬂ

Standard prescribed by MP.P.C.B in gazette nification dated 250, 1988
15-2200-1982 Class- A B ,C D (Tolerance Himit for inland surface water subject to poliution.
15-10500 [Drinking water spacification]

Lntruratm:,rtﬁlb:{;a

Regional Lab. MPPCB, Singrauli (M.P )
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REGIONAL LABORATORY
M.P. POLLUTION CONTROL BOARD
Bhakuar , Naugarh ,Distt. Singrauli 486887 [M.P.)

Contact ne 9782437772 7 E moil . rLmppch sori@ane | com, romcoch grifamgil com

A-Sample From = M/S NTPC Vindhyanagar, Ash Dyke Dist-Singraufi (M.P.)

C-Dte of collection- 07-10-2013
D-Date of receive-  07-10-201%9

E-Date of analysis-  08-10-2019

No | Charscteristicls Umit Result | No | Characteristicls Unit Result
1. Temp C 322 | 17. | Salphate {as Sod) m/l .
1. | Appearance Eﬂ:g 18, | Total Alkalinity (CoCad) g s
id
'S Colour Whites | 19, | Total Hardness (as CaCo3) | mgfl — |
4. Ohdour Theeshol | Odous] | 20, | Caicium Hardness gl —m
d no 255
&, ph pH Liniz 782 | 21. | Magnesium Hardness mig/] emee
6. Turbidity Emm = | 22, | Fluoride (as F} mgill o
1. Specific conductivity | Msicm e | 23, | Dnssolved Oxygen mg/l —
8. Total solids mg/l 45030 | 24. | Biochemical Oxygen mg/l —
Demand (3days at 27 C)
9 [hissolved solids mall 12660 | 25, | Chermical Oxygen demand | mpf 1700 |
10, | Suspended aolids mgi 26. | Oil and Grease mg/l o
11, | Ammonicanireges | mgi e | 27. | Residual Chiorine ma —
11. | Nitrate pitrogen mall —— |24 | Total Coliform MENAOOML | s
13, | Nitrite nitrogen ma/l we— | 29, | Fecal Coliform MPNADOML | -—
148, | Phosphate (23 F) mgl T— |30, | Sodum mg/l —
18, | Chloride {ss Ci) mg 125.16 | 31. | Podassiom mgfi —
16, Any other test —— | 3% | Anyothertest R
I, Indicates that value exceed the permissible Bmits ir

2, Compared with MP.P.C.B in Standard.

i, Standard prescribed by MLP.P.C.B in gazetie notification dared 25.03,1988
. 1S-2206:1982 Class: A B ,C D (Tokerance limir for infand surface water subject o pollution.

il

Ty

1510500 [ Drinking water specification]

-y

Regional Lab. MPPCB, Singrauii (M.P.)
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— REGIONAL LABORATORY t
M.P. POLLUTION CONTROL BOARD
Bhakuar , Nasgarh Distt. Singraull 386887 M) N L :

Cantaet mo STEZARTTTE /€ mail i rhrbpeh serlBgmeileon, romppch. saciBignail com

A-Sample from = M/S NTPC Vindhyanagar, Ash Dyke Distt-Singraull (M.P.)

By

C-Date of collection<DA-1-2008 Sample collected by:- Sampler
D-Date of receive-  07-10-2019

E-Date of anatysis-  08-10-2019

[No | Charucteristicls Unit Result | No | Characteristicls Unit Result
1. | Temp > 3201 | 17. | Suiphate {as Sod) mg/! e
2 Appesrance Et'wgﬂng 18, | Total Alkalinity {CoCo3) mgfl —

urbid
3. | Colour Whites | 19, | Total Hardness (as CaCod) | mif —-
d. Odour Threshot | Celourl | 200 | Calclum Hardness g/l S
d no £E5E
5 |ph pH Unli | 782 | 21, | Magnesiom Hardness mgll v
6. | forbidity Emfl_n‘ = | 23, | Fluoride (as F) mgh =
7. | Sposific conductviy | Maicm | —— | 23, | Dissolved Onygen g/ wee
8. Total sofids mg/l 24990 | 24, | Blochemical Oxygen mg/l R
Demand (3days at 27 C)
5. | [hissobved solids gl 13720 | 25, | Chemical Oxygen demand | mgfl (71.0
10, [ Swpendedsoiids | mgA  |@83390)| 26. | Oil and Grease = =

(11, | Ammonica nitrogen | Mgl w— | 27, | Kesidual Chlorine wgh —_
12 | Nitrate nitrogen mgll —— [ 25. | Toml Coliform MPNAOOML | ——-
13, | Mitrite nitrogen mgll — | 29. | Fecal Coliform MPNAGOML | —-
14, | Phosphaie (as P) mgf — | 30, | Sodium mall e

15, | Chioride (as CI) mgh 125.43 | 31. | Potassium mg/l e
16, | Amy other lest —— | 3% | Any other test ——
|, Indicates that value exceed the permissible Amits i | "

2. Compared with M.P.P.C.B in Standard.

I, Standard prescribed by MUP.P.C.B in gazetie notification dated 25.03.1988
i IS-2796.1982 Class- A B ,C D (Tolerance limit for inland surface water subject o poliution.
i 1S-10500 [Drinking water specification]

) - e

Regional Lab MPPCE, Singrauli (M.P.)
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