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Figure 1-1 Location of Turga PSP

Turga Table 1-1 Figurel-2

Table 1-1 Salient Features of Turga Pumped Storage Plant

INSTALLED CAPACITY 4 x 250 MW
Peak Operating duration 5 hours daily
UPPER RESERVOIR
FRL EL 464.00 m
MDDL EL 441.40 m ( With Irrigation Storage depleted)
EL 444.40 m ( For Pumped Storage Generation)
Pondage at FRL 21.6 Mm3
Pondage at MDDL 5.9 Mm?
(at 441.40m)
Pondage at MDDL 7.4 Mm?
(at 444.44m)
Live Pondage 14.2 Mm?
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LOWER RESERVOIR

FRL EL 316.5m
MDDL EL 280.4 m
Pondage at FRL 18 Mm?3
Pondage at MDDL 3.8 Mm3
Live Pondage 14.2 Mm?
UPPER DAM

Type Rock fill with Central impervious core
Top of Dam EL467.5m
Foundation Elevation EL 404 m
Length of Dam at top 732 m
Max. Height of Dam 63.5m

Top width of dam 10.00 m

MAIN LOWER DAM

Type Concrete Gravity
Top of Dam EL 320m
Foundation Elevation EL 256 m
Length of Dam at top 872 m

Max. Height of Dam 64 m

No. of “OF” blocks

4 nos, 18m wide each

No. “NoF” Blocks

40 nos, 20m wide each

Top width of dam

10.00 m

LOWER SADDLE DAM

Type Rock fill with central impervious core
Top of Dam EL 320.0 m

Foundation Elevation EL270m

Length of Dam at top 517.73m

Max. Height of Dam 50.0 m (from Bed level)

Top width of dam 10.00 m

POWER INTAKE

Type
H x W x No. x Line

Horizontal Type with anti-vortex lubbers

12.0m x 13.0m x 3 nos x 2 lines

HEADRACE TUNNEL (INTAKE TUNNEL)

D x L x line

| D9.0m x L618.11 m x 2 lines

PENSTOCK (STEEL LINING)

D x L x line
After Bifurcation

D 9.0 m x L 224.37mx 2 lines
D64m-D44mxL73.73m x4 lines

TAILRACE TUNNEL

Tailrace Tunnel Nol

Tailrace Tunnel No2

D7.0mxL126.90m x 1 line
D70mxL114.40 m x 1 line
D 10.0 mx L419.14 m x 1 line
D7.0mxL101.90 m x 1 line
D70mxL89.40mx 1 line

D 10.0 m x L 402.77 m x 1 line
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POWER HOUSE

Type
Size

Underground Bullet shape

L 160.00 x B 25.00 m x H 55.00 m
(Two Variable Speed Pump/ Turbine units +
Two Fixed Speed Pump/ Turbine units)

PUMP TURBINE

Type

Francis type, vertical shaft reversible pump-turbine

Number of unit

Four (4) units

Effective head at normal static head | 146.4 m

Maximum  Turbine Output at | 255,500kW ,

normal effective head 280,600kW (10% Overload)
Maximum Pump Input 285,000 kw

Maximum Turbine Discharge 197.0 m®/s

Maximum Pump Discharge 196.7 m®/s

Revolving Speed 187.5 rpm

GENERATOR- MOTOR

Number of unit

Four (4) units
[Two units Fixed Speed & Two units Variable Speed type]

Rated Capacity

Generator; 306 MVA
Motor; 300 MW

Rated Revolving Speed

187.5 rpm ( for Fixed Speed Machine)

Rated Revolving Speed of Variable
Speed Machine

178.1 rpmto 196.9 rpm

Over Load Capacity

110 % rated capacity

TRANSMISSION LINE

Type Double Circuit, Quadruple Moose Conductor
Capacity \oltage Level 400kV
Length 1.7 km
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131

Figure 1.3.1-1
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Figure 1.3.1-1 The Composition of the Study Team

Table 1.3.1-1

Table 1.3.1-1 The list of members for the Study Team

Name Task Company

A J-POWER Generation Thailand

(JPOWER)

J-POWER Generation Thailand

(JPOWER)
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1.3.2

Pumped Storage Project Department,

West Bengal State Electricity Distribution Co., Ltd. (PSPD, WBSEDCL) WBSEDCL
Turga CMD Mr. R. Pandey Board
Director (Generation) Mr. S. Chakrabortty
Board member Chief Engineer Mr. A. Kayal

1

Chairman & Managing Director Mr.Rajesh Pandey, I.A.S.

West Bengal State Electricity |Director (Generation) Mr. Surajit Chakrabortty
Distribution Co., Ltd. Chief Engineer, PSPD Mr. Amitava Kayal
(WBSEDCL) Additional Chief Engineer, PSPD  |Mr. Ashis Kumar Bhowmick

Superintending Engineer, PSPD Mr. Sourav Chakraborty

1.3.3
2017 10 1
WBSEDCL DPR WAPCOS Ltd. PGCIL
1
2017 10 8 17/]
2017 10 17
17/]
17/]
PGCIL
‘WAPCOS Ltd.
1]
@ DPR WAPCOS Ltd.
1] Turga
L 2018 8 Mr. Ashis Bhowmick Chief Engineer Mr. A. Kayal
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2-1
2017 10 31 1]
2017 11 3 1]
1%}
2
2-2
2017 11 8 1]
2017 12 2 1]
PGCIL
‘WAPCOS Ltd.
1]
@ DPR WAPCOS Ltd.
10} 1
1] Turga
3
3-1)
2017 12 17 1]
2017 12 20 1]
PGCIL
1]
10}
3
(3-2)
2018 1 14 1]
2018 1 20 1%}
4
(4-1)
2018 1 29 1]
2018 2 3 1]
1]

1-17




(4-2)

2018 2 6
2018 2 9

(-1

2018 2 13
2018 2 26
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2018 3 10
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2018
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2.1

Draft National Energy Policy, NITI Aayog, Government of India, Version as on 27 June 2017

4
2018
2022 GDP
2014 10
Nationally Determined Contributions NDCs
33-35 2022

2030

Integrated Energy Policy IEP

2.2 Electricity Act (EA 2003

(1910)

SEB

» SEB
SEB

1991

2003
2001

2022
16% 25%

2030 2005
175 GW
40
1948
CEA
40
2003
5
EA 2003
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EA 2003
SEB

@) @)
©)
4) () (6)
() ©)

EA 2003
EA 2003
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Table 2.2-1 Brief Features of Electricity Act 2003

1)

2)

3)
a)

b)

S

3 3 3 S

Tariff Policy

Captive Power

CEA

CERC

Load dispatch

Load Despatch Centre

SERC

SERC

National Electricity Policy

(CEA) TEC(

CEA

SERC

SERC

SERC
or
cross subsidies
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4)

3

5)

SERC

92}

N—r

m
33332333

@]

7)
ERC

S

n ERC

n ERC
8) CEA

CERC

3 35

9)

3 3 3 3 33 3>

10) SEB
n

ERC

ERC

ERC

SERC
subsidy
(Multi Year Tariff: MYT)

SERC

SEB

SEB
Kerala

SEB

2018 3

(source;

, JPOWER, 2017)
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EA2003 amend 2013 RPO
state distribution companies
2016
Renewable Purchase Obligation RPO Draft National
Electricity Plan (DNEP 2016) Tariff Policy 2016 EA 2003

Table 2.2-2 Brief Features of Electricity Act 2003 (2016 Amendment)

n
n National Electricity Policy Tariff Policy National

Renewable Energy Policy
n

1]

1]

1]
n
n Renewable Generation Obligation

10%
n Renewable Purchase Obligations
n
n supply of electricity to consumer
1
SERC
n 1 1 1
1

n SERC 1
n
n 1MW
n
n CERC
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(State Electricity Regulatory

Commission SERC) MYT RPO
subsidy
2.3 National Electricity Policy 2005
National Electricity Policy EA 2003 EA 2003 3
CEA 5 National Electricity Policy Policy
n 5 Universal Access
n 2001 44%
n
n T&C loss commercial
n  Cross subsidy
n
n EA2003
n EA NEP CEA NEP
Tariff Policy
2.4 National Electricity Plan 2005 (NEP 2005)
NEP 2005 EA 2003 CEA 15 5
Plan National Electricity Plan
2016 7 National Electricity Plan 2016
1 Tariff Policy
DNEP2016
n grid
n
R&R
n national grid
n
n
n 1,000 kWh 2012
100 GW
5%
National Policy on Rehabilitation and
Resettlement R&R
n PGCIL state transmission utility
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STU

n Cross-subsidies
n
2005 2012 77 97
2005
427 KWh 2012 658 kWh 2005
NEP2005 PGCIL
n CEA NEP PGCIL STU
NEP
3
PGCIL Regional Standing
Committees for transmission system Planning
PGCIL 2018 1 PGCIL 2 3
2.5 175GW Renewable Initiative
2014
2022 175GW
2022 175 GW
Table 2.5-1 Tentative State-wise break-up of Renewable Power Target
Unit: MW
State/UTs Solar Wind Small hydro Biomass
Delhi 2,762
Haryana 4,142 25 209
Himachal Pradesh 776 1,500
Jammu & Kashmir 1,155 150
Punjab 4772 50 244
Rajasthan 5,762 8,600
Uttar Pradesh 10,697 25 3,499
Uttrakhand 900 700 197
Chandigarh 153
Northern Region 31,120 8,600 2,450 4,149
Goa 358
Gujarat 8,020 8,800 25 288
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State/UTs Solar Wind Small hydro Biomass
Chhattisgarh 1,783 25
Madhya Pradesh 5,675 6,200 25 118
Maharashtra 11,926 7,600 50 2,469
D. & N. Haveli 449
Daman & Diu 199
Western Region 28,410 22,600 125 2,875
Andhra Pradesh 9,834 8,100 543
Telangana 2,000
Karnataka 5,697 6,200 1,500 1,420
Kerala 1,870 100
Tamil Nadu 8,884 11,900 75 649
Puducherry 246
Southern Region 26,531 28,200 1,675 2,612
Bihar 2,493 25 244
Jharkhand 1,995 10
Orissa 2,377
West Bengal 5,336 50
Sikkim 36 50
Eastern Region 12,237 135 244
Assam 663 25
Manipur 105
Meghalaya 161 50
Nagaland 61 15
Tripura 105
Arunachal Pradesh 39 500
Mizoram 72 25
North Eastern Region 1,205 615
Andaman & Nicobar Islands 27
Lakshadweep 4
Other ( New States) 600 120
All India 99,533 60,000 5,000 10,000

(source: Tentative State-wise break-up of Renewable Power target to be achieved by the year 2022, MNRE?)

2009 Feed in Tariff FIT 2010
Renewable Purchase Obligation RPO 2016 1
Tariff Policy 2022 RPO Tariff
Policy 2016
tariff 2.47 INR/U (2017
12 ) 243INR/U 2017 12

L http://mnre.gov.in/file-manager/UserFiles/Tentative-State-wise-break-up-of-Renewable-Power-by-2022.pdf
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2.6 (National) Tariff Policy 2016

EA 2003 MOP  Tariff Policy

1 2008 3 2011 1
Tariff Policy 2016 1

n 24x7

n Renewable Purchase Obligation RPO 2022

n Renewable Generation Obligation RGO

n 2022 8 15

35
n
2.7 Tariff Regulation 2014
CERC Tariff Regulation

ROE

n ROE

Power for All

3

PPA

2013

RGMO restricted governor mode

-1%

CERC 2014 2 21 2014 4

2019

Notification Terms and Conditions of Tariff Regulations, 2014

charge

n  Fixed charge
5%
n Energy charge 75%
INR/U
tariff

CERC 2015 12 4

2.8 Renewable Energy Sources Regulations 2012

CERC 2012 2 6 2012 4 1

Annual Fixed Charge

notification

Tariff Policy

2016

third amendment

ROE=15.5%

Terms and Conditions of Tariff Regulations, 2014

1%

FGMO(free GMO)
2014

8%

0.5%

1

5

2006
1

16.5%

0.20

Terms and Conditions for Tariff
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determination from Renewable Energy Sources Regulations, 2012
CERC Terms and Conditions for Tariff determination from Renewable
Energy Sources Regulations 1 2014 3 18 2 2005 1 5
3 2015 7 10

2015 10 7 4

ROE a) 20% per annum for the first 10 years b) 24% per annum 11th years
onwards. 2016 3 30 5 PV

2016 Operation and Maintenance O&M

2.9 Model Regulations on Forecasting, Scheduling and Deviation Settlement 2015

CERC 2015 Forum of Regulators Model Regulations on Forecasting, Scheduling and
Deviation Settlement of Wind and Solar Generating Stations at the State level, 2015 2016 2
12 draft notification Draft Procedure for Implementation of the Framework on Forecasting,

Scheduling and Imbalance Handling for Renewable Energy (RE) Generating Stations on Wind and Solar
Energy at Inter-State Level

n day ahead week ahead
deviation commercial impact

n day ahead under injection
injection
n SLDC SLDC  PSDF
NCEF
n charge regional grid Deviation

Settlement Mechanism (DSM) pool

2.10 Grid Code Regulation 2010

CERC 2010 4 28

1 notification Indian Electricity Grid Code Regulations, 2010
SLDC
Grid Code 2016 4 4
2016 4 6 4
55%
2.11 Deviation Settlement Mechanism Regulation 2015
CERC Unscheduled Interchange Ul

incentive penalty Unscheduled Interchange charges
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and related matters) Regulations, 2009, etc.

Generation
plant

Y

Scheduled Output

—
a

Discom

A4

L Qufout.___

imbalance

. 50 Hz

2016
ul
n DSM
n Ul

150MW

Output

Scheduled Output

+o

Actual
Outpu

LD ]

Geneation Company

Actual supply < Scheduled supply (Undergeneration)
>50Hz - UI=0
No penalty, Genaration compnany receivables are "all tariffs for scheduled output"
No need to generate planned scheduled output. That triggers incentive for decreasing output.
) <50Hz - Ul cash
Penalty arises. Actual receivables are “all tariffs for scheduled output + UI* differential output (actual-
shceduled)"
Cash incentivises the increase of generation

Actual supply > Scheduled supply (Overgeneration)
>50Hz - UI=0
No bonus, Genaration compnany receivables are “all tariffs for scheduled output"
No need to generate excess planned scheduled output. That triggers incentive for decreasing output.
) <50Hz - Ul cash
bonus arises. Actual receivables are “all tariffs for scheduled output - UI* differential output (actual-
shceduled)"
Cash incentivises the increase of generation

Distribution company

Actual withdrawal < Scheduled drawal (Underdrawal)
>50Hz - UI=0
No bonus, Distribution compnany payables are “all tariffs for scheduled input”
No need to decrease planned scheduled input. That triggers incentive for increase input.
) <50Hz - Ul cash
bonus arises. Actual payables are “all tariffs for scheduled input - UI* differential input (actual-
shceduled)"
Cash incentivises the decrease of withdrawal

Actual withdrawal > Scheduled drawal (Overdrawal)
>50Hz - UI=0
No penalty, Distribution compnany payables are “all tariffs for scheduled input"
No need to decrease planned scheduled input. That triggers incentive for increase input.
) <50Hz - Ul cash
penalty arises. Actual payables are “all tariffs for scheduled input + UI* differential input (actual-
shceduled)"
Cash incentivises the decrease of withdrawal

(source: JPOWER, 2012)

Figure 2.11-1 Ul Scheme mechanism

DSM
Settlement Mechanism and Related Matters) Regulations, 2014
settlement mechanism (DSM) regulations, 2015 2016 5 6

2012 7 30 31
Ul gaming
CEA

2014 1 6 CERC Deviation
2015 8 7
Deviation Settlement Mechanism,

CERC
Deviation

49.70 50.10Hz
12%
incentive
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imbalance

penalty penalty
PPA scheme 15%-25% - 10% of PPA rate
25%-35% - 20% of PPArate >35% - 30% of PPA rate

Table 2.11-1 Scheme of DSM

9T70HzLL EDEEDE LFE DB MTEE

12%<=150MW 12% >=150 MW BRIz L

nEE nLE BMFr—T
a 12%-15% 150MW to 200MW +20%
b. 15%-20% 200MW to 250MW +40%

20% & Above 250MW & above +100%
49 THZLEDEZDEVFOHBFE

12%<=150MW 12% >= 150 MW RRBI<IE L=

nEE DEE BMFr—2
a. 12%-15% 150MW to 200MW +20%
b. 15%-20% 200MW to 250MW +40%

20% & Above 250MW & above +100%
49 TOHZULEDEEDBVFOHBF R (APMICEICHR. HR. BRICKIRE)

12%<=150MW 12% >=150 MW i (A

DEE DEE BMFr—
a 12%-15% 150MW to 200MW +20% of 303.04 Paise/kWhZE F=IL BUEEIZIE LB Fv—20
b. 15%-20% 200MW to 250MW +40% of 303.04 Paise/kWhE = (X BIREIZIG L= EmMFv—
C. 20% & Above 250MW & above +100% of 303.04 Paise/kWhzE =L BRI ZE =B 0 Fv—20
*Administered Price Mechanism

(source: Nomura Research Institute, 2019)
2015 8 7
n Variable Renewable Energy VRE
deviation charge VRE
VRE
(CERC (Arbitrage)
PPA
LDC CERC
LDC
spinning reserve Ancillary
Service
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2006 5 6

n 1,000 MW
Renewable Rich State

Nn Renewable Rich State Deviation and

Additional Charges availability MW
incentive penalty
imbalance DSM WBSEDCL
DSM <2 INR/U Figure
2.11-2

Figure-14: Comparison of prices of Bilateral, Power Exchange
and DSM Transactions in 2016-17

24,00
.50 WM
;__-"-E‘ 3.00
=
% 250
E 2.00
1.50
1.00
R r e P L AR AP
oF ,_33"' & v@:— L..J;s‘ o o & F & @9
i Price of Bilateral Transactions through traders
Price of Power Exchange Transactions (TAM+*DAM)
Price of Deviation Settlement Transactions
(source: Report on Short-term Power Market in India: 2016-17, CERC)
Figure 2.11-2 DSM price
WBSEDCL Purulia
DSM DSM penalty
incentive DSM
2.12  Ancillary Service Regulation 2015
grid code
CERC 2013 4 staff paper
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Introduction of Ancillary Services in Indian Electricity Market 2015 5 1 draft notification
Draft Ancillary Services Operations Regulations, 2015 2015 8 13 notification Ancillary

Services Operations Regulations, 2015 2015 9 17 Framework on Ancillary Services
Operations Regulations 2015: Statement of Reasons NLDC 2016 3 Ancillary
Services Operations Regulations, 2015 Detailed Procedure For Ancillary Services
Operations

n Inter-State

n Reserves Regulation Ancillary Services Provider RRAS

group “ Virtual Ancillary Entity”
Regional Power Committee RPC

n RLDC merit order regulation up
regulation down
n RLDC regulation up/down Regulation up
service Regulation down service
Deviation pool

regulation up/down penalty
n RRAS DSM
RRAS RRAS
n tertiary frequency control primary control 30sec
secondary control <15min 15
Regulation up service 24
3
n 2015  Draft Ancillary Services Operations Regulations, 2015 Regulation down service
charge mode
2016 Detailed Procedure For Ancillary Services Operations
peaking power full RRAS
CERC Terms and Conditions of Tariff Regulations,
2014
CERC tertiary control
CERC 2016/17 Regulation up service
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650 51T
00
*g 550 531
2 500
£ 450
S 400
£ 350 323
£ 300
%230
2 200
[-4
“ 150 108 -
s 100 21 - 9 50
< 30 g u .
= 1 = e s
0 ____|_- T T T T — T T T T T T
Exy ey ten, Tten, 'te 9g, Yans, e p ‘O Srig ) h
rﬁ"rne Era&-ﬁ‘g ndoffo ndof‘qr- ndsofrﬁfowsfi &S!af?ﬁ}eqa ft}-eque I ‘;feg ffpf re €rg
9‘9”19,- or r’ansad’heg et cadn?e‘?t.r@nc 2 m}?g!n l}}} e fﬂcy -’?py Bg ba o 530!?3
Dr}a;,-% "’1&_5;% ¥ Cope ey 5 e
" i CStio,, “Choy,
Oug, i n
g'B.S‘ Gr"hg'rf_
B Regulation Up (Nos.) Regulation Down (Nos.) n
(source: Report on Short-term Power Market in India 2016-17, CERC)
Figure 2.12-1 Reasons for Ancillary services in 2016/17
2018 3
West Bengal
CERC
CERC DSM RLDC
ramping up/down
incentive
2.13 Draft National Electricity Plan 2016 (DNEP 2016)
2016 12 CEA 2022-36
CEA
n 2017-2022
2022-2027

n
PEAK

CEA Highlights
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n 2021/22 Peak Demand 235 GW Energy requirement 1,611 BU
18  Electric Power Survey (EPS) 17% 15.4%
n 2026/27 Peak Demand 317 GW Energy requirement 2,132 BU
18  Electric Power Survey (EPS) 20.7% 213 %
n 2017-22 GAS - 4,340 MW, 15,330 MW - 2800 MW
- 115,326 MW 2017-22 137,796 MW
50,025MW
2017-22 187,821MW
72,495MW
n 2022-27 - 4,800 MW -12,000 MW 100,000 MW
2026-27 2022-27 44,085 MW
50,025 MW 2017-22 2022-27
n 2021-22 20.3% 2026-27 24.2%
ANCILLAARY SERVICE
BEST FRIEND OF
ELECTRICITY GRID
e Quick-start capability
¢ Black start capability
* Regulation and frequency response
« \oltage support
e Spinning reserve
n
TARIFF
CERC
n PEAK, OFF-PEAK TARIFF
n TARIFF
CAPEX
CEA 2018 3 DNEP 2016 Draft
2.14  Short Market Mechanism
2008 CERC 2010 1 20 notification Power
Market Regulations, 2010 2015 4 8 order Extended Market

2-16



Session on Power Exchanges

2015 7

20

10%

Table 2.14-1 Scheme of Short Market Contract

Contract Type Duration Trading Time Delivery Contract Period
Day Ahead Market (DAM) 24 Hrs of Next | 1000-1200 Next day 15min time
day every day block
Intra Day Contract 24 Hrs of Same| 0030-2000 0.400-2400Hrs Hourly
day every day in Same day
Day Ahead Contingency 24 Hrs of Next | 1500-2300 | All Hrs of Next Hourly
Term Ahead day every day day
. All or block of |  1200-1500 |From +4 day to| _.
Market (TAM) Daily Contract Hrs in a day every day Next 7days Fixed block Hrs
1200-1600
Weekly Contract Al o_r block of every Wed. & Next week [Fixed block Hrs
Hrs in a week
Thurs.
(source: various sources, JICA Study Team)
 Cleared Volume —m—MCP
45000 3

Cleared Volume [MUs)

W 7.31

39,831

FY 0809 FY09-10 FY 10-11 FY11-12 FY12-1

RLDC SLDC

FY13-14 FY14-1

w

FY 151

o

MCP (Rs/k\Wh)

FY16-17

(source: IEX Annual Report)
Figure 2.14-1 Market Cleared Prices (MCP) for DAM
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3

3.1
3.1.1
CEA 2014-2015 2014 IPP
1,048,673 GWh 878,320 GWh 83.8% 129,244 GWh
12.3% 36,101 GWh 3.4% 5,008 GWh 0.5%
8.43% CEA Draft National Electricity Plan ~ 19th
Electric Power Survey of India 19" EPS 2014 1,068,943 GWh National
Institution for Transforming India NITI Aayog Handbook of State Statistics 1,285,689
GWh IEA 1,287,398 GWh

19th Electric Power Survey of India 19" EPS, CEA, Jan., 2017

Table 3.1.1-1 2010 861,591 GWh 2015 1,114,408 GWh
5.3% 2010 122,287 MW 2015 153,366 MW
4.6% 18th Electric Power Survey of India
10% 19" EPS

Table 3.1.1-1 Trend of Power Generation and Peak Demand in India

Power Generation Peak Demand
GWh G.R MW G.R

2010-11 861,591 122,287

2011-12 937,199 8.8% 130,006 6.3%
2012-13 995,557 6.2% 135,453 4.2%
2013-14 1,002,257 0.7% 135,918 0.3%
2014-15 1,068,943 6.7% 148,166 9.0%
2015-16 1,114,408 4.3% 153,366 3.5%

(source: 191" EPS, CEA, January 2017 (p9-10))

3.1.2

@)
2018 1 Table 3.1.2-1 334 GW
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Table 3.1.2-1

MW Share

Hydro 44,963 13.4%
Nuclear 6,780 2.0%
Gas 25,150 7.5%
Diesel 838 0.3%
Coal 193,822 58.0%
RES 62,847 18.8%
Total 334,400 100.0%

Installed Capacity of Power Plant in India as of January 2018

(source: CES portal site (http://www.cea.nic.in/reports/monthly/installedcapacity/2018/installed_capacity-01.pdf))

1)
84,044 MW 600 TWh
2018 1
44,963 MW 53.5%
2)
Nuclear Power Corporation India Limited NPCIL 22
6,780 MW 2016 37,674 GWh 22
2 BWR PWR
18 PHWR Table 3.1.2-2
Table 3.1.2-2  Lists of Nuclear Power Plant in India
) Date of
No Plant Unit Type Capacity Commercial
(MW) _
Operation

1 | Tarapur Atomic Power Station, Maharashtra 1 BWR 160 28-0ct-69
2 | Tarapur Atomic Power Station, Maharashtra 2 BWR 160 28-Oct-69
3 | Tarapur Atomic Power Station, Maharashtra 3 PHWR 540 18-Aug-06
4 | Tarapur Atomic Power Station, Maharashtra 4 PHWR 540 12-Sep-05
5 | Rajasthan Atomic Power Station, Rajasthan 1 PHWR 100 16-Dec-73
6 | Rajasthan Atomic Power Station, Rajasthan 2 PHWR 200 1-Apr-81
7 | Rajasthan Atomic Power Station, Rajasthan 3 PHWR 220 1-Jun-00
8 | Rajasthan Atomic Power Station, Rajasthan 4 PHWR 220 23-Dec-00
9 | Rajasthan Atomic Power Station, Rajasthan 5 PHWR 220 4-Feb-10
10 | Rajasthan Atomic Power Station, Rajasthan 6 PHWR 220 31-Mar-10
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) Date of
) Capacity )
No Plant Unit Type Commercial
(MW) :
Operation
11 | Madras Atomic Power Station, Tamilnadu 1 PHWR 220 27-Jan-84
12 | Madras Atomic Power Station, Tamilnadu 2 PHWR 220 21-Mar-86
13 | Kaiga Generating Station, Karnataka 1 PHWR 220 16-Nov-00
14 | Kaiga Generating Station, Karnataka 2 PHWR 220 16-Mar-00
15 | Kaiga Generating Station, Karnataka 3 PHWR 220 6-May-07
16 | Kaiga Generating Station, Karnataka 4 PHWR 220 20-Jan-11
17 | Kudankulam Nuclear Power Station, Tamilnadu 1 PWR 1,000 31-Dec-14
18 | Kudankulam Nuclear Power Station, Tamilnadu 2 PWR 1,000 31-Mar-17
19 | Narora Atomic Power Station, Uttarpradesh 1 PHWR 220 1-Jan-91
20 | Narora Atomic Power Station, Uttarpradesh 2 PHWR 220 1-Jul-92
21 | Kakrapar Atomic Power Station, Gujarat 1 PHWR 220 6-May-93
22 | Kakrapar Atomic Power Station, Gujarat 2 PHWR 220 1-Sep-95
53 6,780
(source: NPCIL http://www.npcil.nic.in/content/302_1_AllPlants.aspx)
3)
2018 1 25,150 MW 4,340 MW
23
4)
33,500 MW 12 5 2018
193,822 MW 58%
5)
2018 1 62,847 MW
19%
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749 GW 103 GW
25 GW
1 25 MW 20 GW
)
Draft National Electricity Plan 2016 Table 3.1.2-3
13,441 MW 1,714 MW 1,500 MW 16,825
MW 33,480 MW 2018 1 334 GW
2017 2022
50,025 MW 4,340 MW 15,330 MW 2,800 MW
72,495 MW 3
2021 5,100 MW
Table 3.1.2-3 Additional Capacity during 2016-17
(MW)
Installed Likely addition Likely Installed
Capacity as of during 2016-17 Capacity as of
March 2016 March 2017
Coal 185,173 13,315 198,488
Gas 25,502 126 25,628
Total Thermal 210,675 13,441 224,116
Hydro 42,784 1,714 44,498
Nuclear 5,780 1,500 7,280
Total Conventional 259,239 16,655 275,894
Solar 6,763 12,000 18,763
Wind 26,866 4,100 30,966
Others 9,220 725 9,945
Total Renewables 42,849 16,825 59,674
Total 302,088 33,480 335,568
(source: Draft National Electricity Plan (p5.17))
2022 3 175,000 MW 150,000 MW 125,000 MW
Table 3.1.2-4 2017-2022
Table 3.1.2-4 72,495 MW 2022 3
348,389 MW

! Draft National Electricity Plan 2016 (DNEP) (page 5.3)
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Table 3.1.2-4 Projected Installed Capacity by the end of 2021-22

(MW)

Conventional

Conventional

Conventional

Likely

Expected

Power Plants Category Installed Capacity Conventional Conventional
as of March 2022 Installed Capacity Capacity addition
as of March 2017 from 2017-22
Coal 248,513 198,488 50,025
Gas 29,968 25,628 4,340
Total Thermal 278,481 224,116 54,365
Hydro 59,828 44,498 15,330
Nuclear 10,080 7,280 2,800
Total Conventional 348,389 275,894 72,495
RES Scenario RES Category Target RES Likely RES Expected RES
Installed Capacity Installed Capacity Capacity addition
as of March 2022 as of March 2017 from 2017-22
Scenario 1 Solar 100,000 18,763 81,237
Wind 60,000 30,967 29,033
Biomass 10,000 5,446 4,554
Small Hydro 5,000 4,498 502
Total 175,000 59,674 115,326
Scenario 2 Solar 80,000 18,763 61,237
Wind 55,000 30,967 24,033
Biomass 10,000 5,446 4,554
Small Hydro 5,000 4,498 502
Total 150,000 59,674 90,326
Scenario 3 Solar 60,000 18,763 41,237
Wind 50,000 30,967 19,033
Biomass 10,000 5,446 4,554
Small Hydro 5,000 4,498 502
Total 125,000 59,674 65,326
Grand Total Scenario 1 523,389 335,568 187,821
Scenario 2 498,389 335,568 162,821
Scenario 3 473,389 335,568 137,821

(source: Draft National Electricity Plan (p5.18-23))
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1)

15,330 MW

3,542 MW

3.1.2-5

CEA

2017

2022

11,788 MW

Table 3.1.2-5 List of Hydro Projects during 2017-2022

Table

Likely
. Benefit:
No Project Name State Agency NO;(OI\];IW"[S deur(iengS Status
2017-22
MW)
1 | Kameng Arunachal Pradesh NEEPCO 4x150 300 | Under construction
2 | Subansiri Lower Arunachal Pradesh NHPC 8x250 2,000 | Under construction
3 | Parbati St. |1 Himachal Pradesh NHPC 4x200 800 | Under construction
4 | Kishanganga Jammu & Kashmir NHPC 3x110 330 | Under construction
5 | Tuirial Mizoram NEEPCO 2x30 60 | Under construction
6 | Tapovan Vishnugad Uttarakhand NTPC 4x130 520 | Under construction
7 | Tehri PSS Uttarakhand THDC 4x250 1,000 | Under construction
8 | Vishnugad Pipalkoti Uttarakhand THDC 4x111 444 | Under construction
9 | Lata Tapovan Uttarakhand NTPC 3x57 171 | Under construction
10 | Rammam - 111 West Bengal NTPC 3x40 120 | Under construction
Central Sector Total 5,745
1 Eg(cj)lliigvsaigﬁ: MPP) Arunachal Pradesh APID 12x80 960 | Under construction
2 | Kashang-Il & 111 Himachal Pradesh HPPCL 1x65+1x65 130 | Under construction
3 | Shongtong Karcham Himachal Pradesh HPPCL 3x150 450 | Under construction
4 | Swara Kuddu Himachal Pradesh HPPCL 3x37 111 | Under construction
5 [ Uhl-1ll Himachal Pradesh BVPC 3x33.3 100 | Under construction
6 | Pallivasal Kerala KSEB 2x30 60 | Under construction
7 | Thottiyar Kerala KSEB 1x30+1x10 40 | Under construction
8 | Koyna Left Bank PSS Maharashtra \I\//IVaRhD’ GO 2x40 80 | Under construction
9 | Shahpurkandi Punjab grpl:s)gp():ttl_ 3><331+x38x33+ 206 | Under construction
10 | Pulichintala Telengana TSGENCO 4x30 60 | Under construction
11 | Vyasi Uttarakhand UJVNL 2x60 120 | Under construction
State Sector Total 2,317
1 | Gongri Arunachal Pradesh DEPL 2x72 144 [ Under construction
2 | Bajoli Holi Himachal Pradesh GMR 3%60 180 [ Under construction
3 | Sorang Himachal Pradesh HSPL 2x50 100 | Under construction
4 | Tangnu Romai- | Himachal Pradesh TRPG 2%x22 44 | Under construction
5 | Tidong-I Himachal Pradesh 1'\./:{;02]:" 2x50 100 | Under construction
6 | Ratle Jammu & Kashmir RHEPPL 4x205+1x30 850 | Under construction
7 | Maheshwar Madhya Pradesh SMHPCL 10x40 400 | Under construction




Likely
. Benefits
No Project Name State Agency No;(o'\;wlts during Status
2017-22
(MW)
Gati
8 | Bhasmey Sikkim Infrastructu 3x17 51 | Under construction
re
9 [ Panan Sikkim HHEPL 4x75 300 | Under construction
10 | Rangit-11 Sikkim SHPL 2x33 66 | Under construction
11 | Rangit-1V Sikkim Jal Power 3x40 120 | Under construction
12 | Rongnichu Sikkim MBPCL 2x48 96 | Under construction
13 | Teesta- VI Sikkim LANCO 4x125 500 | Under construction
14 | Teesta-11l Sikkim [teg sta Urja 6x200 600 | Under construction
15 | Phata Byung Uttarakhand LANCO 2x38 76 | Under construction
16 | Singoli Bhatwari Uttarakhand L&T 3x33 99 | Under construction
Private Sector Total 3,726 | Under construction
| Sub Total Under Construction 11,788
1 | Devsari Uttarakhand SJVNL 3x84 252 | Concurred
2 | Kaotlibhel-St-1A Uttarakhand NHPC 3x65 195 | Concurred
Central Sector Total 447
1 | New Ganderbal Jammu & Kashmir JKPDC 3x31 93 | Concurred
State Sector Total 93
Athena
1 | Demwe Lower Arunachal Pradesh 5x342+1x40 725 | Concurred
Demwe
2 | Dibbin Arunachal Pradesh KSK 2x60 120 | Concurred
3 | Heo Arunachal Pradesh HHPPL 3x80 240 | Concurred
4 | Nafra Arunachal Pradesh SEW 2x60 120 | Concurred
. Bhilwara
5 | Nyamjangchhu Arunachal Pradesh Energy Ltd 6x130 780 | Concurred
6 | Talong Londa Arunachal Pradesh GMR 3x75 225 | Concurred
7 | Tato-I Arunachal Pradesh SHHPL 3x62 186 | Concurred
8 | Chango Yangthang Himachal Pradesh MPCL 3%60 180 | Concurred
9 | Kutehr Himachal Pradesh JSW 3x80 240 | Concurred
. Manu
10 | Dikhu Nagaland Energy 3x62 186 | Concurred
Private Sector Total 3,002
1 Sub Total Concurred 3,542
Total (1+1) 15,330
(source: Draft National Electricity Plan (p5.39-41))
2)
2017-2022 2022-2027
Table 3.1.2-6  Table 3.1.2-7 2,800 MW
4,800 MW




Table 3.1.2-6  List of Nuclear Projects under Construction during 2017-2022

. Likely Benefits
No Project Name State Agency O, O LTS during 2017-22
MW
(Mw)
1 | Kakrapar Atomic Power Plant Gujarat NPCIL 2x700 1,400
2 | Rajasthan Atomic Power Station Rajasthan NPCIL 2x700 1,400
Total (2017-22) 2,800
(source: Draft National Electricity Plan (p5.42))
Table 3.1.2-7 List of Nuclear Projects under Construction during 2022-2027
. Likely Benefits
No Project Name State Agency NS ol\;wlts X during 2022-27
(Mw)
1 | Kudankulam Nuclear Power Tamil Nadu NPCIL 2x1000 2,000
Project (Expansion)
2 | Gorakpur Haryana Anu Vidyut Haryana NPCIL 2x700 1,400
Pariyojana
3 | New PHWR Madhya Pradesh* NPCIL 2x700 1,400
Total (2022-27) 4,800
(*note: Procurement of Land in advance stage)
(source: Draft National Electricity Plan (p5.43))
3)
4,340 MW
2017 2022
Table 3.1.2-8
Table 3.1.2-8 List of Gas Power Projects under Construction/Ready for Commissioning
No Project Name State Sector Agency Capacity
(Mw)
1 | Panduranga CCPP Andhra Pradesh Private Panduranga Power Ltd 116
2 | RVK Gas Engine Andhra Pradesh Private RVK ( Rajahmundry) Pvt.Ltd 76
3 | RVKCCPP Andhra Pradesh Private RVK ( Rajahmundry) Pvt.Ltd 360
4 | Samalkot CCPP-II Andhra Pradesh Private Reliance Power 2,400
5 | Mangaon CCPP Maharashtra Private PGPL 388
6 | Astha Gas Engines Telangana Private Astha 35
7 | Ind Barath Gas Project Tamil Nadu Private Barath 65
8 | Kashipur CCPP Utrakhand Private Sravanthi Energy Pvt. Ltd 225
9 | Beta CCPP Utrakhand Private BIPL 225
10 | Gama CCPP Utrakhand Private GIPL 225
11 | Kashipur CCPP-II Utrakhand Private Sravanthi Energy Pvt. Ltd 225
Total 4,340

(source: Draft National Electricity Plan (p2.37))




4)

1 3
3.1.3
1)
19" EPS 24 Partial End-Use Method PEUM
PEUM
19" EPS 25- 29
)
1) 19" EPS 2015
2)
3) 19"EPS
Bureau of Energy Efficiency BEE
2016 95,000 GWh 2021 206,000 GWh 2026 273,000 GWh
4)
5) 2022 175 GW
100 GW 60 GW 10 GW 5 GW 100 GW
40 GW
6) Dedicated Freight Corridor
®)
Table 3.1.3-1 2026 2016
920,837 GWh 2026 1,743,036 GWh 6.6
2016 1,160,429 GWh 2026 2,047,434 GWh 5.8%
2016
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161,834 MW 2026 298,774 MW 6.3
1970 45 69.0%
1990 1994 55.0
55-65%

Table 3.1.3-1 Results of Electricity Demand Forecast in India

Electrical Energy | Electrical Energy Peak Electricity | T&D Losses | Load Factor
Consumption Requirement Demand (MW)
(Gwh) (GWh)

2016-17 920,837 1,160,429 161,834 20.65% 81.85%
2017-18 994,382 1,240,760 176,897 19.86% 80.07%
2018-19 1,066,989 1,317,962 188,360 19.04% 79.87%
2019-20 1,144,579 1,399,913 200,696 18.24% 79.63%
2020-21 1,222,286 1,483,257 213,244 17.59% 79.40%
2021-22 1,300,486 1,566,023 225,751 16.96% 79.19%
2022-23 1,380,197 1,650,594 238,899 16.38% 78.87%
2023-24 1,463,505 1,739,618 252,288 15.87% 78.71%
2024-25 1,551,066 1,836,001 266,844 15.52% 78.54%
2025-26 1,644,635 1,939,111 282,418 15.19% 78.38%
2026-27 1,743,036 2,047,434 298,774 14.87% 78.23%
2031-32 2,192,305 2,530,531 370,462 13.37% 77.98%
2036-37 2,672,302 3,049,478 447,702 12.37% 77.76%

(source: 191 EPS, CEA, January 2017 (p36, p301))

PEMU
GDP 1990
2014 0.997
Figure 3.1.3-1
Table 3.1.3-1

f=0.40921 x + 39.466

f x GDP
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1990-2014 GDP 2 0.9 PEUM
Table 3.1.3-2 2026 GDP 7.3%
IMF World Economic Outlook Update, January 2018
2018 7.4 2019 7.8 PEUM
TWh s 00| em— Actual Residual
1000 - - 25
900 - - 20
< 800 - L 15 =
S 3
E’“ 700 102
S 600 - -5
c ©
S 500 - L0 2
> <
5 400 - 5 =
g 300 - - -103
o 200 - L 15 &
100 - - -20
0 T T T T T T T T T T T T T T T T T T T T T T T T '25
CHRCARCIC G g R SRS g g g

(source: JICA Study Team)

Figure 3.1.3-1 Comparison between Actual Demand and Demand from Model Equation

Table 3.1.3-2 Trend of Electricity Demand and GDP in India

1990 1995 2000 2005 2010 2014
GDP billion $ 2010 price 485 621 834 1,154 1,702 2,193
Electricity Demand TWh 236 315 376 489 725 947

(source: Handbook of Japan's & World Energy & Economic Statistics, 2017, EDMC (p312)
World Energy Statistics and Balances 2017, IEA)

3.2 West Bengal
321
1)
West Bengal

5

1) West Bengal State Electricity Distribution Company Limited WBSEDCL
1,530

2)

Durgapur Projects Limited DPL

GDP

Durgapur

125 km?
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3) Damodar Valley Corporation DVC West Bengal
33 kv DVC 4 West
Bengal
4) CESC Limited CESC Kolkata  Howrah 567 km? 290
5) India Power Company Limited IPCL Asansol  Raniganj
618 km?
2015 5 41,065 GWh WESEDCL 55%
CESC 22% DVCl17% DPL4% IPCL2

Table 3.2.1-1 Electricity Sales in West Bengal by Utilities in FY2015

(GWh)
WBSEDCL CESC DvC DPL IPCL Total
22,509 9,006 6,848 1,824 878 41,065
55% 22% 17% 4% 2% 100%
(source: Power for All-West Bengal (p8))
2016 1 West Bengal Figure 3.2.1-1
peak West Bengal 2016
peak Purulia 900MW
Load duration curve
G000
G~
7000 \\
""-‘_\_\_\__‘_\__\_-__
_?_; B0 _H_""—‘—h-—______‘_
= _\_-“_—‘_“'--—._
3 e
E 4000 __‘-hh““-x
w
[, T~
s — Demand
1000
Q
1 1031 00 ELCrE] 4001 S001 &0 FLLrr 8001
Time (hr)

Figure 3.2.1-1 Load Duration Curve in West Bengal in 2016
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)

NITI Aayog Handbook of State Statistics p510 West Bengal
Table 3.2.1-2 2011 61,293 GWh 2015 67,861 GWh
2.6% Power for All West Bengal (p8) 2012

6,529 MW 2015 Handbook

of State Statistics

7,544 MW 4.9%

Table 3.2.1-2 Trend of Electricity Generation and Peak Demand in West Bengal

Electricity Generation Peak Demand

GWh G.R MW G.R
2011-12 61,293
2012-13 67,067 9.4% 6,529
2013-14 68,528 2.2% 7,322 12.1%
2014-15 71,418 4.2% 7,325 0.0%
2015-16 67,861 -5.0% 7,544 3.0%

(source: Generation: Handbook of State Statistics (p510, June, 2017), Peak: Power for All West Bengal (p8))

3.2.2
Table 3.2.2-1 19th EPS West Bengal 2026
2016 44,710 GWh 2026 72,848 GWh 5.0
2016 57,342 GWh 2026 85,590
GWh 4.1 2016
2026
2016 10,383 MW 2026 15,680 MW 4.2
West Bengal
Table 3.2.2-2 Power for All
WBSEDCL 1
19th EPS 2021
2026 15% 25
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2001

p514

2015

Handbook of State Statistics

900 West Bengal 2011
800 WBSEDCL 2015 10
75 NITI Aayog
2017 4 West Bengal 127,581

Table 3.2.2-1 Results of Electricity Demand Forecast in West Bengal by 19th EPS

Electrical Energy | Electrical Energy Peak Electricity | T&D Losses | Load Factor
Consumption Requirement Demand (MW)
(GWh) (GWh)

2016-17 44,710 57,342 10,383 22.03% 62.61%
2017-18 46,572 59,148 10,817 21.26% 62.00%
2018-19 48,866 61,485 11,267 20.52% 61.87%
2019-20 51,334 63,979 11,724 19.76% 61.88%
2020-21 53,952 66,634 12,191 19.03% 61.97%
2021-22 56,644 69,361 12,688 18.33% 61.98%
2022-23 59,493 72,222 13,318 17.62% 61.48%
2023-24 62,516 75,264 13,873 16.94% 61.51%
2024-25 65,733 78,463 14,435 16.22% 61.63%
2025-26 69,176 81,915 15,065 15.55% 61.65%
2026-27 72,848 85,590 15,680 14.89% 61.89%
2031-32 89,315 103,722 18,827 13.89% 62.89%
2036-37 109,504 125,708 22,461 12.89% 63.89%

Table 3.2.2-2 Results of Electricity Demand Forecast in West Bengal by PFA

(source: 191 EPS, CEA, January 2017 (p40-49, p303-307))

Electrical Energy Peak Electricity Demand Load Factor
Requirement (GWh) (MW)
2015-16 52,358 7,544 79.23%
2016-17 56,035 9,842 64.99%
2017-18 59,403 10,258 66.11%
2018-19 60,662 10,687 64.80%
2019-20 62,926 11,172 64.30%
(note: Data in 2015-16 is actual)
(source: Power for All (PFA) - West Bengal (p13))
8 20216 2021 41,000 GWh 2.6%
2026 97,000 GWh 4.7%
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3.2.3

West Bengal West Bengal Power Development Corporation Limited WBPDCL
CESE HEL IPCL NTPC NHPC
DvC Central Generating Stations IPP
2015 9 West Bengal
9,564MW 85% WBPDCL
67% 21%
Table 3.2.3-1 Installed Capacity for West Bengal State
(MW)
Sector Thermal Hydro Renewables Total
State 5,320 977 92 6,389
Private 1,941 0 40 1,981
Central 922 271 0 1,194
Total 8,183 1,248 132 9,564
(source: Power for All (PFA) - West Bengal (p15))
2015 2019 7,544 MW 52,358
GWh 11,172 MW 62,926 GWh Table 3.2.2-2
IPP
Table 3.2.3-2 2019 993 MW
Teesta Teesta Low Dam V80 MW

Teesta Low Dam | & Il 81 MW  Teesta Intermediate 84 MW
NHPC 4

WBPDCL

Rammam Stage 48 MW 4

Sagardighi 2x 500 MW Unit Il IV~ 2016 2019
585 MW

build, own, operate and maintain (BOOM) basis
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Table 3.2.3-2 Upcoming Central Generating Stations

Capacit Capacity for| Commercial
Name Fuel Owner (I\[jIW)y WBSEDCL | Operation Date Status
(MW) (CoD)
Under construction
Teesta low Dam IV Hydro NHPC 160 160 Sep-16 One u_nlt_of A4OMW alr_ead_y
commissioned and spinning of
another unit done
Teesta IV Hydro NHPC 520 121 Aug-22[Under clearance
; Under construction
New Nabinagar Thermal NTPC 1,980 179 Jul-17 WEBSEDCL has cancelled PPA
Under construction
North Karanpura Thermal NTPC 1,320 99 Jul-17 WBSEDCL has cancelled PPA
Katwa Thermal NTPC 1,320 1,122 Beyond FY19|Under construction
Darlipalli Thermal NTPC 1,600 250 Jun-16{Under construction
Under construction
Punatsangchhu-1l1 HEP Hydro Bhutan 1,020 106 Jul-17 Bxpected slippage in COD
Under construction
Mangdechhu HEP Hydro Bhutan 474 75 Sep-17 Expected slippage in COD
Under construction
Punatsangchhu-I Hydro Bhutan 1,200 124 Dec-18 Expected slippage in COD
Total 2,236
Total until FY19 993
(source: Power for All (PFA) - West Bengal (p17))
West Bengal 1%
5 5% CERC
3.24
West Bengal West Bengal State Electricity Transmission Company Limited
WBSETCL 2015 3 WBSETCL
12,042.54 km 113 23,580.8 MVA  West Bengal Table
3.24-1 WBSETCL
Power for All (PFA) West
Bengal
Table 3.2.4-1 Intra-state Transmission System
Voltage Transformation Line Length
Capacity (MVA) (ckt kms)
440 kv 3,780.0 1,644.70
220 kV 9,880.0 2,941.50
132 kV 9,674.5 7,035.34
66 kV 246.3 421.00
Total 23,580.8 12,042.54
(source: Power for All (PFA) - West Bengal (p22))
5 WBSETCL

5 Source: Handbook of State Statistics, NITI, page509
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WBSETCL
Table 3.2.4-2
42 12
2017 6 18
2017 12 569.5 km

1,025.5 km
399.6 km
2022

Table 3.2.4-2 Ongoing, Approved and Proposed Schemes of WBSETCL

Ongoing | Approved | Proposed Total
No. of Substations 12 18 12 42
Transformation Capacity (MVA) 3,769 3,007 3,623 10,399
400/220 kV 1,260 315 1,260 2,835
220/132 kV 1,920 1,280 1,600 4,800
220/33 kV 160 160
132/33 kV 589 1,252 763 2,604
Lines (km) 1,026 400 570 1,996
400 kv 353 53 150 556
220 kv 201 82 153 436
132 kV 472 265 267 1,004
(source: Power for All (PFA) - West Bengal (p25))
3.25
West Bengal
WBSEDCL 2013 Renewable
Purchase Obligation RPO
RPO Table 3.2.5-1
1993 West Bengal Renewable Energy Development Agency WBREDA

Energy Development Corporation Limited

West Bengal Green

19,071 MW
16,800 MW ! 2012
Table 3.2.5-2 2022
2,706 MW Ministry of New
and Renewable Energy MNRE 175 GW West Bengal
2022 5,386 MW

6 Source: Power for All - West Bengal (page25) 2018/3

7 Source: Power for All - West Bengal (page39)
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WBSEDCL

Table 3.2.5-1 Share of RPO Targets for West Bengal

Year Solar RPO Non-Solar RPO
FY 2014 0.10% 4.0%
FY 2015 0.15% 4.5%
FY 2016 0.20% 5.0%
FY 2017 0.25% 5.5%
FY 2018 0.30% 6.0%

(source: Power for All (PFA) - West Bengal (p39))

Table 3.2.5-2 RPO Targets for West Bengal

(MW)
Source 2017 Target 2022 Target
Wind Power 75 450
Mini & Small Hydro 220 394
Co-generation 355 600
Biomass 240 662
Waste to Energy 50 100
Solar 100 500
Total 1,040 2,706
(source: Power for All (PFA) - West Bengal (p39))
9 25 MW
89.55 MW 2015
Table 3.2.5-4 162.2 MW

Table 3.2.5-3 RPO Targets for West Bengal

Plant Name Capacity (MW)
Jaldhaka Stage-Il (2x4MW) 8
TCF-1 (3x7.5MW) 22.5
TCF-I1 (3x7.5MW) 22.5
TCF-I11 (3x7.5MW) 22.5
Rinchington (2x1MW) 2
Little Rangit (2x1MW) 2
Mongpu Kalikhola (3x1MW) 3
Sidrapong (3x0.2 MW) 0.6
Fazi (2x0.4+1x0.448+1x1.2MW) 2.448
Massamijor 4
Total 89.548

(source: Power for All (PFA) - West Bengal (p39))
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Table 3.2.5-4 RE Procurement by WBSEDCL (Other Sources)

Name of Entity Type Cap(MW) COD/Status
Rashmi Cement Ltd. Co-gen 18 Jan, 2011
Bengal Energy Ltd. Co-gen 36 Apr, 2012
Himadri Chemicals and Industries Ltd. Co-gen 12 Feb, 2012
M/s Tata Power Co. Ltd. Co-gen 20 Jun, 2008
M/s Ennore Coke Ltd. Co-gen 10.8 Dec, 2012
Electro Steel Co-gen 10.8 in operation since 2006
CONCAST Co-gen 4.8 Aug, 2013
Ramsarup Loha Udyog Co-gen 20 Shutdown
Nippon Power Ltd. Small Hydro 2.7 Mar, 2007
M/s Neora Hydro Ltd. Small Hydro 2.7 Apr, 2006
WBREDA Wind 2 Jul, 2001 and Apr, 2008
M/s Amrit Bio-Energy & Industries Ltd. Biomass 9.1 Mar, 2010 (Shutdown)
M/s Kamarhati Co. Ltd. Biomass 5.3 Jun, 2008 (Shutdown)
Himadri Chemicals and Industries Ltd. Co-gen 8 in operation
Total 162.2
(source: Power for All (PFA) - West Bengal (p40))
3.2.6
WBESDCL
Domestic Demand charge Energy
charge Table 3.2.6-1 3
Table 3.2.6-1 kWh 6.64 INR 75 kWh
Life Line

Table 3.2.6-1 Domestic Electricity Tariff in West Bengal

Type of Consumer Quarterly consumption Energy charge Demand charge in
in kWh INR/KWh INR/KVA/mon
Life Line (Domestic) 0to75 3.56 5
First 102 5.26
Next 78 5.86
Domestic (Rural) Next 120 o7 15
Next 300 7.23
Next 300 7.32
Above 900 8.99
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First 102 5.30
Next 78 5.97
Domestic (Urban) Next 120 il 15
Next 300 7.31
Next 300 7.58
Above 900 8.99
Domestic (Rural-Prepaid) All Unit 6.64 15
Domestic (Urban-Prepaid) All Unit 6.64 15

(source: https://www.wbsedcl.in/irj/go/km/docs/internet/new_website/pdf/Tariff_Volumn/PDFsam_mergetariff2.pdf)

31

00-23 00 6 00-17 00 23 00-6 00

Power for All - West Bengal page20 2013
3.83 INR/kWh 4.12 INR/KWh
WBSEDCL
kWh 26 paisa
2014 2015
1
Purulia
Back Down Charge®
1 2

(Day Ahead Market)

El

2 3 INR/KWh

8 PPA

17
2015 WBSEDCL
2015
44.9
34
CERC DAM

Intra Day Contract Day Ahead Contingency
Figure 3.2.6-1 2016

1

TAM Term Ahead Market
IEX (India Energy Exchange)

Peak 4.85 INR/KWh
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Duration Curve of Electricty Price [INR/MWHh]
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Figure 3.2.6.1 IEX Market Price in West Bengal in 2016

3.2.7 WBSEDCL

WBESDCL 2016 IEX Purulia
WBSEDCL Figure 3.2.7-1  Figure 3.2.7-2
West Bengal Peak Purulia Peak
WBSEDCL
PPA
Table 3.2.7-1 1 ERLDC/WBSLDC
Purulia

(source : JICA Team, from WBSEDCL)
Figure 3.2.7-1 Operation record of West Bengal in 2016 (excerpt)

(source : JICA Team, from WBSEDCL)
Figure 3.2.7-2 Operation record of Purulia PSP in 2016 (excerpt)
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Table 3.2.7-1 Purchase Volume of WBESDCL (MU)

WBSEDCL Power Purchase (MU) 2016-2017 2015-2016 2014-2015 2013-2014
1 Central Sectors (NTPC, NHPC, PTC, DVC, etc). 9,465.2 8,988.3 9,647.1 9,151.1
2 State Sectors (WBPDCL, DPL) 21,289.1 17,910.5 21,670.0 18,605.8
3 Short Term Bilateral 1,996.7 3,948.6 753.7 693.9
4 Short Term Exchange (IEX,PXIL) 844.0 1,343.0 1,044.2 319.0
5 Swap Power 0.0 989.5 1,129.8 1172.7
6 Private Sectors 3,302.8 3,387.1 3,136.5 4/432.2
7 Renewables (WBREDA) 0.0 0.2 0.2 0.2
8 Power Drawn under Ul mode (Ul IN) 576.0 258.2 431.3 777.4
9 others 102.8

Total Energy 37,576.6 36,825.3 37,812.8 35,152.4

(source : JICA Team, from WBSEDCL Annual Report 2014/15 (Dec. 2015), 2015/16 (Sep. 2016), 2016/17 (unpublished))
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List of Abbreviations

Abbreviation Full Form

AE Assistant Engineer

CE Chief Engineer

CESC Calcutta Electric Supply Corporation
CKM Circuit Kilometers

CoD Commercial Operation Date

CSR Corporate Social Responsibility(

DE Divisional Engineer

DDUGJY Deendayal Upadhyaya Gram Jyoti Yojana
DPL Durgapur Projects Ltd

DPSC Dishergarh Power Supply Company Limited
DvC Damodar Valley Corporation

DPR Detailed Project Report

DSM Demand Side Management

DT/DTR Distribution Transformer

EBIDTA Earnings Before Interest Depreciation Taxes and Amortization
EE Energy Efficiency

EPC Engineering, Procurement and Construction
EPS Electric Power Survey

ER Eastern Region

FY Financial Year

GIS Gas Insulated Switchgear

Gol Government of India

GSS Grid Substation

GWp Giga Watt Peak

HH Household

HTLS High Temperature Low Sag Conductor
HR Human Resource

IPCL India Power Co. Ltd

IPDS Integrated Power Development Scheme
IPP Independent Power Producer

ISTS Inter State Transmission System

LED Light-emitting Diode

LT Low Tension

MNRE Ministry of New and Renewable Energy
MoC Ministry of Coal

MoEF Ministry of Environment & Forests, Government of India
MoP Ministry of Power, Government of India
MU Million Unit of Electricity (in kwh)
MVA Mega Volt Ampere

MW Mega Watt




NESCL
NHPC
NTPC
O&M

PAT

PBT

PFA

PFC
PGCIL
PLF

PMA

PPA

PPP

PSS

R&M

RE

REC
RGGVY
ROW
RPO
SCADA
SE

SEB

SHR
SLDC
SPV
T&D
TBCB
ToR

TPS
UDAY
UMPP
USTDA
WBERC
WBSEDCL
WBPDCL
WBSETCL
WBREDA

NTPC Electric Supply Company Limited

National Hydroelectric Power Corporation

National Thermal Power Corporation

Operation & Maintenance

Profit After Taxes

Profit Before Taxes

Power For All

Power Finance Corporation

Power Grid Corporation Of India Limited

Plant Load Factor

Project Monitoring Agency

Power Purchase Agreement

Public—private Partnership

Power Sub-station

Renovation & Modernization

Renewable Energy

Rural Electrification Corporation

Rajiv Gandhi Grameen Vidyutikaran Yojana

Right of Way

Renewable Energy Purchase Obligation

Supervisory Control and Data Acquisition
Superintending Engineer

State Electricity Board

Station Heat Rate

State Load Dispatch Center

Special Purpose Vehicle

Transmission & Distribution

Tariff Based Competitive Bidding

Terms of Reference

Thermal Power Station

Ujwal Discom Assurance Yojana scheme

Ultra Mega Power Project

US Trade & Development Agency

West Bengal Electricity Regulatory Commission
West Bengal State Electricity Distribution Company Limited
West Bengal Power Development Corporation Limited
West Bengal State Electricity Transmission Company Limited
West Bengal renewable Energy Development Agency




4.1
411
1950
SEB
NTPC, NHPC, NPCIL
PGCIL
3
1990 2003 Electricity Act, 2003
SEB
SEB
Figure 4.1.1-1
(B®) s R
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l S
(source: Collection Data by Japan Electric Power Information Center (JEPIC))
Figure 4.1.1-1 Electricity Business Structure in India
4.1.2 West Bengal 1
West Bengal Jharkhand Bihar Odisha Sikkim Assam
L )~@) Power for All West Bengal
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14 4

West Bengal 4.4 10
2015 0.5
3.6 4
1 West Bengal
2015 52,358MU 2019 62,926 MU
5 2015
7,544 MW 2019 11,172 MW
West Bengal 2007 4 West Bengal West Bengal State Electricity Board:
WBSEB West Bengal West Bengal State Electricity Transmission Company Ltd.:
WBSETCL West Bengal State Electricity Distribution Company Ltd.: WBSEDCL
West Bengal Figure 4.1.2-1
________Slaie_lio_w_eiggrfp_@z __________ Central Gov.
1 Hydro Thermal :
i I | NTPC,NHPC,
Generation WBSEDCL WBPDCL E NPCIL IPP
I
1
T

I
I
I
I
I
I
I
I
l ;
! late Trans. Compal ! Central Gov
Transmission E WBSETCL i PGCIL
I |
I I
I |
i State Distribution i
: Compan | Private Company Centrgl Gov.
I I
Distribution i WBSEDCL DPL i IPCL (DPSC) CESC DVC
l |
L LT T T e 4
A
Demand Side
(source: Collection Data by Power for All West Bengal)
Figure 4.1.2-1 Electricity Supply Structure in West Bengal
@)
1985 West Bengal Power Development Corporation Ltd. WBPDCL

WBPDCL
NTPC NHPC DVC

WBSEDCL
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West Bengal

WBPDCL WBSEDCL 64
4,865MW WBPDCL WBSEDCL
Rammam 51MW Purulia Pumped Storage Plant 900MW 1,075.1MW 11
West Bengal “ Power for All West Bengal” 2015
7,544MW 7,524MW 20MW
2019 11,172MW
2019
Turga 1,000MW Bandu (900MW)
West Bengal
West Bengal
)
West Bengal 2015 3 23,580.8 MVA
113 400/220/132/66 kV WBSETCL 5
FY2016 FY2019
42 12 1,025.5km FY2016
FY2017 18 399.6km FY2017
WBSETCL
West Bengal  Eastern Region
Power Grid Corporation of India Limited (PGCIL) Inter State

Transmission Line System (ISTS)
765/400 kV

9,435 MVA
400/220 kV

®)
West Bengal

WBSEDCL CESC DPL

2

3,863 km 1,000 kV - 765 kV 2,863 km - 400 kV
Jeerat - 3000 MVA Medinipur - 3000 MVA
West Bengal 2

Rajarhat - 1000 MVA  Alipurduar - 630 MVA
West Bengal

IPCL DVC

2 1
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1) WBSEDCL 2017 1,742
2) CESC 567km?
Kolkata Howrah
3) IPCL DPSC - India Power Co., Ltd 618km?
Asansol  Raniganj
4) DPL - Durgapur Projects Ltd. Durgapur
5) DVC - Damodar Valley Corporation West Bengal
Jharkhand Damodar Valley 33kV
4) West Bengal 2
1991
1990 West Bengal
IPP
1990 2000
2003
2014 5 1 24 7
BJP
1)
CIL
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2) DDUGJY

1 8,452 5,000
7 5,893
3) IPDS
IT
6 5424
4y LED
2019 LED
LED 2 4300 kWh
162 308
5) UDAY
2015 11 2015 75
2 25
6,200 1 1,500
2015 3
6)
2016 1 20 Tariff Policy
2003 2006
4
24
RPO 2022
RPO West Bengal
West Bengal 2015  “ 24x7 Power For All West Bengal”
(24x7 PFA) 24 x 7 PFA Gol
2019
24 7
PFA
2016 2019
/ DSM
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4.1-2 West Bengal () (2) 3

PFA

MoP Gol
MoP Gol

PFA

4.1.3  West Bengal State Electricity Distribution Company Ltd., (WBSEDCL)

M)

WBSEDCL Chairman Human Resource, Generation, Regulatory & Trading,
Projects & Procurement, Finance & Accounts, Distribution

1) Human Resource HR
Corporate
Social Responsibility CSR

2) Generation
Purulia Pumped Storage Power Plant (PPSP) 2016-2017

1,106MU Cycle Efficiency? 75.5% 78.13%
3 2016-2017 O&M
49.32Crore Rs 45.61Crore Rs
3) Distribution 11kV-33kV

HTLS, High Temperature Low Sag Conductor SCADA
GIS  33/11kV

4) Regulatory & Trading

5) Planning & Project 2016 - 2017

3 Cycle Efficiency
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6) Finance & Accounts 2016-2017 Total Income
19,931.68 Crore Rs, Total Expense 19,883.03 Crore Rs, Income Tax 17.32 Crore Rs  Total
Comprehensive Income 31.33 Crore Rs

Figure 4.1.3-1 Organization Chart of WBSEDCL

(source: Data from WBSEDCL Feb.13, 2018)
Figure 4.1.3-1 Organization Chart of WBSEDCL

WBSEDCL Table 4.1.3-1

Table 4.1.3-1 Employees of WBSEDCL

(source: Data from WBSEDCL Feb.13, 2018)

(2) Turga Pumped Storage Power Plant (TPSP)

WBSEDCL WBSETCL
WBSEDCL
1 6

WBSEDCL TPSP Pumped Storage Project Department
TPSP CE Civil Hydro-Mechanical
Electromechanical
CE F&A CE

2
1)  Organization of Pre-construction Stage 2

2) Organization of Peak-construction Stage

2
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Pre-construction Stage Figure 4.1.3-2

ACE & Project Manager
A A E&M Circle . . . .
Civil Circle 1 Civil Circle 2 (OPH) Manager (F&A) Medical Unit Manager/AM(HR&A) AM(Store) Sr. Security Officer
Medical Offi . .

SE(C) SE(C) SE(E) AM(F&A) W Jr. Manager (HR&A) Jr. Manager (Store) Security Officer
DE(C DE(C DE(E; Jr. Executive (Fin OE ASO

3 Nos 2 Nos 2 Nos 2 Nos 2 Nos 2 Nos
AE(C AE(E Cash Officer TSH/OSH

6 Nos 4 Nos 2nos 22 Nos
SAE(C) SAE(E) OE

4 Nos 2 Nos 2 Nos

(source: Detailed Project Report of Turga Pumped Storage Power Plant, WBSEDCL 2016)
Figure 4.1.3-2 Organization Chart of Pre-construction Stage at Site Office

Figure 4.1.3-3
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ACE & Project Manager

‘ B8l Cide ‘ ‘ o ‘ ‘ £ Cide ‘ ‘ o ‘ ‘ Manager (FEA) ‘ Manager (HREA) ‘ ‘ Manager (Store) ‘ Medical Unit ‘ Sr. Security Officer ‘
(PH) (0PH) [ ] [
‘ ‘ AM(F&A) ‘ AM(HREA) ’ ‘ AM(Store) ‘ W Security Officer
‘ SEE) ‘ ‘ DE(M) ‘ ‘ SEE) ‘ ‘ SEC ‘ I 08
\ \ \ Jr. Executive (Fin)
‘ DEE ‘ ‘ AW ‘ ‘ 0 ‘ ‘ ‘ Nos Jr. Manager (HR&A) Jr. Manager (Store)
2Nos 2Nos [
I ‘ Cash Offcer OF ‘
AE(E) AE(E) 2108 4Nos
4Nos 2Nos
OE TSHIOSH
4Nos 30 Nos
SAE(E)
4Nos
[ [ \ \ |
‘ Civil Circle 1 ‘ Civil Circle 2 ‘ ‘ Civil Circle 3 ‘ ‘ Civil Circle 4 ‘ Civil Circle 5 ‘
[ [ [ [ [
‘ SE(C) ‘ ‘ SE(C) ‘ ’ SE(C) ‘ ‘ SE(C) ‘ SE(C) ‘
[ [ [ [ [
DE(C DE(C) DE(C) DE(C) DE(C]
3Nos 2Nos 2Nos 3Nos 2Nos

(source: Detailed Project Report of Turga Pumped Storage Power Plant, WBSEDCL 2016)
Figure 4.1.3-3 Organization Chart of Construction Stage at Site Office

Figure 4.1.3-4

CE

(source: Detailed Project Report of Turga Pumped Storage Power Plant, WBSEDCL 2016)

ACE&Project . Sr.Manager
. ACE(EM) ACE(Civil& HM) AGM(F&A)
Manager at Site (HR&A)
Manager/AM
SE(E) SE(CM) SE(C) SE(C) OE3Nos
(F&A)
Jr.Execuive(Fin)
DE(E)2Nos DE(C/M) DE(C) DE(C) OSH8Nos
2Nos
Assistant Cash
AE(E)2Nos AE(M) AE(C)2Nos AE(C)2Nos .
Officer
OE2Nos

Figure 4.1.3-4 Organization Chart of Pre-construction and Construction Stage at Head Quarter
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Table 4.1.3-2 Manpower for Pre and Peak Construction period at Chief Engineer office
in Head Quarter

Pre-Construction and
Designation Peak Construction
Period

Chief Engineer

Addl. Chief Engineer

Addl. Gneral Manager (F&A)

Sr. Manager (HR&A)
Superintending Engineer (Civil)
Superintending Engineer (Elect.)
Superintending Engineer (C/M)
Divisional Engineer (Civil)
Divisional Engineer (Elect.)
Divisional Engineer (C/M)
Manager (F&A)/ Assistant Manager (F&A)
Assistant Engineer (Civil)
Assistant Engineer (Elect.)
Assistant Engineer (M)

Junior Executive (Finanace)
Assistant Cash Officer

Office Executive

Office Support Hand

Total

<A KSR IS TR N N P P FOR T O P P O P P N T

w
[oe]

(source: Detailed Project Report of Turga Pumped Storage Power Plant, WBSEDCL 2016)
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Table 4.1.3-3 Manpower for Pre and peak Construction period at Project Manager Office in Site

Pre- Peak
Designation Construction | Construction
period Period

Addl. Chief Engineer and Project

Manager L 1

Superintending Engineer (Civil)

Superintending Engineer (Elect.)

Superintending Engineer (C/M)

Pl |IN|O

Sr. Security Officer

[E
N

Divisional Engineer (Civil)

Divisional Engineer (Elect.)

Divisional Engineer (Mech.)

Divisional Engineer (C/M)
Manager (HR&A)

Manager (HR&A)/AM(HR&A)
Manager (F&A)

Manager (Store)

RlR|R|O|FP[N|F|w

Security Officer

N
N

Assistant Engineer (Civil)

Assistant Engineer (Elect.)

Assistant Engineer (Mech.)
Assistant Engineer (C/M)
Assistant Manager (F&A)
Assistant Manager (HR&A)
Assistant Manager (Store)
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(source: Detailed Project Report of Turga Pumped Storage Power Plant, WBSEDCL 2016)

(3) Turga PSP

Turga PSP Purulia

(source: Organization Structure & Manpower Setup, WBSEDCL 2011)
Figure 4.1.3-5 Organization Chart of Post-construction Stage at Head Quarter
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(4)

Turga WBSEDCL 2007
Purulia 900MW 2022
Purulia 2008 10
WBSEDCL  ANNUAL REPORT & ACCOUNTS 2016-2017 Purulia
78.13 75.5%
Turga 1000MW, 250MWx 4 units  Purulia
Purulia WBSEDCL
©)
1)
i)
WBSEDCL
NTPC NHPC
WBPDCL
Table 4.1.3-4 5 2011-12
3 2015-16
Table 4.1.3-4 Transition of Energy Sale, Purchase and Generation
(Unit: MU)
2011-12 2012-13 2013-14 2014-15 2015-16 2016-17
Sales 22,201.28 25,069.25 25,395.80 27,250.69 26,175.77 | 26,540.55
Purchase | 30,794.48 34,111.65 35,152.39 37,812.72 36,825.27 | 37,576.52
Generation 1,180.74 1,250.30 1,314.63 1,902.81 1,565.14 1,620.23
(source: WBSEDCL Annual Report 2012-2017)
i)
WBSEDCL WBERC
WBERC WBERC
Multi Year Tariff 3
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Table 4.1.3-5 5
Table 4.1.3-5 Average Electricity Tariff
(Unit: Rs/kwh)

FY 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17
Tariff 6.05 6.07 6.09 6.56 6.55 6.89
Date 01.12.2012 | 01.12.2012 | 26.12.2013 | 04.03.2015 | 10.08.2015 28.10.2016

(source: WBSEDCL)

iii)

CEA
WBSEDCL
Table 4.1.3-6  WBSEDCL
Table 4.1.3-6 AT&C Loss and Distribution Loss of WBSEDCL
2012-13 2013-14 2014-15 2015-16 2016-17
AT&C loss 31.56% 30.51% 29.95% 29.84% 28.96%
\Volume 8,817MU 8,844MU 9,392MU 9,564MU 9,787TMU
Distrib. loss 25.40% 27.96% 27.60% 27.74% 27.47%
(source: WBSEDCL)
WBERC WBSEDCL
Table 4.1.3-7
Table 4.1.3-7 Normative Distribution Loss of WBSEDCL
2011-12 2012-13 2013-14 2015-16 onward
Loss rate 17.75% 17.50% 17.50% 17.50%
(source: The Kolkata Gazette, April 29, 2011 and July 30, 2013)
2)
5 WBSEDCL Table 4.1.3-8
Table 4.1.3-9 Table 4.1.3-10
FY2015-16 GAAP (Generally accepted accounting principles in
India) FY2016-17 Ind AS Indian Accounting Standards
FY2015-16
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Table 4.1.3-8 Profit and Loss Statement of WBSEDCL

(Unit: Lakh Rs)

2011-12| 2012-13| 2013-14| 2014-15| 2015-16| 2016-17
1. (a) Revenue from operations 1,408,230| 1,741,710| 1,775,889| 1,692,076 1,604,691| 1,787,888
(b) Other Operating Revenue 51,958 44,666 47,267
(c) Amo.unt Realisable through Regulatory 199.752| 205436
Mechanism
(d) Other income 9,055 8,275 12,103 14,548 6,337 33,624
Total Revenue 1,417,285| 1,749,985| 1,787,992| 1,958,334| 1,861,130| 1,868,788
2. Expenses
(8) Purchases of Power & Transmission |, o6 765! 1 449530| 1,431,565 1,552,893| 1,417.230] 1,496,926
Charges
(b) Employee benefits expenses 90,823 96,125 117,065| 113,933 117,193| 120,571
(c) Finance costs 68,724 81,271 107,804| 136,202| 145,157| 171,885
(d) Depreciation 34,138 39,622 47,131 61,902 65,791 88,378
(e) Other expenses 56,569 72,601 81,466 90,400 112,241 105,078
Total Expenses 1,407,022| 1,739,149| 1,785,031| 1,955,330| 1,857,612| 1,995,501
3. Profit before exceptional and
extraordinary items
and Tax (1-2) 10,263 10,836 2,961 3,004 3,518
4. Exceptional items 0 0 0 0 0
(53 F_’r:)fltbefore extraordinary items and Tax 10263 10.836 2,961 3,004 3518
6. Extraordinary items 0 0 0 0 0
7. Profit (+) / Loss (-) before Tax (5 - 6) 10,263 10,836 2,961 3,004 3,518
8. Tax expenses:
(a) Current tax 2,915 2,664 1,054 1,022 1,360 196
(b) Deferred tax 0 0 0 0 0 0
Sub-Total 2,915 2,664 1,054 1,022 1,360 196
?7._N8§t Profit (+) / Loss (-) for the period 7.348 8172 1.907 1,982 2158
10. Earning per equity share of face value of
10 each ;
(a) Basw_and d_lluted EF_’S before 0.29 0.36 0.08 0.09 0.10
Extraor_dlnary items - (in)
(b) Ba5|c-and Q|Iuted EI?S after 0.29 0.36 0.08 0.09 0.10
Extraordinary items - (in)

(source: WBSEDCL annual report 2011-2017)
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Table 4.1.3-9 Balance Sheet of WBSEDCL

(Unit: Lakh Rs)

Particulars 2012/3/31 2013/3/1 2014/3/1] 2015/3/31| 2016/3/31| 2017/3/31
1. EQUITY AND LIABILITIES
1. Shareholders’ funds
(a) Share capital 255,840 225,674 225,674 225,674 225,674 225,674
(b) Reserves and surplus 275,814 345,132 366,895 496,927 636,360 13,500
Sub-Total 531,654 570,806 592,569 722,601 862,034 239,174
2. Share application money pending allotment 0 0 0 0 0 0
Sub-Total 0 0 0 0 0 0
3. Non-current liabilities
(a) Long-term borrowings 564,459 609,754 767,474 759,665 849,105
(b) Defered tax liabilities (Net) 0 0 0 0 0
(c) Other long term liabilities 535,531 675,147 720,835 831,165 870,248
(d) Long-term provisions 17,745 21,663 24,728 25,652 23,198

Sub-Total 1,117,735| 1,306,564 1,513,037 1,616,482| 1,742,551 2,058,073
4. Current liabilities
(a) Short-term borrowings 129,041 271,977 314,508 342,019 430,597
(b) Trade payables 165,297 289,107 341,618 388,286 367,121
(c) Other current liabilities 85,760 97,160 162,684 265,121 298,883
(d) Short-term provisions 249,066 258,357 297,109 276,149 360,588
Sub-Total 629,164 916,601 1,115919| 1,271,575 1,457,189| 1,785,540
Total 2,278,553| 2,793,971| 3,221,525| 3,610,658 4,061,774 *3,542,750
1. ASSETS
1. Non-current Assets
(a) Fixed assets
(i) Tangible assets 962,574 1,079,996 1,281,738| 1,479,271| 1,592,234
(ii) Intangible assets 0 0 2,018 1,938 3,064
(iii) Capital work-in-progress 192,172 218,670 179,257 138,520 141,326
(iv) Intangibe assets under development 0 0 0 0 0

Sub-Total (i+ii+iii+iv) 1,154,746 1,298,666/ 1,463,013 1,619,729| 1,736,624
(b) Non-current investments 801 1,190 1,190 1,069 894
(c) Deferred tax assets (net) 0 0 0 0 0
(d) Long-term loans and advances 30,298 53,587 34,073 38,564 81,712
(e) Other non-current assets 208,714 534,696 392,482 616,111 443,929

Sub-Total (b+c+d+e) 239,813 589,473 427,745 655,744 526,535 1,964,433
2. Current assets
(a) Current investments 0 0 0 0 0
(b) Inventories 50,820 57,005 66,142 54,309 54,002
(c) Trade receivables (incl. Unbilled Revenue) 309,482 449,162 498,222 571,633 624,127
(d) Cash and Bank Balances 130,704 130,938 141,130 149,369 214,963
(e) Short-term loans and advances 15,247 7,686 8,316 13,132 35,700
(f) Other current assets 377,741 261,041 616,957 546,742 869,823

Sub-Total 883,994 905,832 1,330,767 1,335,185| 1,798,615 960,183
Total 2,278,553| 2,793,971| 3,221525| 3,610,658 4,061,774 *3,542,750

*Note: Total amounts for 2017/3/31 include those for other particulars.

(source: WBSEDCL annual report 2011-2017)
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Table 4.1.3-10 Cash Flow Statement of WBSEDCL

(Unit: Lakh Rs)

Particulars 2011-2012(2012-2013 | 2013-2014 2014-15 2015-16| 2016-17*
A. CASH FLOW FROM OPERATING ACTIVITIES :

Net Profit/(Loss) Before Taxation & Extraordinary items 10,263 10,836 2,961 3,004 3,518 4,865
Adjustment For :

Depreciation 35,789 40,881 48,092 62,432 65,791 88,378
Interest & Financial Charges 68,724 81,271 107,804 126,515 134,900 140,999
Bad Debts & Provision 4,580 7,029 4,052 1,737 2,856 2,328
Excess provision written back (1,949) (126)
Interest/Dividend etc. Income (4,279) (4,332) (5,815) (7,732) (2,435)

Sub-Total 115,077 135,685 157,094 184,007 204,504

Operating Profit Before Working Capital Change 227,934
Adjustment For :

Stores & Spares [Inventories] 16,718 6,185 9,152 (11,833) 807 (3,549)
Sundry Debtors [Trade Receivables] 150,895 141,206 50,772 75,148 54,236 31,421
Other Current Assets 222,606 209,281 213,702 151,664 151,606 10,835
Loan & Advances (3,339) 15,728 (18,884) 4,816 22,393 (5,147)
Current Liabilities & Provision, etc (286,207)| (288,035)| (208,889)| (142,560)| (108,430)| (42,673)
Sub-Total 100,673 84,365 45,853 77,235 (9,113)
Regulatory Deferral Account (89,363)
Cash Generation from operation 83,892 326,410
Tax Paid (net) 1,394 2,143
NET CASH FROM OPERATING ACTIVITIES (A) 14,404 51,320 111,241 106,772 82,498 324,267
B. CASH FLOW FROM INVESTING ACTIVITIES

Decrease (Increase) in Fixed Asets (169,898)| (166,064)| (260,332) (272,755) (195,793)| (226,526)
Decrease (Increase) in Work in Progress (39,575)[ (26,498) 39,413 50,047 (45,920) 25,537
(Increase)/Decrease in Investments (48,113) (7,388) (9,535)| (34,378) 1,121 (41,643)
Interest/Dividend Income 4,059 3,925 5,660 5,982 3,142 (231)
ZE;(\:/?TSFESG(EB’;IERATED FROM INVESTING (253,527)| (196,025)| (224,794)| (251,104)| (237,450)| (242,863)
C. CASH FLOW FROM FINANCING ACTIVITIES

Proceeds from Borrowing (Net) 175,507 188,231 200,251 81,341 182,724 | (159,750)
Proceeds from Share Capital 0 (30,166) 0 0 0 0
Proceeds from Consumers contribution & capital subsidy 145,027
(Reserve & Surplus) 118,484 61,146 21,763 140,921 153,190

Interest & Financial Charges (68,724)| (81,271)| (107,804)| (104,069)| (114,247)| (123,973)
EEIIS/'IA'?IHESG(I(EZ,;‘ERATED FROM FINANCING 225,267 137,940 114,210 118,193 221,667 | (138,696)
NET INCREASE (DECREASE) IN CASH & CASH EQUIV

(A+B+C) (13,856)|  (6,765) 657 | (26,139)] 66,715 | (57,292)
CASH & CASH EQUIV. AT THE BEGIN. OF THE YEAR 87,439 73,583 66,818 67,475 41,336 | (270,346)
CASH & CASH EQUIV. AT THE END OF THE YEAR 73,583 66,818 67,475 41,336 108,051 | (327,638)

Note: Amounts for FY 2016-17 are calculated based on Ind AS, which is different from the previous years.

(source: WBSEDCL annual report 2011-2017)
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Figure 4.1.3-6
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(source: JICA study team preparation)

Figure 4.1.3-6 Summary of Profit and Loss Statement

2015-16
19,583 Crore Rs 18,611 Crore Rs
WBPDCL 19,553 Crore Rs 18,576
Crore Rs 19 Crore Rs 22 Crore
Rs
Table 4.1.3-11
Table 4.1.3-11 Percentage of Expenditure in Revenue
FY 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17
Revenue 14,173 17,500 17,880 19.583 18,611 19,932
Expenditure 14,070 17,391 17,850 19,553 18,576 19,883
Percentage 99.3% 99.4% 99.8% 99.8% 99.8% 99.8%
(source: JICA study team preparation)
WBERC
16.5%
15.5%
1%
3
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WBERC 10

WBERC
2011-12 705 Crore Rs
Regulatory Asset
WBSEDCL Table 4.1.3-12  Regulatory Asset

Table 4.1.3-12 Amount of Regulatory Asset

(Unit: Crore Rs)

As of Mar. 2012 Mar. 2013 Mar. 2014 Mar. 2015 Mar. 2016
Amount 5,396.7 6,132.7 8,895.3 10,892.8 12,947.2
(source: WBSEDCL Annual report 2011-2016)
2016 9
WBSEDCL  WBPDCL 4,563 Crore Rs
WBSEDCL 2,647 Crore Rs 2012-13 Regulatory Asset
1,655 Crore Rs
i)
Figure 4.1.3-7
60,000
N
50,000 o \—
N A
40,000 NI\ N \—
§ § \ § B Current Liabilities
30,000 % § § § x_ ONon-Current Liabilities
20,000 —§ \ § \ \— B Shareholder's fund
N AN N N D
10,000 __k T S}J R N I
,m o m R
FY2011 FY2012 FY2013 FY2014 FY2015

(source: JICA study team preparation)

Figure 4.1.3-7 Summary of Balance Sheet

4-18




WBSEDCL WBREC
Working capital

iii)
CF CF CF
CF
CF
CF
CF CF
3)
3 WBSEDCL Table
4.1.3-13
Table 4.1.3-13 Financial Indicators

2011-12 | 2012-13 | 2013-14 | 2014-15| 2015-16 | Eval.

Return on Equity (%) 1.38 1.43 0.32 0.27 0.25 higher
Return on net worth (%) 1.36 1.47 0.33 0.28 1.01 higher

Current Ratio 141 0.99 1.18 1.05 1.23 13<

Debt Equity Ratio 2.10 6.23 7.06 7.53 8.18 <10

Debt Service Coverage Ratio 1.26 1.33 1.21 1.23 1.29 1.3<

Interest Coverage Ratio 1.68 1.64 1.46 148 152 15<
(source: WBSEDCL Annual Report 2011-2016)

i)
. ROE

WBSEDCL
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. Current ratio
1.0
1.3
« DE Debt Equity Ratio
DE
1
2015-16
5
iii)
. DSCR
DSCR
DSCR 1.2 1.30

¢ Interest Coverage Ratio ICR

ICR
" ICR 2014-15 2015-16
WBERC
4)
WBSEDCL
WBSEDCL
Turga
Department
4 Ind AS 2015-16 1.38 2016-17
5 IndAS 2015-16 5,50 2016-17
6 IndAS 2015-16 1.36 2016-17
7 Ind AS 2015-16 2016-17 157

8.18

WBSEDCL

L/A

1.19
4.65
1.45

WBSEDCL

1.3
2012-13
4
WBSEDCL
12 13 6
15
2015-16 1.52
9
Financial
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15%

WBSEDCL

WBSEDCL

West Bengal State Electricity Transmission Company Ltd., (WBSETCL)

32

41.4
1)
WBSETCL 2017 884 956
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2017 2,390
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(source: 2015-2016 Annual Report of WBSETCL)

Figure 4.1.4-1 Organization Chart of WBSETCL
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WBSETCL
QMS Quality Management System

QMS
1ISO9001
Total Quality Management,
TQM WBSETCL
2009 13 1SO9001:2000
3
1}
i)
WBSETCL
NTPC NHPC
WBSEDCL WBPDCL WBSEDCL CSCE
DPL
Table 4.1.4-1 5 5
19,236 MVA 24 550MVA 33 11,095¢c-km 12,043c-km
13% 34,750MU 41,423MU  25%
Table 4.1.4-1 Facilities and Energy IFow
Item 2011-12 | 2012-13 | 2013-14 | 2014-15| 2015-16
Transformation Capacity (MVA) 19,236 21,670 23,290 24,550 25,661
Transmission Length (circuit-km) 11,095 11,445 11,951 12,043 12,584
Energy Flow in Grid (MU) 34,750 37,030 36,976 41,423 43,344
(source: WBSETC Annual Report 2015-16)
i)
WBSETCL WBERC
WBERC WBERC
15.5%
iii)
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Table 4.1.4-2 Technical Loss of WBSETCL

(source: WBSETCL)

WBERC WBSETCL
Table 4.1.4-3

Table 4.1.4-3 Normative Transmission Loss of WBSETCL

(source The Kolkata Gazette, April 29, 2011 and July 30, 2013)

2)

5 WBSETCL Table 4.1.4-4
Tablel 4.1.4-5 Table 4.1.4-6
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Table 4.1.4-4 Profit and Loss Statement of WBSETCL

(Unit: Lahk Rs)

Particulars 2012-13 2013-14 2014-15 2015-16 2016-17
1. Revenue from operations

Income from Services 101,028 106,863 102,079 124,267 125,892
2. Other income 1,606 2,899 (65) 2,368 3,662
Total Revenue 102,634 109,762 102,013 126,635 129,553
2. Expenses

(a) Employee benefits expenses 13,273 15,288 14,741 17,053 23,562
(b) Finance costs 18,834 20,007 23,254 22,157 23,856
(c) Depreciation and amortization expense 13,700 14,583 16,629 17,425 19,578
(d) Other expenses 15,194 14,134 13,323 14,428 15,370
Total Expenses 61,001 64,012 67,946 71,063 82,366
3. Profit before exceptional and 41,633 45,750 34,067 55,572 47,188
extraordinary items and Tax (1-2)

4. Exceptional items 0 1,157 0 0 0
5. Profit before extraordinary items and Tax 41,633 I 46,907 34,067 55,572 47,188
6. Extraordinary items 0 (252) 0 0 0
7. Profit (+) / Loss (-) before Tax (5 - 6) 41,633 I 46,655 34,067 55,572 47,188
8. Tax expenses:

(@) Current tax 8,330 9,779 7,141 11,860 10,071
(b) Deferred tax 0 0 0 0 0
Sub-Total 8,330 9,779 7,141 11,860 10,071
9. Net Profit (+) / Loss (-) for the period 33,302 36,876 26,926 43,712 37,117
(7-8)

10. Earning per equity share

(nominal value of share Rs.10)

(a) Basic 3.01 3.34 244 3.95 3.36
(b) Diluted 3.01 3.34 2.44 3.95 3.36

(source: WBSETCL annual report 2012-2017)
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Table 4.1.4-5 Balance Sheet of WBSETCL

(Unit: Lakh Rs)

Particulars 2012-13 2013-14 2014-15 2015-16 2016-17
I. EQUITY AND LIABILITIES
1. Shareholders’ funds
(@) Share capital 110,552 110,552 110,552 110,552 110,552
(b) Reserves and surplus 96,309 133,185 160,761 205,577 246,749
Sub-Total 206,861 243,737 271,313 316,129 357,301
2. Non-current liabilities
(a) Long-term borrowings 213,449 215,072 236,850 259,453 281,530
(b) Other long term liabilities 10,760 11,721 19,245 27,350 10,919
(c) Long-term provisions 459 830 1,253 5,738 7,330
Sub-Total 224,668 227,622 257,348 292,540 299,779
3. Current liabilities
(a) Short-term borrowings 15,500 23,334 20,550 10,628 10,752
(b) Trade payables 4,962 3,783 4,508 5,668 6,465
(c) Other current liabilities 41,992 41,622 45,083 59,488 110,879
(d) Short-term provisions 113 75 59 743 773
Sub-Total 62,568 68,814 70,201 76,527 128,868
Total 494,097 540,173 598,862 685,197 785,948
1. ASSETS
1. Non-current assets
(a) Fixed assets
(i) Tangible assets 357,246 382,685 416,211 456,661 504,016
(if) Capital work-in-progress 75,788 74,548 95,706 123,351 178,168
(b) Long-term loans and advances 3,768 8,605 9,407 12,222 10,852
(c) Other non-current assets 0 11,176 4,471 4,471 4,076
Sub-Total 436,802 477,015 525,796 596,704 697,112
2. Current assets
(@) Inventories 8,503 10,201 9,539 10,890 14,303
(b) Trade receivables 28,888 26,180 25,095 29,498 22,366
(c) Cash and bank balances 12,974 16,245 22,855 30,134 34,824
(d) Short-term loans and advances 4,307 5,855 8,966 8,917 2,070
(e) Other current assets 2,622 4,676 6,611 9,053 10,803
Sub-Total 57,295 63,158 73,066 88,492 84,365
* 4,471
Total 494,097 540,173 598,862 685,197 785,948

* Regulatory deferral account debit balance

(source: WBSETCL annual report 2012-2017)
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Table 4.1.4-6 Cash Flow Sheet of WBSETCL

(Unit: Lahk Rs)

Particulars 2012-13 2013-14 2014-15 2015-16 2016-17

A A CASHFLOW FROM OPERATING ACTIVITIES :
Net Profit/(Loss) Before Taxation 41,633 46,655 34,067 55,572 47,188
Adjustment For :
Depreciation 13,750 14,696 18,128 17,529 19,323
Interest & Financial Charges 18,834 20,007 23,254 22,157 29,724
Bad Debts & Provision

Excess provision written back

Interest/Dividend etc. Income (1,006) (970) (1,909) (1,996) (2,741)
Sub-Total 31,578 33,733 39,472 37,691 46,307
Operating Profit Before Working Capital Change 73,211 80,388 73,539 93,263 93,494
Adjustment For :

Stores & Spares 271 (1,699) 662 (1,351) (3,413)
Trade Receivables (22,666) (8,468) 7,790 (4,403) 7,132
Other Current Assets 3,519 (2,096) (1,975) (2,360) (834)
Loan & Advances 17 (202) (2,537) (80) 0
Current Liabilities & Provision, etc 8,819 2,953 11,680 23,307 33,647
Sub-Total (10,041) (9,512) 15,620 15,113 36,533
Cash Generation from operation 63,170 70,876 89,159 108,376 130,027
Less: Tax Paid (10,045)|  (11,125) (7,714)|  (11,731)|  (10,049)
NET CASH FROM OPERATING ACTIVITIES (A) 53,124 59,751 81,445 96,646 119,978

B B.CASH FLOW FROM INVESTING ACTIVITIES

Decrease (Increase) in Fixed Asets (45,400) (42,157) (51,653) (57,979) (57,679)
Decrease (Increase) in Work in Progress & Capital Advance 9,335 (3,597) (21,960) (30,459) (58,081)
Interest Incomes, etc. 1,006 970 1,909 1,996 2,957
Grants Received from GoWB (DRS) 0 0 650 1,104 15
NET CASH GENERATED FROM INVESTING ACTIVITIES (B) (35,059)|  (44785)|  (71,054)| (85,338)| (112,788)

C C.CASHFLOW FROM FINANCING ACTIVITIES

Proceeds from Borrowing (Net) (8,165) 8,311 19,473 18,129 22,494
Interest & Financial Charges (18,834) (20,007) (23,254) (22,157) (29,752)
NET CASH GENERATED FROM FINANCING ACTIVITIES (C) (26,999) (11,696) (3,781) (4,028) (7,258)

NET INCREASE (DECREASE) IN CASH & CASH EQUIVALENTS

(A+B+C) (8,933) 3,271 6,610 7,279 (69)
CASH & CASH EQUIV. AT THE BEGINNING OF THE YEAR 21,908 12,974 16,245 22,855 30,134
CASH & CASH EQUIVALENTS AT THE END OF THE YEAR 12,974 16,245 22,855 30,134 30,066

(source: WBSETCL annual report 2012-17)
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Figure 4.1.4-2
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1,200

1,000
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2011-12 2012-13 2013-14 2014-15 2015-16 2016-17

B Revenue

B Expenditure

(source: JICA study team preparation based on WBSETCL annual report)

Figure 4.1.4-2 Summary of Profit and Loss Statement

2014-15 SLDC
1,069 Crore Rs 1,021 Crore Rs
Table 4.1.4-7 WBSETCL 2011 71.5%
60% 2011 2016
13% 9%
Table 4.1.4-7 Percentage of Expenditure in Revenue
FY 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17
Revenue 752 1,026 1,098 1,020 1,266 1,296
Expenditure 537 610 640 679 711 824
Percentage 71.5% 59.4% 58.3 % 66.6 % 56.1 % 63.6 %
(source: WBSETCL annual report 2011-2017)
i)
Figure 4.1.4-3
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9,000
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4000 o | BINon-Current
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3,000 - e W Shareholder's fund

2,000 -

1,000 -

O I T T T T
FY2012 FY2013 FY2014 FY2015 FY2016
(source: JICA study team preparation based on WBSETCL annual report)
Figure 4.1.4-3 Summary of Balance Sheet
WBSETCL 2012 2016 5
160% 170%
2015 2016 170%
iii)
CF CF CF
CF
CF
CF
3)
3 WBSETCL
Table 4.1.4-8
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Table 4.1.4-8 Financial Indicators

2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 Eval.
Return on Equity (%) 16.1 15.1 9.9 13.8 10.4 higher
Return on Sales (%) 32.5 33.6 26.4 34.5 28.7 higher
Current Ratio 1.47 1.28 1.23 1.36 1.64 1.3<
Debt Equity Ratio 1.49 1.18 1.00 0.99 0.95 <10
Debt Service Coverage Ratio 1.19 1.81 1.90 1.69 2.21 13<
Interest coverage Ratio 2.67 3.5 3.58 2.89 3.08 15<
(source: WBSETCL Annual Report 2011-2016)
i)
. ROE
ROE 20%
i)
. Current ratio
1.3
2012 2013 2014
1.36 2015 1.64 WBSETCL
« DE Debt Equity Ratio
DE
1
2011 2012 2015 0.95
iii)
. DSCR
DSCR
DSCR 1.2 1.30
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WBSETCL 2011 1.19 2016
< Interest Coverage Ratio ICR
ICR
ICR 15
ICR 2011 2.5
4)

WBSETCL 9 9

WBSETCL
4.2
421 West Bengal State Electricity Distribution Company Ltd.
oy

WBSEDCL
1)  Purulia Pumped Storage Project 4x 225MW (900MW)
2) Teesta Canal Fall Hydro Project 3x 3x 7.5MW (67.5MW)
3) Rammam Hydro Project Stage 11 4x 12.75MW (51MW)
4) Jaldhaka Hydro Project Stage |1 4x MW (36MW)
5) Jaldhaka Hydro Project Stage 1l 2x 4AMW (8MW)
6) Massanjore Hydro Project 2x 2 (AMW)
7)  Mini Hydro Power Project Total 9.6MW

2016-2017

Name of Power Stations

Generation Achieved in 2016-2017

Purulia Pumped Storage Project 1106.00 MU
Rammam Hydro Project Stage 1l 248.0678 MU
Jaldhaka Hydro Project 205.5084 MU
Teesta Canal Fall Hydro Project 46.6961 MU
Small Hydro 29.4514 MU

Total

1635.7237 MU

(source: 2016-2017 Annual Report of WBSEDCL)

2.2
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2016-2017 1635.7237 MU 2015-2016 1588.377 MU

TPSP Bandu Pumped Storage Project BPSP
TPSP Purulia

Detail Project Report DPR

Darjeeling Teesta Low Dam | & Il Hydro Electric Project 84MW |, Teesta
Low Dam Hydro Electric Project 80MW  Fammam Stage- Hydro Electric Project 48MW
NHPC Limited 2015 7

)
Table 4.2.1-1 Cost of repairing for major equipment at Purulia PSP
(source: Data from WBSEDCL, Nov.13, 2017)
®)
West Bengal State Electricity Board :WBSEB
Purulia 1990 8
2002 3 Purulia 2007
4 WBSEB West Bengal State Electricity Transmission Company
Ltd.: WBSETCL West Bengal State Electricity Distribution Company Ltd. :
WBSEDCL WBSEDCL 2008 1
Turga Purulia
1} Purulia
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Table 4.2.1-2 Directorate of Purulia PSP

(source: Data from WBSEDCL, Nov.13, 2017)

2) Purulia
Table 4.2.1-3 Availability Factor of Purulia PSP
(source: Data from WBSEDCL, Nov.13, 2017)
Table 4.2.1-4 Capacity Factor of Purulia PSP
(source: Data from WBSEDCL, Nov.13, 2017)
(4)

Turga

Operation & Maintenance Cost O&M Employee Cost
WBSEDCL

Turga

O&M Cost

- Cost of Outsourcing
- Repairs & Maintenance
- Administration & General Expenses
- Rent and lease charges
- Legal charges
- Auditor’s expenses
- Consultancy charges
- Others
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Table 4.2.1-5

WBSEDCL

O&M

Table 4.2.1-5 Operation & Maintenance Expenses of WBSEDCL

(Unit: Lakh Rs)

. Admin & General Repair &
Fiscal Year Employee’s Cost .
Expenses Maintenance
2012-13 114,542 13,313 23,904
2013-14 139,370 19,027 27,241
2014-15 136,022 19,651 28,748
2015-16 139,079 21,414 33,990
2016-17 133,234 23,478 21,714
(source: WBSEDCL annual report 2012-2017)
O&M
Turga Table
42.1-6 Oo&M 8
Table 4.2.1-6 Normative O&M Expenses for Purulia PSP
(Rs. in Lakh)
FY 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 2016-17
unit rate/MW 3.94 4.09 4,26 2.15 2.26 2.37
amount 3,546 3,681 3,834 1,935 2,034 2,133
actual amount n/a n/a n/a 2,059 1,206 2,508
difference n/a n/a n/a (124) 828 (375)
(source: The Kolkata Gazette, April 29, 2011 and July 30, 2013;
Annual Performance Review, 2015-17, WBSEDCL)
O&M Tariff Regulation “ Controllable”
“ Controllable”
“ Uncontrollable”
Turga
CERC  Tariff Regulation O&M
2 6.04%
8 WBERC 2017 2017-18 3.00Lakh/MW 5%
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Oo&M

Table 4.2.1-7 CERC  Tariff Regulation O&M
2017-18 3 O&M 9

Table 4.2.1-7 Expected O&M Cost for Turga Project

(source: JICA study team preparation)

4.2.2 West Bengal State Electricity Transmission Company Ltd.,

1)
WBSETCL 12,962 km EHV 117
Substation 400 kV 66 kV 27752.23 MVA
3.4 3.1
Substation
GIS
WBSETCL
2015-2016 392.100 km EHV Substation  2518.18
MVA 5 EHYV Substation
2017 3 31 WBSETCL
e EHV 400 kv 66 kV 12,962 km
D 27752.23 MVA 99.91

e EHV Substation 117

9 WBSEDCL  Purulia PSP 35 Crore Rs
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4894km

10 WBSETCL 3
403.17
400kV 2 220kV 7 132kV
20
4854MVA
2021-22 Table 4.2.2-1
2017-18 2021-22 10 EHV Substation, 18296 MVA
WBSETCL
Table 4.2.2-1 WBSETCL, Plant Capacity FY2021-2022
Nos. of Substation Capacity in MVA Line length in ckm
Discription| 2017.3.31 | 2022.3.31 | 2017.3.31 | 2022.3.31 | 2017.3.31 | 2022.3.31
440kV 5 9 6155 9990 1643 2714
220kV 22 36 12121 19431| 33653604| 33654492
132kV 82 113 9270 16623 7292 10227
66kV 8 2 204 2 421 140
Total
(source: 2015-2016 Annual Report of WBSETCL)
1)
2)
3)
4)
5)
2
WBSETCL
WBSETCL

11
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)]

2)

3)
4)

5)

6)
7)
8)
9)

EHV

@)

2013

2014

2)

400kV  220kV

4

Hot spot

Substation

Substation

1

Substation

GIS

400kV,220kV

400kV  OH

WBSETCL
ERS

WBSETCL CSR

132kvV

uG

OPGW

Substation

400 kV

Thermo Scan

HTLS

10

4-36



3)

4)

3)

6)

7)

&)

9)

(4)

WBSETCL
Maintenance Cost O&M

Cost of Outsourcing

Repairs & Maintenance

Plant & Machinery
Building
Others

Administration & General Expenses

Rent and lease charges
Legal charges
Auditor’s expenses
Consultancy charges
Others

Employee Cost

Operation &
O&M
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Table 4.2.2-2 Budget for Operation and Maintenance WBSETCL

WBERC  Tariff Regulation
CERC  Tariff Regulation 2014-19
Table 4.2.2-3

CERC

Oo&M

Oo&M

(source: WBSETCL)

Table 4.2.2-3 Normative O&M Expenses

Oo&M
10

(Unit: Rs Lakh)

Item 2015-16 2016-17 2017-18 2018-19
400KV GIS Substation (per bay) 53.25 55.03 56.84 58.73
Double circuit (Bundled conductor with four 1.097 1.133 1.171 1.210
or more sub- conductors) AC lines (per km)

2018-19
Table 4.2.2-4

(source: CERC Tariff Regulations 2014-19)

O&M
O&M Cost

Table 4.2.2-4 Normative Operation and Maintenance Cost

(Unit: Lakh Rs)

Item Unit rate Number Amount
400KV GIS Substation (per bay) 58.73 13 bays 763.49
Double circuit (Bundled conductor with four or 1.210 1.7 km 2.057
more sub- conductors) AC lines (per km)
TOTAL 765.547
(source: JICA study team calculation)
O&M Cost  Tariff Regulation “Controllable”
“Controllable”
“Uncontrollable”
WBSETCL
10 wBSETCL WBERC WBSETCL
WBERC
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WBSETCL WBSEDCL WBERC
WBSETCL
2015-16 1.7km 2 330MVA

1.3%

423
2003 Central Electricity Authority CEA
National Training

Policy
. T D

National Power Training Institute NPTI
40

NPTI 382 131
9
(1)  Northern Region
1) NPTI Corporate Office Faridabad
2) NPTI ( Northern Region) Badarpur
3) NPTI (Hydro Power Training Centre) Nangal
(2)  Southern Region
1) NPTI (Power System Training Institute) Bangalore
2) NPTI (Hot Line Training Centre) Bangalore
3) NPTI (Southern Region) Neyveli
(3) Eastern & North Eastern Region
1) NPTI (Eastern Region) Durgapur
2) NPTI (North Eastern Region) Guwahati

Human Resource Development

251
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(4)  Western Region
1) NPTI (Western Region) Nagpur

NPTI

Nagpur Institute 210 MW

Bangalore  PSTI

NPTI

MBA
« AICTE
. 1
. 1
« GIS RS
. 9

Central Power Research Institute CPRI
1978

CPRI Training Division

WBSEDCL

WBSEDCL

2016-2017

Faridabad Institute 500 MW

All India Council for Technical Education AICTE

4 B.Tech./B.E

1960 Bangalore

Training Program

2017-2018

Human Resource Department (HRD)

Table 4.2.3-1
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Table 4.2.3-1 Target Vs Achievement For FY 2016-2017 i.r.o. Training

2016-2017 2016-2017
(Target Participants) (Achievement Participants)
Class- 950 Class-I 596
Class-11 500 Class-1l 195
Class-1ll & IV 4500 Class- Il & IV 3405
Other 4800 Other 2350
Total 10750 Total 6546

(source: 2016-2017 Annual Report of WBSEDCL)

Table 4.2.3-2

Table 4.2.3-2 Training Conducted HRD & TRG Dept. from 2016-2017

Details of Training conducted | Class | Class | Class Others(Contractor Total No. of

by HRD & TRG Dept. | I &IV | Laborer & Employees Participants
of other Organization)

Induction/Orientation Training | 81 12 259 0 352

at Vidyut Bhavan for newly
recruited employee

Electricity Employees | 20 18 538 242 818

Training Institute

(EETI)-Burdwan
3 | EETI-Kharagpur 27 0 329 309 665
4 | EETI-Triberi 0 0 378 463 841
5 | EETI-Berhampore 62 5 306 146 519
6 | EETI-Kolkata 0 16 339 409 764
7 | EETI-Coochbehar 31 0 93 0 124
8 | KITC 0 0 78 0 78
9 | External Training by different - - - - 1604

Training Partner  CPlI etc.

Vocational Training - - - - 572

Internship Training for - - - - 209

HT/NISWBM/IEST/U as per
approval of Hon’ble CMD

Total 221 51 2320 1569 6546

(source: 2016-2017Annual Report of WBSEDCL)
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WBSETCL Annual report 2015-16

WBSETCL
631 219
391
WBSETCL Turga
WBSETCL
WBSETCL
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West Bengal



5 West Bengal

Turga 9
51
2014 175GW
2016 12 CEA
Draft National Electricity Plan 2016 ~ NEP2016 2022-36
incentive
Turga 10
1
Table 5.1-1 Pumped Storage Projects planned in India
State PSP (Output)
Odisha Upper Indravati (600MW)
Karnataka Sharavathy (1,000MW, as maximum)
Varahi (1,000MW)
Kali (1,000MW)
Tamil Nadu Kundha (500MW)
Sillahalla (2,000MW, being reviewed)
Mettur (500MW)
West Bengal Bandhu (600MW)
Kerala Pallivasari (600MW)
Maharashtra Warasgaon (1,200MW)
Panshet (1,600MW)
Varandah Ghat (800MW)
! 2017/1 Bandhu 900MW
(Case I1)
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West Bengal  Purulia 2008 Turga

DPR
West Bengal 2015 2019 7,544MW 11,172MW
2012 193MW 2022 5,386 MW
Turga Purulia
Peak Power Shift
West Bengal WBSEDCL
Genco Discom
2
@ Peak Off-Peak - Peak Power Shift
Genco Back
Down
Discom
Peak Power Shift incentive
Open Market IEX
(0]
Genco
Discom Off-Peak
secondary control incentive

@ Ancillary Services

Genco Discom incentive
@ Imbalance
Deviation Settlement Mechanism DSM

2 Annexure 5-2
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Genco Discom
DSM penalty

Discom

West Bengal WBSEDCL

1. WBSEDCL Peak

2. off peak peak
3.
West Bengal
Bengal
1. WBSEDCL WBERC
WBSEDCL Annual Report WBSEDCL

Table 5.1-2 Figure 5.1-1

PPA

incentive penalty

CAES

Purulia

West Bengal

Genco

West
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Table 5.1-2 Power Purchase Price and Volume by WBSEDCL

. 2016-2017 2015-2016 2014-2015 2013-2014
WBSEDCL Purchase Price INR/U INR/U INR7U INR7U
i) Central Sectors
DVC 10.1 5.7 4.8 6.7
Govt. of Sikkim 6.6 5.3 4.6 4.4
NTPC 3.7 3.7 4.0 4.5
NHPC 3.9 4.6 4.9 3.8
PTC 1.6 1.4 1.4 1.3
i) State Sectors
WBPDCL 2.6 3.3 3.2 3.5
iii) Short Term
Power Exchange 3.1 3.3 4.2 3.1
Adani Exports 2.9 3.2 3.2 3.3
GMR Energy Trading Ltd 3.6 3.7 3.2
iv) Private Sectors
ELECTO STEEL 2.5 2.5 2.5 2.5
NEORA HYDRO LIMITED 3.6 3.6 3.6 3.6
Nippon Power Limited 3.6 3.6 3.6 3.6
Tata Power Company Ltd 1.9 1.9 1.9 1.9
Shree Renuka Sugars Ltd 0.0 0.0 2.0 2.8
Rashmi Cement Ltd 2.4 2.4 1.8 1.6
Ennore Coke Ltd 0.0 0.0 2.1 2.1
Bengal Energy Limited 2.8 24 1.8 1.6
Concast Bengal Industries Ltd 3.2 3.2 3.2 3.2
WBSEDCL Power Purchase (MU) 2016-2017 2015-2016 2014-2015 2013-2014
1 Central Sectors (NTPC, NHPC, PTC, DVC, etc). 9,465.2 8,988.3 9,647.1 9,151.1
2 State Sectors (WBPDCL, DPL) 21,289.1 17,9105 21,670.0 18,605.8
3 Short Term Bilateral 1,996.7 3,948.6 753.7 693.9
4 Short Term Exchange (IEX,PXIL) 844.0 1,343.0 1,044.2 319.0
5 Swap Power 0.0 989.5 1,129.8 1,172.7
6 Private Sectors 3,302.8 3,387.1 3,136.5 4,432.2
7 Renewables (WBREDA) 0.0 0.2 0.2 0.2
8 Power Drawn under Ul mode (Ul IN) 576.0 258.2 431.3 777.4
9 others 102.8
Total Energy 37,576.6 36,825.3 37,812.8 35,152.4

(souce: WBSEDCL Annual Report, 2016/17, 2015/16, 2014/15, 2014/13)

INRJU

Porwer Purchase Cost by WBSEDCL

m2014-2015 ® 2013-2014

% 2015-2016

1 2016-2017
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Power PUrchase Volume by WBSEDCL
5,
snionn L] Z_D’IJ-EDIEI_ B 201 3--2'!]14 L] 21.'!] 5-2016 u 20162017
15 00000
2
E
Ty
50000 -
ot _L E_las = 'II —
Cenbrad Secini Clale Sectors Sl Terom Rilateral Shaodt Temrn Techangn Comdg Posic! Privale Sevices R e abdet Posiaed Diawen weder
(TR, NHPL I, TWEPDOL, D) X PALy {WHHE W) U masde {U1 )
A, #ir)
(souce: WBSEDCL Annual Report, 2016/17, 2015/16, 2014/15, 2014/13)
Figure 5.1-1 Power Purchase Price and Volume by WBSEDCL
WBSEDCL  West Bengal 65%
57% WBPDCL
25% NTPC NHPC
4~7 INR/U  WBPDCL
1. WBSEDCL West Bengal Peak
2. Purulia IEX
(souce: supplied by WBSEDCL, Nov., 2017)
Figure 5.1-2  Short Market Price (IEX) and Purulia PSP Operation in 2016
2016 4 2016 12 18:00~20:00
Peak Purulia
IEX Peak Off-Peak Figure 5.1-3 4.7 INR/U
10% 2 INR/U Purulia PSP
West Bengal Purulia
Peak Peak
West Bengal Peak
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Duration Curve of Electricty Price [INR/MWHh]

< May ; IMRS 850,55

=
=

2000

Electricity Price (INR/MWh)
g

e ——Electricity Price [INR/MWh]
1 ™ 1411 2164 28 01 nm:=i1|luur> i b 5761 [0 iy 7921 A6a1
(source: supplied by WBSEDCL, Nov., 2017)
Figure 5.1-3 Short Market Price (IEX) Duration Curve in 2016
3. West Bengal
244 INR/U 2017/5
2.43 INR/U 2017/12 WBPDCL WBSEDCL
26 35INR/U
West Bengal
RPO
ancillary
West Bengal secondary
control point
West Bengal
@ Ancillary Service Regulation
@ DSM (Deviation Settlement Mechanism)
penalty scheme Ul Unscheduled Interchange
Imbalance
@ Grid Code 5%
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Grid Code

/]
PPA
10%
peak
tariff benefit
(Variable Renewable Energy)
CERC MOP
175GW
SLDC ERLDC
WBSEDCL
incentive
5.2
SLDC

5.2.1

WBSEDCL SLDC

1) 2016/17 PPA

2) West Bengal  Peak Demand 8,500 MW off-Peak Demand 3,500 MW

3) WBPDCL 70%

4) West Bengal PPA  Long Term Short Term

2,500 3,000MW 2,300 MW Must Buy
5) WBPDCL 4,860 MW 10%

Available Running Capacity 3,000 MW

6) Off-Peak
Off-Peak Demand 3,500 MW
Must Buy Thermal from outside 2,300 MW
Balance 1,200 MW
WBPDCL 2,100 MW 3,000 MW~ 70%
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900 MW  2,100-1,200 MW Purulia PSP

250MWx 4 = 1,000 MW WBPDCL
Peak Off-Peak 3 5
West Bengal Figure 5.2.1-1 Annexure 5.1

(souce: supplied by WBSEDCL, Nov., 2017)
Figure 5.2.1-1 Hourly Load Curve in West Bengal in 2016 (Monthly Average)

West Bengal Table 5.2.1-1
Project West Bengal
Table 5.2.1-2
WBPDCL PLF Figure 5.2.1-2

WBPDCL 4,865 MW 4,860MW
WBPDCL PLF 60% 5) 3,000 MW
Figure 5.2.1-2 NTPC NHPCetc IPP
Figure 5.2.1-1 Table 5.2.1-1
2,500 3,000MW  PPA
2,300 MW  Must Buy PPA

West Bengal
900 MW Power Shift
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Table 5.2.1-1

Current State Power Plants in West Bengal in 2017

Estimeated
Plant Owner Capacity (MW) WBSEDCL allocation status
MW)
Kolaghat (6x210 MW) WBPDCL 1,260 1,260 In operation
Bakreswar (5x210 MW) WBPDCL 1,050 1,050 In operation
Bakreswar (1x660 MW) WBPDCL 660 proposed
Bandel (4x60 MW+ 1x210 MW) WBPDCL 455 455 Unit 5 Capad;yﬁie”rc;e;ﬁd 10 215 MW
Santaldhi (2x250 MW), Unit-5&6 WBPDCL 500 500 In operation
Santaldhi (2x500 MW), Unit-7&8 WBPDCL 1,000 No EC obtained, maybe abandoned
Sagardighi (2x300 MW), Unit-1&2 WBPDCL 600 600 In operation
@ Sagardighi (2X500 MW), Unit-3&4 WBPDCL 1,000 1,000 In operation
E In April 2016 the company applied for
* Sagardighi (1X660 MW), Unit-5 WBPDCL 660 Unit-5 to be 660 MW, Unti-6 received
no permit thus shelved.
Jaldhaka (3X9 MW) WBSEDCL 27 27 In Operation
Rammam (4 x 12.75 MW) WBSEDCL 51 51 In operation
PPSP (4 x 225 MW) WBSEDCL 900 900 In operation
Jaldhaka (2X4 MW) WBSEDCL 8 8 In operation
Massanjore (2X2 MW) WBSEDCL 4 4 In operation
Tista (9X7.5 MW) WBSEDCL 67.5 67.5 In operation
Micro Hydel WBSEDCL 7.51 7.51 In operation
5,930 5,930

(souce: JICA Study Team, compiled from DPR of 1,000 MW Turga Pumped Storage Project, Purulia,

West Bengal, WBSEDCL, 2016,

Eastern Regional Load Despatch Center, Annual Grid Report 2015-16, ERLDC, 2016,
Power for All, Gov. of West Bengal, 2016, and various sources)
Note) Jaldhala (3x9MW), Micro Hydel 9.8 MW according to WBSEDCL Annual Report 2016-17

Table 5.2.1-2 Current Central and Private Power Plants supplying Power to West Bengal in 2017

Estimeated
Plant Owner Capacity (MW) WBSEDCL allocation status

MW)
TLDP-III (4X33 MW) NHPC 132 132 In operation
TLDP-1V (2X40 MW) NHPC 80 80 In operation
Budge Budge Generating Station CESC 750 0 In operation
g Titagarh generating Station CESC 240 0 In operation
g Southern Generating Station CESC 135 0 In operation
c_‘; Haldia HEL 600 0 In operation
E Mejia Thermal Power Station DvC 2,340 468 In operation
8 Durgapur Thermal Power Station DVC 350 350 In operation
Maithon Hydel Station DVC 63.2 63.2 In operation
Durgapur Steel Thermal Power Station DVvC 1,000 1,000 In operation
Durgapur Projects Limited DPL 660 660 In operation

6,350 2,753

(source: same as above, including estimates)
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#—+ FLF
& PAF

¢ 6062

s 588338

201112 2012-13 2 3-14 2014-15 201516

(source: 31 Annaul Report, 2015-16, WBPDCL, 2017/March)
Figure 5.2.1-2 Plant Load Factor (PLF) and Plant Availability Factor (PAF)
of WBPDCL Coal Thermal Plants

522

WBSEDCL SLDC
WBSEDCL DPR 2024

1) West Bengal 5%/ 2024
Peak Demand 12,000 MW Off-Peak Demand 5,000 MW
SLDC

2) West Bengal

Must Buy
Off-Peak
Peak 3,500 MW=12,000 - 8,500
MW 2017 75% Must Buy Off-Peak
1. Off-Peak Demand 5,000 MW
2. Must Buy Thermal from outside 4,900 MW (2,300 + 3,500 x 75%)
3. Balance 100 MW
3) WBPDCL
PPA
West
Bengal
WBPDCL 2,100 MW (3,000 MWx70%) 2,700
MW Solar 500 MW 4,900 MW
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Off Peak 5,000 MW Purulia PSP (900 MW) Turga PSP (1,000

MW) WBSEDCL Bandhu PSP 600 MW
4) West Bengal
RPO 5%/
2022 2,700 MW Table 3.2.5-2
West Bengal
10
2024 2026
275GW
2026
Figure 5.2.2-1 2016/17 2026/27
6%/ West Bengal 4%/ 19 th EPS, CEA, 2017/1
2024/25 West Bengal Peak 14,435 MW 2016/17
Peak 4,000 MW Off -Peak 4~5%/
2024/25 4,800~5,200 MW Peak
2) +2,400 MW  Off-Peak 2)
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Peak Demand Projection in all India(MW)
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19th EPS Load Projection, West Bengal
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(source: 191 Electric Power Supply in India, CEA, 2017/1)
Figure 5.2.2-1 Peak Demand Projection (in India, in West Bengal)

Table 5.2.1-1 West Bengal Bakreswar
(1x660 MW), Unit-6  Santaldhi (2x500 MW), Unit-7&8 Sagardighi (1x660 MW), Unit-5
2024
WBPDCL Table 5. 2.1-1
Peak
Table 5.2.1-2
3 Table 3.2.3-2 Upcoming Central
Generating Stations 2024 2
Peak
Off-Peak
Power Shift
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Peak

Back Down Charge
Power Shift
2016/17
3.744GW
INR/U 2017 2.44INR/U
Table 5.1-2
West Bengal
West Bengal
NCEF National Clean Energy Fund VGF
3 West Bengal RPO 2022
2,706 MW 450 MW 500MW
2.44 INR/U 2017/5
secondary
secondary control
175 GW~275 GW
West Bengal
Off- Peak
Figure 5.2.2-2

13 GW
2010 17

243 INR/U 2017/12

West Bengal
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i Cleared Volume  —@—MCP

45000
40000
35000
00 5.19
25000
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15000
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\ [
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39,831

28,141

=y
MCP [Rs/kWh)

FY08-09 FY09-10 FY10-11 FY11-12 FY12-13 FY 13-14 FY 14-15 FY15-16 FY16-17

West Bengal

CEA
Turga DPR

(source: IEX Annual Report)
Figure 5.2.2-2 Market Cleared Prices (MCP) for DAM (the same reshown of Figure 2.13-1)

Table 5.2.2-1 Current State Solar Projects in West Bengal

Projects

Capacity (MW)

Status

Teesta Canal Bank Solar Power project

10

commissioned in 2016

Mejia Solar Power Project 10 commissioned in Dec 2017
Chharrah Solar Power Project 10 commissioned in Mar 2018
Santaldih Solar Power Project 10 expected commission in Nov 2018
Salboni Solar Power Project 10 expected commission in Dec 2018
Atna Solar Power Project 6 under tendering process
TCFHP Tailrace Canal Top Solar Power Project 10 order process & expected commission in Feb 2019
Kemasuli Solar Power Projcet 10 under tendering process
Koshangi Solar Power Project 4 under tendering process
Bagkhuar Solar Power Project 6 under tendering process
Asansol Solar Power Project 10 under tendering process
Raniganj Solar Power Project 10 under tendering process
Jhargram Solar Power Project 10 under tendering process
Nadia Solar Power Project by WBREDA 10 proposed
Near Teesta Canal Solar Power Project 10 proposed

136
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All projects are conducted by WBSEDCL except Nadia Solar Power Project by WBREDA
Mega Solar Projects in West Bengal

Projects Capacity Status

Solar Park in Purba, Paschim Medinipur, Bankura districts 500 MW DPR for 210MW completed

Solar Power Project 1,200 MW preliminary study completed

1,700 MW

(source: website of Department of Power & Non Conventional Energy Sources, West Bengal,

Annual Report and Accounts, 2015-16, WBSEDCL, 2016/Sep., website of WBSEDCL,
Website of Solar Power Generation Dept., WBSEDCL )
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Annexure 5-1

Hourly Power Load Curves in West Bengal for 2016
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Annexure 5-2

3.1

@ Peak Off-Peak — Peak Power Shift
Genco Back
Down
Discom
Peak Power Shift incentive
Open Market IEX

Genco
Discom Off-Peak

secondary control incentive
@ Ancillary Services

Genco Discom incentive
@ Imbalance
Deviation Settlement Mechanism DSM

Genco Discom incentive penalty
DSM penalty
1]
Genco
Discom
1. Peak Off-Peak—Peak Power Shift
1)
Peak West Bengal
2)
Peak
CERC
Tariff Order Tariff Order
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. . Unit Cost
. Hard Cost Capacity | Unit Cost
Order Project COD cost as of (Crore/MW)
(Crore) (MW) [ (Crore/MW) as of 2017
(MW)
Petition No. 107/GT/2015 Koldam Hydroelectric 2015 4851.0 2015 800 6.06 6.58
Petition No. 249/GT/2016 Teesta |11 Hydroelectric Power Project 2017 6,832.1 2017 1,200 5.69 5.69
Petition No. 178/GT/2015 | Tehri Hydroelectric Power Project (HPP), Stage-1| 2007 7,041.2 2014 1,000 7.04 8.01
Petition No. 434/GT/2014 Karcham Wangtoo HEP 2011 6,382.0 2014 1,000 6.38 7.26
Petition No. 184/GT/2014 Rampur Hydroelectric Project 2014 4,097.7 2014 1,000 4.10 4.66
average 6.44
2017 4.66
8.01Cr/ MW 2
West Bengal
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https://www.ribc.or.jp/
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Peak

%] 2.5~5 /kWh (2020 )
1] 50MW
] 100kg/Wh
Turga 1,000MW 5hr
4)
Peak
Back Down Charge
2.
1)
20
Peak
West Bengal 2022 2,700~5,386 MW
Off Peak 5,000MW
i) 500MW 3hr/day, 50days/yr 25
kwh=19 fyr
i) 100MW  0.25hr/day, 50days/yr 2.5

KWh=3,100  /yr

PPA

peak 5hr

IKWhx0.75

IkWhx125
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2)

3.

Ancillary Services

Operations Regulations, 2015 West Bengal

Ancillary Services

Report on Short-term Power Market in India

2016-17, CERC

Figure-38: Energy Scheduled to/from Virtual Ancillary Entity
under REAS (M), 2016-17
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Figure-3%: Pavments made for Ancillary Services during 2016-17
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(source: Report on Short-term Power Market in India 2016-17 CERC)

2,500MU /
1,001 Cr/
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1)

KW
KW Kw 15
/KW, 2020 19 /kWh
West Bengal AGC 9
2022  Peak 12,000 Off Peak 5,000MW - AGC 100 180MW
Turga 1,000MwW  1-2 15 KW
150 270 West Bengal 100Mkwh/
10 15 /kWh / 3INR/KWh
85% 4 INR/KWh
2)
WBSEDCL Turga 1
36.5MW 4-5 WBSEDCL
WBPEDCL
WBPDCL incentive
3) Demand Response DR
EV
EV EV
4. Imbalance
1)
3.
2)
3. WBSEDCL imbalance
penalty
3)
1. Peak
5.
1)
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2)
1,000MW PV 6hr PV 2.44INR/U 1.46Cr/6hr

3) Demand Response (DR)
3 DR
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6.1

6.1.1

Turga

Purulia

Turga DPR 2017 10
DPR Turga

Purulia Baghmund
DPR \Vol.1, Chap1,p6

Chhotanagpur CGC
Singhbum SSz CGC South
North Purulia Figure 6.1.1-1

257

= k= Shear Zones[_JStrike direction|
t.-.1 Basait

4 27 Lameta Beds

=1 Gondwana Super Group

E3 Proterozoic Vindhyan Super Group
Proterozoic Bijawar Sediments
Proterozoic metamorphics
granites of Bihar Mica Belt

Bl Porphyritic Granitaids

(1] Older enclaves within CGC

E=3 Anorthosite
Chhotanagpur Gnelssic
Complex (CGC)

I Daima Metavolcanics

E=] Singhbhum Group

=

6.1.2

Ajodhya

O Project Area (source: DPR Vol.5 p13 Figure 5.3.2)
Figure 6.1.1-1 Regional Geological Map around the Project Area

Turga Turga Ajodhya
9 km Kistobazar Subarnarekha
DPR Vol.1 Chapter 1 p6

500 m 600 m Turga 410 m
260 m
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Turga NW-SE

NW SE DPR Vol.5 Annexure 3 p4
6.1.3
@)
1:5,000
1:2,000 1:5,000
(Figure 6.1.3-1)
)

Table 6.1.3-1
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(source: DPR Vol.5 p20 Figure 5.6.5)

Figure 6.1.3-1 Geological Map of the Project Area
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Table 6.1.3-1 Core Borings in the Project area

Component Site holes Length (m) Remarks
Upper Dam 18 648.1 with Lugeon tests
Lower Dam 18 702 including Saddle Dam, with Lugeon tests
Power House 5 689 with Lugeon tests
Intake and Headrace Tunnel 2 145.5 with Lugeon tests
Tailrace Tunnel 1 455 with Lugeon tests
Drift Area 3 44 Drift is the exploratory adit for power
house.
Quarry Site 2 60
Total 49 2334.1

DPR Vol.5 Annexure 1A
DPR Vol.5 Annexure 1B

@)
Table 6.1.3-2
(4)
Appendix 1 DPR
(®)
2017 10 120 m
103 m Vol.5 Appendix I h

DPR Vol.6

262m DPR
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Table 6.1.3-2 Results of Laboratory Test of Boring Core

Rock Properties Lower Dam Upper Dam Power House

QBG QFG | Basic | QFG PG QFG AG

Bulk density (Dry) |vay (Kaim®) 2800 | 2660 | 3000 | 2880 | 2650 | 2640 | 2650

Bulk density 4
(Saturated) ysat (Kg/m?) 2820 2665 | 3005 2890 2660 2650 2660
Grain Density Vgrain (Kgim?®) 2840 2680 | 3080 2920 2680 2660 2680

Water Content (at

. W (%) 0.3 0.3 0.25 0.3 0.24 0.7 0.4
saturation)

Apparent Porosity n (%) 08 07 |07 0.9 06 17 1.1
Slake Durability I Cycle (%) | 98.5 99 99 985 99.2 99.2 99
Index (SDI)
Il Cycle (%) | 98 985 | 985 98 99 99 98.8

Strength & UCS (MPA) | 50 70 |35 45 65 55 80
deformability
Tangent Modulus E (GPA) 35 28 22 20 35 35 48
Poisson's Ratio 7] 028 026 | 027 028 0.26 027 0.27
Indirect Tensile o (MPA) 8 8 55 6.8 9 9 .
Strength
Shear Strength C (MPA) 5 6.5 3 3 6 4 7
Parameters

© (Degree) | 44 45 50 50 47 45 50

QBG — Quartz Biotite Gneiss, QFG — Quartz Feldspathic Gneiss,PG — Pegmatite Gneiss, AG — Augen
Gneiss, n -Apperent Porosity, SDI — Slake Durability , UCS -Uniaxial Compressive Strength, E —
Tangent Modulus, yary — Dry Density,  ysa-Saturated Density, p — Poisson’s Ratio, o+ Indirect
Tensile Strength (Brazilian) ygrin — Grain Density we — Water Content

(source: DPR Vol.5 p32 Table 5.6.2)

6.1.4

DPR V\ol.1 Chap5 p20-22 Figure 6.1.3-1

N80°
30° 55°
30° 35°
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Turga

NW-SE
6.2
6.2.1
@)
410 m
10° Figure 6.2.1-1
)
Figure 6.1.3-1
10m
45 4
Turga
(DPR Vol.5 Annexure-3)
5 2
p37

10m
FRL 464 m 200m
15°
Figure 6.2.1-1
Table 6.2.1-1
NW- SE
DPR \Vol.5,
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Figure 6.2.1-1 Geological Profile of the Upper Dam Site

(source: DPR Vol .5 Plate 2)




Table 6.2.1-1 Discontinuities at the Upper Dam Site

Joint No Average attitude Spacin| Continuity Characteristics
{Dip/dip direction) g
Faliation ) a ® 50-80 Long Smooth planar ;tight
Dips:45 Dip Direction:170 cm
J1 ] s » | 10-75 3-5m Rough undulating and no infillings
Dip: 45 |, Dip Direction:210 cm
J2 ] ° o 50-80 Long Smooth planar, tight
Dip: 45 Dip Direction:180 cm
J3 ] - a 70-150 | 2-8m Moderately smooth, planar to rough
Dip: 80 Dip Direction:80 Cm Undulating with no infillings
J4 ] °« ° 100-200{ 2-5m Smoath undulating
Dip: 70 Dip Direction:290 Cm
(source: DPR Vol.5 p35 Table 5.7.1)
®)
10 m
124 m 10 m RQD 75% 30-70cm
45 MPa RMR 60 Class Il Class Il
25 m
7 10 Lu 25m 4 Lu 10 25m
25 m
5Lu 50 m 10 Lu uD-10
6.2.2
@)
Turga Ajodhya Hills
Turga
260 m 316.5m 330 m
2
330 m 30 Figure
6.2.2-1
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)

Figure 6.1.3-1 Figure 6.2.2-1
100 120 m 35°
3 Table 6.2.2-1
16.5m 247.7m LD-10
LD-4 34m 242.7m 45
10.5m
3)
20 m 5 98m 8m
Class 1l
1100 4500 MPa (DPR Vol.6
Appendix 1)
3Lu 15 20 Lu
LD-10 30 m 3 15 m 2 Lu
10 m 1 LD-15
10 m 25 m 5 Lu 5m
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“ = - . DETERNBATE TO Falk CaTEGORY (3 VALTE 8-10, B4R 3525, DOF TO THE PEFPARFD BY-DOF T CHOSHAL & . eolom
IE R -1 | =5 w m‘h-]]:'m PRESFNCE (F FRACTURE ZONE F 5301415 FAVITHA 5. Goalegist, = o
#" y S - = = 0 . - e - T
o QUARTZOFELDSPATHIC GNIESS e I"":::H:';“:"‘:“ LR MAT WAk DRAWN BY: SUBRATA DAS, SR SURVEYOR
1 BRI 5-15 07%-15m Feagh, undulating 4 BORFHCLE 4 HaS BERN DILLFD (N THE EXISTING REOATION DAM TOP & - -
-1l BOREHCILE 10 FIAS BEEN DRILL ET) (K THE DUMPED Ma TERIAL Drawing Ho.  GEIERTRERI01I0E Drate: 20.07.2013 Plaw zo: 03

Figure 6.2.2-1 Geological Profile of the Lower Dam Site

(source: DPR Vol .5 Plate 3)
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Table 6.2.2-1 Discontinuities at the Lower Dam Site

JointNo Average afttitude Spacing| Continuity Characteristics

(Dip/dipdirection)
Foliation Dips:35 Dip 510 cm| Long Moderatelysmooth planar

Dire::tion:'l[)D
J1 Dip: BDD, Dip 1075 [ =Bm I'\.'1(:rderat.el':.rsmor;:th[;Jlanarlcnrwghr

. cm Undulating

Direction:170
J2 Dip: 6{]“, Dip '1321_?5 2m Rough, undulating

Dhecﬂonﬂan
J3 Dip: 90 / Vertical 70-100 | =5m Moderatelysmoothplanarlorough,

Cm Undulating
(source: DPR Vol.5 p41 Table 5.7.2)
6.2.3
1)
270 m
50 m 316.5 m 20°
15° Figure
6.2.3-1
)
Figure 6.1.3-1 Figure 6.2.3-1
35° 3 Table 6.2.3-1
2
146 m LD-6 13.25m LD-7
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OB 0. |DEDE DEECTION SPACTNG | CORTIDIUTTY CHARACTER T COR TOUR PLAR, PROFILE ARD THE LATOUT HAS BEEN PROVIDED BY THE PROECT AUTHORITT. GE%&ST&EN RESGIDN EE[]}IE{AT A[A
2. JODNTS SHOWN I¥ THE DRAWING ARE SCHEMATIC. M : - _
. aggt < - . - - 3. LITHOLOGICAL BOUNDARIES SHOWH I THE DRAWING ARE BASED 0% LIMITED POINT DATA AND MAY VARY ENGINEERING GEOLOGY DIVISION
FOLIATION| 3510 5-20cm Jm Moderately smooth, Undulating SPATIAITY
I - o . 4. SPATIAL EXTEND OF METABASIC ROCK MAY VARY AT DEPTH TURGA PUMPED STOFAGE PROJECT, DIST: PURULIA, WEST BEMNGAL
I B60°:60° 5-150cm 0.75-13m| Fough wmdulating 5. WITHIN QUABTZ0-FELDSPATHIC GHELSS THERE ARE IRREGULAR. PATCHES OF AUGEN GHIESS AND INTRUDED BY - -
N - BASIC ROCKS AND FEGMATITE GEOLOGICAL SECTION ALONG RIGHT SADDLE DAM AXIS
- 6. ROCK MASS QUALITY IN THE PROPOSED DAM FOUNDATION WILL BE GOOD (Q VALUE 10-15 BME.60-70) HOWEVER, TREDARED BT Dr. 1.5 GHOSHAL, Supide. Geolozis
n B0%170° 10-75cm Sm Moderately smoeth. planar AT PLACES FOCE MASS QUALTTY MAY DETERIORATE TOFAT. CATEGORY (§ VALUE 5-8. MR 55-60) DUE TO THE F.5- 201415 Iéwxm.a g mmﬂﬂmg FolaE
B to rough, undulating PRESENCE OF FRACTURE ZCR7E — v -
- — 1. POCE LINE AND FRESH ROCE LINE MAY VARY DRAWN BY : SUMAN GHOSH, 5r. SURVEYOR
I3 7072000 10-75 em Im Fough imdulating . SCALE OF MAFPING IS 1:2000. Drawing No. GSLER/TPSP2015/104 | Dtz 200715 Plate Fo. 04

Figure 6.2.3-1 Geological Profile of the Saddle Dam Site

(source: DPR Vol .5 Plate 4)
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Table 6.2.3-1 Discontinuities at the Saddle Dam Site

Joint No | Average  atfitude
(Dip/dip direction)

Spacing Continuity Characteristics

Foliation _ @ )
Dips: 35 Dip

Direction:mo

5-20 cm =5m

Maoderately smooth , undulating

J1 _ ° :
Dip: 60, Dip

Direction: 600

5150 cm | 0.75-1.5 m | Rough, undulating

J2 s
Dip: 60, Dip

Direction:ﬁDD

10-75 cm 5m

Maoderately smooth planar to rough,
undulating

J3 s
Dip: 70, Dip

Direction: 2{100

10-75 cm 3m

Rough, undulating

30°

3)
14.65 m
LD-15 8m
8.5 Lu 45 m
LD-7 2 Lu 10 m
LD-5
5m
6.2.4
464.00 m
490 m
MDDL 441.40 m
Figure 6.2.4-1
10 m

(source: DPR Vol.5 p41 Table 5.7.3)

195 m
Class Il
LD-6 3Lu
Im
10 m 5 Lu
2
Ajodhya Hills 500 m
20°
60°
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DPR Vol.5 p54

25 m

25 m
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Figure 6.2.4-1

Geological Map of the Upper Reservoir Area

(source: DPR \Vol.5 Plate 11)
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6.2.5

3165 m
Figure 6.2.6-1
20 50°
6.2.6
15m 2 Lu 10m
13 m
10 m 5Lu 5m
6.2.6
25 m 55 m 160 m
Turga 280 m
150 m
3
Figure 6.2.6-2
45° 4
Table 6.2.6-1 DPR Vol.5 p44
RMR 70 80 classll Good Rock 1
3m 3 N40°E  60°
PH- 1 1536 156.2m
1535 156.2 m 92.3% RQD 51%
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N Geological Map of Lower Dam and Reservoir,

= - Turga Pumped Storage Project, Purulia District, West Bengal

Scree (< 2 m) ® BH
. % 8 Scree (2-3 m) Contour (325 m)

S ' - - 7 Soll (5-10m) Corttour (m)
= Colluvium (2-5 m)

» Colluvium (5-10 m)

- ; - ’ Matabascs

- . v " Meatabasics & augen gneiss

" ' T Pegmatite
- Pegmatitile & Quartzo-feidspathic gneiss

= Porphyritic/augen gneiss
: : I Porphyriticiaugen gneiss and Pegmatite
- ! Quartzo-feldspathic gneiss
' Quartzo-feldspathic gneiss & augen gnedss

L8 . f
re “ T
Existing _~Turga Nala
Reservoir " o
BH-5 S———— »
BH4,BH3 e
= BH®
ey P !‘H‘"! '
| Main Dam -
Existing M i e
alternate spillway & Spillway .
spill channel
150 0 SCALE 600
Metars Mapped by
1:2,000

Saibal Ghosh & Indranil Chakraborty, Senior Geologists
Engineering Geology Division, Geological Survey of India, Kolkata

Figure 6.2.6-1 Geological Map of the Lower Reservoir Area
(note : This geological map was made at the middle stage of geological investigation and dam axis boreholes were then planned. It was adopted as it includes useful detailed geological information)
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GEOLOGICAL CROSS SECTION OF POWER HOUSE
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LEGEND DETAILS OF JOINT SETS AT POWERHOUSE COMPLEX NOTE GEOLCGICAL. SURVEY OF INDIA
0 L Smooth P1 il 1. CONTOUR PLAN, PROFILE ANT THE LAYOUT HAS BEEN PROVIDED BY THE PROTECT AUTHORITY EASTERN REGION KOLKATA
Foliation 45" 0° 30 -80 cm ong moo anar; tight P iy = iy i P T : ENGINEERING GEQLOGY DIVISION
ROCE WITH THIN SCREE COVER. 2 JOINTS SHOWN IN THE DRAWING AREA SCHEMATIC.
) 150-910° - 3-5m ; R 3. LITHOLOGICAL BOUNDARIES SHOWY I¥ THE DRAWING ARE BASED ON LIMITED POINT DATA
METABASICS Jomt o2 10-73 em ) Rough, undulating and no infillingg *ax sav VASY AT DEPTH MURGA PUMPED STORAGE PROJECT, DIST. —PURULIA, WEST BENGAL
e 4 SPATIAL EXTEND OF METASASIC ROCK MAY VARY AT DEPTH AS IT OCCURS
- 0. ] i . . . ASINTRUSSIVE WITHIN GNEISS
QUARTZO-FELDSPATHIC GNEISS Jomt 10290 0-100cm | 2-5m Moderately smoath, planar to roagh, undulating 5 202 9cg QUATITY DN THE PROPOSED POWER EOUSE CAVERN WILL BE GOOD (g VALUE 10-20, EDLO?REE‘::RSEECBTSRS ?:&P:E]:ZESR HOLSlSEdLg pem—
; - EMA §5-77). HOWEVER. AT PLACES EOCK MASS QUALITY MAY DETORIATE TOFAR CATEGORY ) (DR, T, Supdtg. Geologi
TJoint BOE-an® T0 -150 cm 2.8m Moderately smooth, planar to rough, undulating { Q VALUE 3-8, RMR 30-60) DUE TO THE PRESENCE OF FRACTURE ZONE F.5.: 2014-15 KAVITHA 5. GEHﬁ‘gq'St
FRACTURE ZONE with o miilings & WITHDY QUATZO-FELDSPATHIC GNEISS THERE ARE RREGULAR PATCHES OF AUGEN GNEISS DRAWN BY: SUBRATA DAS, SR. SURVEYOR
- 6[]9 EDI‘I 100 _200 7 . AND INTRUDED BY BASIC ROCE AND PEGMATITE
Joint | 2-3m Reugh. undulating, Random 7.SCALE OF MAPPING IS 1:2000 Drawing No. GSUEWSPIEDIEIO?l Date: 20.0?.2015| Plate no: 7

(source: DPR Vol .5 Plate 7)
Figure 6.2.6-2 Geological Profile of the Power House Site
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6.2.7

Table 6.2.6-1 Discontinuities at the Power House Site

, Average attitude . _— _
Joint No (Dip/dip direction) Spacing  [Continuity | Characteristics
- Dips: 45° Dip .
Faliation . 0 50-80 cm Long Smooth planar, tight
Direction:0
P i [ )
1 Dip: 457 ,Dip 0 10-75 em 35m ﬁg:.lliih.s undulating and no
Direction: 210 g
.
J2 Dip: 70, Dip 5 70-100em 2.5 m Eﬂdera;‘ely ;’T?.mh planar
Direction: 250 rough, unauiating
P R Moderately smooth planar
J3 Op:B070P | 70-1500m | 28m  [to rough, undulating, no
Direction: 90 infillings
(source: DPR \ol.1 Capter5 p4l Table 5.8.6)
290 m 2017 10 10
216 m
120 m 105 m
oH 7.30 MPa
oh 4.85 MPa
oV 3.16 MPa
lo 2.31
/o 1.53
36°
Figure 6.1.3-1 Figure 6.2.7-1

262 m
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@)

45°
3m
(2
1
Class Il
45°
3)
4
7m
)

50 m

10°

55m

9m

HRT-1 105.5m

90 44m
100 m 200 m

10 m

40°

9.45m

INT-1

RQD 90%

30m

10m

40 m

53m

10 m

30m 100m

RMR

45°

Q)

10°
TRT-1 455m

45°

6-30



L o g
LERE T D
| Cohmen o omma T e, . Suservn
LA T THS JCREE COVEL OB PR PRI LB T L L AN BN LY Y TN R TR TR P ) TR B T T 8 R T T T 0 T B T TR
E m UAREIOFELIMSATIOS CHERL ST S B S RBLARE M S RS LA B T 0 6T AT W e e P P R - P g i GELBEIRN e mar s | Plane rer 0%
f— - F——————— — = =
E et P —— : . - A1 T M FUNTEN GF SATIPURM AW METGIN 47 THE FIMIN MU TRON OF NTHAEM

DETAILS OF JOINTS AT WATER, CONDUCTOR 0
P ) [—— —

TIA CoRSRLET
St || e - T [ o e
e Tla | ———
[ - o
5 - M- i | s P g
n e nam P || ey
_ )
= . —r— TT= | et i
[ W LI T L —
2 L oo =
- L ' T
= ar T e e T
= - e . -
E—
] e e T | e ey
T
[re= - [P (S
n | wer T vie [ m———
N - - san oot g s
» war [ep— T =
c_

GEOLOGICAL SURVEY OF INDILA
EASTERN REGION, ROLEATA

[FLRGA PUMPED TTCRAGE PROTFCT, DT PLRIT LA WEAT RENGLL

GEQUDECAL JECTION OF WATER CONDRUCTOR ITITEM @

Figure 6.2.7-1 Geological Profile of the Water Way Route
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6.3

DPR Vol.1 Chapter5 5.9

6.3.1

Turga 2 1

Table 6.3.1-1
Table 6.3.1-2

Table 6.3.1-1 Quantities of Construction Materials Required

Sl Structure Core Filter Rockfill Fine Coarse
No. Material | Material Material Aggregate | Aggregate
(Lac m®) | (Lac m?) (Lac m?) (Lac m?) (Lac m?)
1 Upper Dam 5.50 223 28.80 0.21 0.42
2 Lower Dam - - - 3.78 7.55
3 Lower Saddle Dam 290 140 1497 - -
4 Power House and T.H. - - - 025 0.50
5 Waterway - - - 0.36 072
Total 54 363 4377 4 60 919

Mote: CQuantities of concrete aggregate are estimated based on the following tentative
figures:

Fine Aggregate: 750 kg per m? concrete.
Coarse Aggregate: 1150 kg per m? concrete.

Specific Gravity: 2.55

Lacm® 10°m? (source: DPR Vol.1 Capter5 p54 Table 5.9.1)
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Table 6.3.1-2 Quantities of Construction Materials Available

Sr. | Description Name of Quarry Cluantity

MNo.

1 Clay + Jilingtadh (UCA-1) 1.37 Lac m?
¢ Hathinada (UCA-3,4&5) 585 Lac m®
¢ Purana tarpania (UCA-7.889) | 2 27 Lacm?
¢ Dulgubera (UCA —6) 0.30 Lac m?
+  [Kudna (LCA-1) 1.44 Lac m?
* Turga Lower Reservoir (LCA- 0.18Lac m?

9
*  Gosaidih (LCA-4&5) 0.7% Lac m?
* Drift Area & Bagmundi BA 103L 3
(LCA-2) Hetacm
* Saddle Dam area Baghmundi 3
(LCA-3) 0.36 Lac m

2 Rockfill & Filter *  Kudna 220 Lac m®
* Dulgubera 10 Lac m®

3 Coarse Aggregate & |* Turga 22 Lac m?

Fine Aggregate 2
» Dulgubera 10Lacm
50 Lac m?
« Mali .
220 Lac m®
+  Kudna 75 Lac m*
* Hadhadinala

Lac m?

10° m®

(source: DPR \ol.1 Capter5 p55 56 Table 5.9.2)
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6.3.2

1)

- Mechanical Analysis

- Atterberg Limits

- Standard Procter Compaction

- Specific Gravity

- Triaxial Shear Test

- One Dimension Consolidation

- Laboratory Permeability

- Soil Diversity Identification Test

- Chemical Analysis of Soil

(source: DPR Vol.1 Chapter 5 p58-59)
)
Table 6.3.2-1
55x10°m3 Table 6.3.2-1
Table 6.3.2-1 Selected Borrow Areas for the Upper Dam
Borrow Area Distance from Upper Dam Site Available Volume
km 10° m®
Jilingtadh 3.7 1.37
Hathinada 2 5.85
Parana Tarpania 1 2.27
Total 9.49
Table 6.3.2-2
2.9 x 10° m? Table 6.3.2-2

Table 6.3.2-2 Selected Borrow Areas for the Saddle Dam

Borrow Area Distance from Saddle Dam Available Volume
Site (km) (10° m®)
Kudna 5 1.49
Turga Lower Reservoir 0.5 0.18
Gosaidih 1 0.7
Drift and Baghmundi 1 1.03
Total 3.4

6-35



6.3.3

3.63x10°m? 47.4 x 105 m3
Table 6.3.3-1
2 Purulia
2 oedometer
2
230 x 10° m3
180 x 105 m3

43.77 x 10° m?®

Kudna  Dulgubera

Table 6.3.3-1

Table 6.3.3-1 Selected Quarry Sites for Rock and Filter Materials

Quarry Site Distance from Upper Dam Site and Available Volume
Saddle Dam Site (km) (10° m?)
Kudna 12 (Upper Dam Site) and 220
5 (Saddle Dam Site)
Dulgubera 2 (Upper Dam Site) 10
Total 230
6.3.4
)
Turga 9.19x 10°m?3
5
Kunda Dulgubera Hadhadi nara 3
3

Specific Gravity
Water absorption
Aggregate Impact value
Aggregate Crushing Value
Aggregate Abrasion Value ( Los- Angeles)
Soundness Loss ( 5cycles)
Alkali Aggregate reactivity test
(source: DPR Vol.1 Chapter 5 p81)
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Table 6.3.4-1

Selected Quarry Sites for Coarse Concrete Aggregates

Quarry Site Distance from Upper Dam Site Available Volume
and Saddle Dam Site (km) (10° m3)
Kunda 12 (Upper Dam Site) and 220
5 (Saddle Dam Site)
Dulgubera 2 (Upper Dam Site) 10
Hadhadi Nala 2 75
Total 305

*:Planned construction facilities are close to the upper dam site and the saddle dam site.

)
Turga

Purulia

4.6 x 10°m3

Kudna
Kudna
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Turga Subarnarekha river Turga 8.29
km?  12.66 km? Ajodhya
Turga 27248 m 262.72m
1.70 m3
Turga 708 ha Kharif
Rabi 4.6 m3
Turga Turga
Turga 18.0 m?3
14.2 m3 Turga 21.6
m3 15.7 m3 14.2 m3  Turga 15 m3
Turga Turga
Turga
Figure 7.1-1 Figure 7.1-2
Detailed Project Report; DPR
1)
2)
3) I.S. 1123-1985
4)
5)
7.1
6 10
10 1 11 2
25.3 12.4
Baghmundi 1,334
mm 3 25%
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(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Figure 7.1-2
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7.2

7.2.1
15.7 m3 14.2 m3
4.51 m3 6.88 m3
DPR 40
7.2.2
Turga Kistobazar Table 7.2.2-1
Figure 7.1-1
Table 7.2.2-1
Period
No. Namfa of Type of River Basin Remarks
Station Data
From To
1 Purulia Monthly | Kistobazar Nala | 1983 | Oct. Monthly monsoon months available
Upper dam (Purulia Pumped 1990 | in DPR of Purulia Pumped Storage
storage Project) Project
2 Purulia Monthly | Ditto 1983 | Oct. Ditto
Lower 1990
Dam
3 Ranga Monthly | Ditto Aug. | Jan. Ditto
Center 1982 | 1987
4 Kistobazar | Daily Ditto June | Oct. Ditto
1983 | 1989
5 Purulia Daily Ditto June | Dec. | ditto
2000 | 2012
6 Baghmund | Monthly | Turga Nala 1958 | 2012 | A monthly monsoon rainfall data
i (Turga Pumped made available from 1958 to 2012
Storage Project) Missing year 1998, 1999 & 2000.
7. Ajodhya Monthly | Kistobazar (Purulia | Aug. | 2002
Hills Pumped storage | 1983
Project)
8. Turga Daily Turga Nala (Turga | June | 2011
Pumped Storage | 2003
Project)
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
8 DPR 3
40 DPR
Baghmindi
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Baghmindi 1958 2012
1998 , 1999 2000
Ayodhya Hills
Ayodhya Hills Baghmundi 1998 2000
Baghmundi Baghmundi
Baghmundi Ajodhya Hills Table
7.23-1 Table7.2.3-2
1983 1989 Kistobazar Turga
Kistobazar Table 7.2.3-3
7.2.3
Turga Kistobazar 2 Kistobazar Kistobazar
18.75 km? Turga Turga Kistobazar
Subarnarekha
Turag Baghmundi 12.66 km? 6 10
1999 EDF Preliminary Feasibility Report;
PFR 1990 1997 8
Kistobazar 18.75 km? 6 10
Purulia DPR 1983
1989 7 1989
Figure 7.1-1 1983 1989 Kistobazar
1990 1997 Turga Table 7.2.3-4  Table 7.2.3-5
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Table 7.2.3-1 Baghmundi 1958 2012 inmm
Monsoon Non
Year June July Aug Sep Oct Monsoon Annual
Total
Total
1958 152.60 417.40 234.00 403.80 70.60 1,278.40 412.10 1,690.50
1959 150.50 412.00 231.30 256.50 252.30 1,302.60 145.60 1,448.20
1960 107.70 279.00 385.10 257.20 91.60 1,120.60 59.70 1,180.30
1961 365.90 94.00 260.20 419.40 223.00 1,362.50 106.70 1,469.20
1962 159.70 315.50 285.40 327.00 105.40 1,193.00 30.70 1,223.70
1963 166.60 349.90 351.60 243.60 162.20 1,273.90 42.60 1,316.50
1964 223.50 465.90 370.00 273.50 100.20 1,433.10 98.50 1,531.60
1965 164.70 478.70 329.00 103.20 39.00 1,114.60 91.50 1,206.10
1966 302.70 90.10 248.60 96.70 70.10 808.20 63.10 871.30
1967 14.30 32.90 405.50 815.00 0.00 1,267.70 121.70 1,389.40
1968 255.50 503.50 440.00 39.50 29.00 1,267.50 44.00 1,311.50
1969 105.00 238.00 198.20 240.40 4.00 785.60 86.00 871.60
1970 177.30 391.30 263.70 474.90 68.80 1,376.00 47.20 1,423.20
1971 334.10 426.60 505.00 131.70 59.10 1,456.50 416.00 1,872.50
1972 97.40 196.60 391.60 152.70 77.30 915.60 63.00 978.60
1973 140.70 367.80 281.00 302.50 151.80 1,243.80 90.20 1,334.00
1974 68.20 634.60 282.00 256.60 14.00 1,255.40 43.00 1,298.40
1975 153.50 197.00 95.00 361.00 50.00 856.50 76.60 933.10
1976 60.00 181.00 93.00 283.20 11.00 628.20 59.20 687.40
1977 270.00 309.00 188.00 157.00 29.00 953.00 144.20 1,097.20
1978 281.00 202.00 306.00 379.00 122.00 1,290.00 213.50 1,503.50
1979 187.80 266.00 215.40 90.00 49.40 808.60 149.80 958.40
1980 157.40 476.60 225.60 196.00 108.80 1,164.40 146.80 1,311.20
1981 169.80 432.40 315.00 226.60 0.00 1,143.80 382.00 1,525.80
1982 177.10 205.20 272.40 95.60 105.40 855.70 228.60 1,084.30
1983 132.00 288.20 239.20 383.00 113.90 1,156.30 156.70 1,313.00
1984 719.00 197.40 429.80 161.40 74.80 1,582.40 126.80 1,709.20
1985 185.40 469.40 359.20 376.00 217.80 1,607.80 138.60 1,746.40
1986 228.50 261.80 379.60 330.60 101.80 1,302.30 284.40 1,586.70
1987 133.40 448.80 352.00 270.00 21.80 1,226.00 139.40 1,365.40
1988 522.00 176.80 199.40 219.00 10.40 1,127.60 96.40 1,224.00
1989 337.00 310.60 353.30 219.20 31.60 1,251.70 79.20 1,330.90
1990 348.50 684.70 216.00 330.80 81.00 1,661.00 248.50 1,909.50
1991 80.00 341.60 404.40 168.10 16.80 1,010.90 268.80 1,279.70
1992 160.00 281.00 279.80 470.00 27.20 1,218.00 210.00 1,428.00
1993 297.60 193.40 193.50 413.00 106.00 1,203.50 111.80 1,315.30
1994 523.40 482.80 298.60 161.70 104.80 1,571.30 157.00 1,728.30
1995 222.40 337.80 468.10 402.90 94.00 1,525.20 261.50 1,786.70
1996 586.60 346.20 345.60 107.80 11.20 1,397.40 39.40 1,436.80
1997 248.00 436.30 537.00 212.70 43.80 1,477.80 107.40 1,585.20
1998* 209.76 298.50 277.46 232.47 63.16 1,081.36 123.92 1,205.29
1999* 289.12 411.43 382.43 320.42 87.06 1,490.46 170.81 1,661.26
2000* 166.50 236.94| 220.24 184.52 50.14 858.34| 98.37 956.70
2001 404.90 367.50 247.20 98.00 17.60 1,135.20 155.60 1,290.80
2002 429.20 138.00 332.80 150.20 102.80 1,153.00 84.20 1,237.20
2003 71.40 228.60 321.80 126.20 178.60 926.60 87.40 1,014.00
2004 74.00 212.40 390.80 125.40 86.80 889.40 114.60 1,004.00
2005 118.20 311.60 216.40 146.80 67.80 860.80 119.00 979.80
2006 192.20 314.60 248.00 219.60 19.00 993.40 129.80 1,123.20
2007 144.00 593.80 350.60 328.60 10.00 1,427.00 144.00 1,571.00
2008 515.40 581.00 288.00 150.80 4.00 1,539.20 67.20 1,606.40
2009 35.20 356.80 295.00 363.00 39.20 1,089.20 136.80 1,226.00
2010 126.70 163.30 162.80 190.40 25.20 668.40 175.40 843.80
2011 591.80 237.00 559.00 275.40 40.60 1,703.80 83.20 1,787.00
2012 232.40 497.80 367.60 429.20 1.80 1,528.80 64.40 1,593.20
Average 232.14 330.35 307.06 257.27 69.90 1,196.72 137.14 1,333.86
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Ajodhya Hills  Baghmundi Baghmundi
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Table 7.2.3-2 Ajodhya Hills 1983 2002 in mm
Monsoon Non
Year June July Aug Sep Oct Monsoon Annual
Total
Total
1983 190.20 255.30 347.40 391.60 185.00 1,369.50 155.90 1,525.40
1984 838.50 219.50 377.00 168.20 117.50 1,720.70 81.00 1,801.70
1985 166.00 394.50 380.50 325.50 154.00 1,420.50 91.00 1,511.50
1986 388.90 324.50 252.50 319.50 116.50 1,401.90 232.80 1,634.70
1987 98.90 525.30 511.40 264.00 0.00 1,399.60 151.00 1,550.60
1988 614.30 277.30 166.50 300.20 22.50 1,380.80 144.80 1,525.60
1989 452.00 475.60 569.00 238.50 56.00 1,791.10 132.20 1,923.30
1990 259.50 667.00 272.00 441.00 167.50 1,807.00 306.50 2,113.50
1991 71.20 410.80 459.21 370.00 3.00 1,314.21 153.50 1,467.71
1992 188.00 374.10 74.10 755.00 52.00 1,443.20 275.70 1,718.90
1993 338.90 211.70 200.50 393.00 135.00 1,279.10 143.80 1,422.90
1994 382.40 503.80 359.10 250.10 116.60 1,612.00 140.40 1,752.40
1995 106.20 325.60 451.39 464.80 144.10 1,492.09 345.40 1,837.49
1996 681.40 276.20 303.20 86.50 47.30 1,394.60 127.60 1522.20
1997 390.90 469.70 602.80 233.60 30.30 1,727.30 157.60 1,884.90
1998 74.00 231.20 366.20 252.40 269.00 1,192.80 296.70 1,489.50
1999 407.00 383.00 414.00 531.00 207.00 1,942.00 111.00 2,053.00
2000 198.70 365.40 185.20 128.00 93.00 970.30 212.00 1,182.30
2001 499.00 474.00 293.00 188.00 100.00 1,554.00 253.00 1,807.00
2002 312.00 97.00 440.00 312.00 124.00 1,285.00 43.00 1,328.00
Average 332.90 363.08 351.25 320.65 107.02 1,474.89 177.75 1,652.63

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

Table 7.2.3-3 Kistobazar 1983 1989 in mm
Year June July Aug Sep Oct Monsoon
1983 101.80 173.50 275.50 310.40 113.90 975.10
1984 739.20 200.50 403.30 130.80 75.00 1,548.80
1985 169.10 482.90 329.60 296.10 212.60 1,490.30
1986 255.90 304.90 311.40 254.20 95.20 1,221.60
1987 108.80 483.50 397.70 291.60 5.70 1,287.30
1988 529.20 283.20 201.20 283.40 9.40 1,306.40
1989 426.10 346.20 386.50 205.90 71.30 1,436.00

Average 332.87 324.96 329.31 253.20 83.30 1,323.64

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

Table 7.2.3-4 Kistobazar 1983 1989 inmm
Monsoon Non
Year June July Aug Sep Oct Monsoon Annual
Total

Total
1983 8.20 76.00 120.20 215.50 111.90 531.80 9.80 541.60
1984 574.00 128.00 269.30 155.30 54.00 1,180.60 45.10 1,225.70
1985 12.70 167.20 162.10 181.60 102.10 625.70 100.10 725.80
1986 33.90 129.40 206.11 156.00 83.10 608.51 180.80 789.31
1987 4.60 163.70 227.80 123.40 28.30 547.80 113.00 660.80
1988 320.00 66.80 56.90 120.00 39.60 603.30 143.70 747.00
1989 107.30 120.00 182.00 156.00 92.60 657.90 67.50 725.40
Average 151.53 121.59 174.92 158.26 73.09 679.37 94.29 773.66




Table 7.2.3-5 Turga 1990 1997 in mm
Year June Jul Au Se Oct Monsoon
y g P Total
1990 43.28 155.62 229.08 117.54 120.23 665.75
1991 5.29 24.11 113.59 141.09 45.83 329.91
1992 29.77 63.69 124.83 255.70 73.65 547.64
1993 39.05 31.39 63.48 120.48 51.57 305.97
1994 90.27 193.19 121.92 91.38 41.48 538.24
1995 14.30 68.50 304.30 315.40 76.52 779.02
1996 146.36 113.58 161.01 81.38 40.86 543.19
1997 30.20 125.08 240.85 123.18 41.90 561.21
Average 49.82 96.90 169.88 155.77 61.51 533.87
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Turga 8 Kistobazar
7 Kistobazar
Turga
Kistobazar
Turga 1983 1989 6 10
Kistobazar 1,323.64 mm Turga Baghmundi
1,322.01 mm 0.9988 0.6752 12.66 km?/18.75
km? 0.67 the monsoon runoff series for the period 1983 1989
Kistobazar Turga
1983 1997 Turga Table 7.2.3-6
Table 7.2.3-6 Turga 1983 1997 in mm
Year June July August September | October Monsoon
1983* 5.53 51.26 81.06 145.34 75.47 358.65
1984* 387.11 86.33 181.62 104.74 36.42 796.21
1985* 8.57 112.76 109.32 122.47 68.86 421.98
1986* 22.86 87.27 139.00 105.21 56.04 410.39
1987* 3.10 110.40 153.63 83.22 19.09 369.44
1988* 215.81 45.05 38.37 80.93 26.71 406.87
1989* 72.36 80.93 122.74 105.21 62.45 443.70
1990 43.28 155.62 229.08 117.54 120.23 665.75
1991 5.29 24,11 113.59 141.09 45.83 329.91
1992 29.77 63.69 124.83 255.70 73.65 547.64
1993 39.05 31.39 63.48 120.48 51.57 305.97
1994 90.27 193.19 121.92 91.38 41.48 538.24
1995 14.30 68.50 304.30 315.40 76.52 779.02
1996 146.36 113.58 161.01 81.38 40.86 543.19
1997 30.20 125.08 240.85 123.18 41.90 561.21
Average 74.26 89.94 145.65 132.88 55.80 498.55

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
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7.2.4

(1) Baghmundi Turga 1990 1997
1990 1997 6 10 Baghmundi Turga
0.7838
(2) Baghmundi Kistobazar 1983 1989
1983 1989 6 10 Baghmundi
Kistobazar 0.5872
0.643
(3) Baghmundi Turga 1983 1997
1983 1997 6 10 Baghmundi Turga
1983 1989 Kistobazar
0.6273
3 0.5872 0.7838
0.7 “ ” 0.4
0.7 13 ”
7.25
Turga
DPR 40
2 Kistobaza Kistobazar Turga Turga
Baghmundi 1983 1997
Kistobazar 1984
Baghmundi Table 7.2.5-1 1984
1983 1989 Kistobazar Baghmundi
39 54% 1984 75%
1983 1984 1985 1997
Baghmundi Turga Table
7.2.5-2
0.40
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Table 7.2.5-1 Baghmundi Kistobazar
Year Rainfall at Baghmundi (mm) Runoff at Kistobazar (mm) Runoff Coefficient
1983 1,156.30 531.80 45.99%
1984 1,582.40 1,180.60 74.61%
1985 1,607.80 625.70 38.92%
1986 1,302.30 608.51 46.73%
1987 1,226.00 547.80 44.68%
1988 1,127.60 603.30 53.50%
1989 1,251.70 657.90 52.56%

Average 1,322.01 679.37 51.39%

(source: JPOWER based on DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

Table 7.2.5-2
Month Regression Equation R? R
June Y =0.264X — 27.43 0.81 0.90
July Y =0.432X - 39.29 0.81 0.90
August Y =0.668X —60.47 0.82 0.905
September Y =0.411X + 38.75 0.83 0.911
October Y =0.178X + 0.10X_; +29.99 0.52 0.721
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
X mm
X1 mm
Y mm
Baghmundi
Turga
Baghmundi 11 Turga
Table 7.2.5-3  Table
7.2.5-4
50% 75% 90% Table 7.2.5-5
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Table 7.2.5-3 Turga m?3 8.29 km?
Monsoon Non
Year June July Aug Sep Oct Total Monsoon Annual
Total
1958 0.11 1.17 0.79 1.70 0.63 4.40 0.48 4.88
1959 0.10 1.15 0.78 1.20 0.78 4.00 0.44 4.44
1960 0.01 0.67 1.63 1.20 0.54 4.05 0.45 4.50
1961 0.57 0.01 0.94 1.75 0.87 414 0.46 4.60
1962 0.12 0.80 1.08 1.44 0.62 4.06 0.45 4.50
1963 0.14 0.93 1.45 1.15 0.63 4.29 0.47 477
1964 0.26 1.34 1.55 1.25 0.57 4.97 0.55 5.52
1965 0.13 1.39 1.32 0.67 0.33 3.85 0.42 4.27
1966 0.44 0.00 0.88 0.65 0.37 2.34 0.26 2.59
1967 0.00 0.00 1.74 3.10 0.87 571 0.63 6.34
1968 0.33 1.48 1.94 0.46 0.27 4.47 0.49 4.96
1969 0.00 0.53 0.60 1.14 0.40 2.66 0.29 2.95
1970 0.16 1.08 0.96 1.94 0.69 4.82 0.53 5.35
1971 0.50 1.20 2.30 0.77 0.39 5.16 0.57 5.73
1972 0.00 0.38 1.67 0.84 0.43 3.32 0.37 3.68
1973 0.08 0.99 1.05 135 0.67 4.14 0.46 4.60
1974 0.00 1.95 1.06 1.20 0.42 4.63 0.51 5.14
1975 0.11 0.38 0.02 1.55 0.56 2.63 0.29 2.92
1976 0.00 0.32 0.01 1.29 0.44 2.06 0.23 2.29
1977 0.36 0.78 0.54 0.86 0.36 2.90 0.32 3.22
1978 0.39 0.40 1.19 161 0.68 4.28 0.47 4.75
1979 0.18 0.63 0.69 0.63 0.34 2.47 0.27 2.74
1980 0.12 1.38 0.75 0.99 0.51 3.75 041 4.16
1981 0.14 1.22 1.24 1.09 0.38 4.08 0.45 453
1982 0.16 041 1.01 0.65 0.43 2.65 0.29 2.94
1983 0.06 0.71 0.82 1.63 0.68 3.89 0.43 4.32
1984 1.35 0.38 1.88 0.87 0.43 491 0.54 5.45
1985 0.18 1.36 1.49 1.60 0.82 5.45 0.60 6.05
1986 0.27 0.61 1.60 1.45 0.61 4.55 0.50 5.05
1987 0.06 1.28 1.45 1.24 0.45 4.48 0.49 4.97
1988 0.92 0.31 0.60 1.07 0.39 3.28 0.36 3.64
1989 0.51 0.79 1.46 1.07 0.42 4.24 0.47 471
1990 0.54 2.13 0.69 1.45 0.58 5.39 0.59 5.98
1991 0.00 0.90 1.74 0.89 0.35 3.88 043 431
1992 0.12 0.68 1.05 1.92 0.62 4.39 0.48 4.88
1993 0.42 0.37 0.57 1.73 0.69 3.78 0.42 4.19
1994 0.92 1.40 1.15 0.87 0.48 4.83 0.53 5.36
1995 0.26 0.88 2.09 1.69 0.66 5.59 0.62 6.21
1996 1.06 0.91 141 0.69 0.30 4.37 0.48 4.85
1997 0.32 1.24 247 1.05 0.43 5.50 0.61 6.11
1998 0.23 0.74 1.04 1.11 0.48 3.60 0.40 4.00
1999 041 1.15 1.62 141 0.58 5.17 0.57 5.74
2000 0.14 0.52 0.72 0.95 0.42 2.75 0.30 3.05
2001 0.66 0.99 0.87 0.66 0.30 3.47 0.38 3.85
2002 0.71 0.17 1.34 0.83 0.47 3.52 0.39 3.91
2003 0.00 0.49 1.28 0.75 0.56 3.08 0.34 3.42
2004 0.00 0.43 1.66 0.75 0.42 3.27 0.36 3.63
2005 0.03 0.79 0.70 0.82 0.41 2.75 0.30 3.06
2006 0.19 0.80 0.87 1.07 0.40 3.34 0.37 3.70
2007 0.09 1.80 1.44 1.44 0.48 5.25 0.58 5.82
2008 0.90 1.76 1.09 0.84 0.32 491 0.54 5.45
2009 0.00 0.95 1.13 1.56 0.55 4.19 0.46 4.65
2010 0.05 0.26 0.40 0.97 0.39 2.06 0.23 2.29
2011 1.07 0.52 2.59 1.26 0.48 5.92 0.65 6.58
2012 0.28 1.46 1.53 1.78 0.55 5.61 0.62 6.22
Average 0.29 0.86 1.20 1.20 0.51 4.06 0.45 451

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
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Table 7.2.5-4 Turga m?3 12.66 km?
Monsoon Non
Year June July Aug Sep Oct Monsoon Annual

Total Total
1958 0.16 1.79 121 2.59 0.96 6.71 0.74 7.45
1959 0.16 1.76 119 1.83 1.18 6.11 0.67 6.78
1960 0.01 1.03 2.49 1.83 0.82 6.18 0.68 6.86
1961 0.88 0.02 1.43 2.67 1.32 6.32 0.70 7.02
1962 0.19 1.23 1.65 2.19 0.94 6.20 0.68 6.88
1963 0.21 1.42 221 1.76 0.96 6.56 0.72 7.28
1964 0.40 2.05 2.36 191 0.86 7.59 0.83 8.43
1965 0.20 212 2.02 1.03 0.51 5.88 0.65 6.52
1966 0.66 0.00 1.34 0.99 0.57 3.57 0.39 3.96
1967 0.00 0.00 2.66 4.73 1.32 8.72 0.96 9.68
1968 0.51 2.26 2.96 0.70 0.41 6.82 0.75 7.57
1969 0.00 0.80 0.91 1.74 0.60 4.06 0.45 451
1970 0.25 1.64 1.46 2.96 1.05 7.36 0.81 8.17
1971 0.77 1.84 3.51 1.18 0.59 7.88 0.87 8.74
1972 0.00 0.58 2.55 1.29 0.66 5.07 0.56 5.63
1973 0.12 151 1.61 2.06 1.02 6.33 0.70 7.02
1974 0.00 2.97 1.62 1.83 0.65 7.07 0.78 7.84
1975 0.17 0.58 0.04 2.37 0.86 4.01 0.44 4.45
1976 0.00 0.49 0.02 1.96 0.67 3.15 0.35 3.50
1977 0.56 1.19 0.82 1.31 0.56 4.43 0.49 4.92
1978 0.59 0.61 1.82 2.46 1.05 6.53 0.72 7.25
1979 0.28 0.96 1.06 0.96 0.52 3.77 0.41 4.18
1980 0.18 2.11 1.14 1.51 0.78 5.73 0.63 6.35
1981 0.22 1.87 1.90 1.67 0.58 6.23 0.69 6.92
1982 0.24 0.62 1.54 0.99 0.65 4.05 0.44 4.49
1983 0.09 1.08 1.26 2.48 1.03 5.95 0.65 6.60
1984 2.06 0.58 2.87 1.33 0.66 7.50 0.83 8.33
1985 0.27 2.07 2.27 2.45 1.26 8.32 0.92 9.23
1986 0.42 0.93 2.44 2.21 0.94 6.95 0.76 7.71
1987 0.10 1.96 2.21 1.90 0.68 6.84 0.75 7.60
1988 1.40 0.47 0.92 1.63 0.59 5.01 0.55 5.56
1989 0.78 1.20 2.22 1.63 0.64 6.47 0.71 7.19
1990 0.82 3.25 1.06 2.21 0.89 8.23 0.91 9.14
1991 0.00 1.37 2.65 1.37 0.54 5.93 0.65 6.58
1992 0.19 1.04 1.60 2.94 0.95 6.71 0.74 7.45
1993 0.65 0.56 0.87 2.64 1.05 5.77 0.63 6.41
1994 1.40 2.14 1.76 1.33 0.73 1.37 0.81 8.18
1995 0.40 1.35 3.19 2.59 1.01 8.54 0.94 9.48
1996 1.61 1.40 2.16 1.05 0.45 6.67 0.73 7.40
1997 0.48 1.89 3.78 1.60 0.66 8.40 0.92 9.33
1998 0.35 1.14 1.58 1.70 0.73 5.50 0.60 6.10
1999 0.62 1.75 2.47 2.16 0.89 7.89 0.87 8.76
2000 0.21 0.80 1.10 1.45 0.64 4.19 0.46 4.65
2001 1.01 151 1.32 1.00 0.45 5.30 0.58 5.88
2002 1.09 0.26 2.05 1.27 0.71 5.38 0.59 5.97
2003 0.00 0.75 1.96 1.15 0.85 471 0.52 5.23
2004 0.00 0.66 2.54 1.14 0.65 4.99 0.55 5.54
2005 0.05 121 1.06 1.25 0.63 4.20 0.46 4.67
2006 0.30 1.22 1.33 1.63 0.61 5.10 0.56 5.66
2007 0.13 2.75 2.20 2.20 0.73 8.01 0.88 8.90
2008 1.38 2.68 1.67 1.28 0.49 7.49 0.82 8.32
2009 0.00 1.45 1.73 2.38 0.84 6.40 0.70 7.11
2010 0.08 0.40 0.61 1.48 0.59 3.15 0.35 3.50
2011 1.63 0.80 3.96 1.92 0.73 9.05 1.00 10.04
2012 0.43 2.23 2.34 2.72 0.84 8.56 0.94 9.50
Average 0.45 1.32 1.83 1.83 0.77 6.20 0.68 6.88

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
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Table 7.2.5-5

Catchment 90% 75% 50% Average
Location Area Dependable Dependable Dependable Annual
(km?) Flow Flow Flow Runoff
(MCM) (MCM) (MCM) (MCM)
Lower Dam 12.66 4.47 5.63 7.02 6.88
Upper Dam 8.29 2.93 3.68 4.6 451

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

Turga
7.3
(1) E
Indian Meteorological Department; IMD 10 15
Table 7.3-1
Table 7.3-1 inmm

Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. | Oct. | Nov. | Dec. | Total

70 80 140 | 180 | 210 | 170 | 110 | 120 | 100 90 70 50 1,390

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

@) ETA

Table 7.3-2 in mm

June | July | Aug. | Sep. Oct. | Monsoon | Non-Monsoon Annual

Rainfall 232 330 307 257 70 1,197 137 1,334

Inflow 35 104 145 145 62 490 54 544

Eta 197 226 162 112 8 707 83 790
(source: JPOWER revised DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

1958 2012
@)
Table 7.3-3
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Table 7.3-3 in mm
June | July | Aug. | Sep. Oct. | Monsoon | Non-Monsoon |  Annual
Evaporation 170 110 120 100 90 590 800 1,390
Evapotranspiration 197 226 162 112 8 707 83 790
A Evaporation -27 -116 -42 -12 82 -117 717 600

(source: JPOWER revised DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

4
0.53 km? 0.93 km? 0.28 km?
0.53 km?
0.73km?2  0.42 km?
0.44 m3 0.73x 0.600) 0.25 m3 0.42
x 0.600
7.4
1)
Turga 1,045
m3/km?/year
1,045 m3/km?/year 1.045 mm/year Central Water Commission:;
cwcC “ 2011”
2
Brune Figure 7.4-1
Turga 21.6 m? Turga 18.0 m3
451 m3 6.88 m?
48 2.6 Brune
98 99% DPR
100%
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100

~
L
2 60 1
m
= Emvelope curves for normal ponded resenvoir
£ a0 f,; U T T Y I
E Y / Madian cune for normal ponded resanoir
=
5 2 AF
o 17
0001 T ooos f oo2 T 0102 05 1 235710
0.002 0.0 0.05
Capacity-Inflow ratio (Total storage capacity/Annual inflow )
Figure 7.4-1 by Brune
®)
12182-1987 “
effects of sedimentation in planning and performance of reservoir ”
70 !
8.29 km?  12.66 km?
4.37 km? 70
=1,045 x 8.29 x 70 = 0.606 m3
=1,045 x 4.37 x 70 = 0.320 m?3
8.29 km?
km? 0.0087 m3  0.0046 m3
21.6 18.0 m3
0.026% 0.1%
70 0.606 m3  0.320 m3
441.40 m 280.40 m
5.9 3.8 m3
0.606 0.320 m3 422.4 m
42340 m 260. 40
! DPR 35

Determination of

4.37

0.040%

259.40 m
m
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(4)

empirical area-reduction method developed from field
survey data by Borland and Miller (1958) and modified by Lara (1962)

70 2 408.2 m
441.40 m
Turga /
255.5m 280.40m
7.5
Turga 12.66 km? Turga 1.4875 m3
9.065 km? Kharif
Rabi
Table 7.5-1
Kharif Crop Water Requirement (MCM)
July 0.50449
August 1.39260
September 1.03366
October 1.15206
Sub-total 4.08281
Rabi Crop
November to February 0.49957
Total 4.58238
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Turga
7.6
Baghmundi Adjoining Mouzas 2025 1,507 ha
12,476 2002 Scientific Source
Funding Committee
Turga
2025 5% 585
ke/ 0214 m3/ Turga

270
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7.7  Turga
Table 7.7-1 Turga
10
1.5 m?3
Table 7.7-1 m3
Monsoon | Non-monsoon
June | July | Aug. | Sep. Oct. Total Total Annual
a. Turga Inflow (Lower
Dam) 0.450 | 1.320 | 1.830 | 1.830 | 0.770 6.200 0.680 6.880
b. Environmental flow 0.050 | 0.170 | 0.010 | 0.710 | 0.260 1.200 0.110 | 1.310
¢. Balance flow (a-b) 0.400 | 1.150 | 1.820 | 1.120 | 0,510 5.000 0570 | 5570
d. Loss due to evaporation | 0.196 | 0.127 | 0.138 | 0.115 | 0.104 0.679 0.920 1.599
e Gaindueto 0.288 | 0.330 | 0.238 | 0.166 | 0.016 1.038 0421 | 1.159
evapotranspiration
f. Balance flow after
. . 0.492 | 1.353 | 1.920 | 1.171| 0.423 5.360 -0.229 5.131
incremental evaporatlon
g. Irrigation requirement 0.000 | 0.504 | 1.393 | 1.034 | 1.152 4.083 0.500 4,582
h. Balance flow after 0.492 | 0.849 | 0.527 | 0.138 | -0.729 1.277 0729 | 0549
irrigation demand (f-g)
Turga 15
m3 Turga
WBSEDCL
7.8
Turga I.S. code 11223-1985 for design of spillway
7.8.1
Table 7.8.1-1 2
Table 7.8.1-1 1.S. code 11223-1985
Classification Gross Storage (MCM) Static Head (m)
Small Between 0.5 and 10 Between 7.5 and 12
Intermediate Between 10 and 60 Between 12 and 30
Large Greater than 60 Greater than 30
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Inflow Design Flood; IDF

100
Standard Project Flood ; SPF
Probable Maximum Precipitation; PMP
Flood; PMF
7.8.2
Turga Turga
21.6 mé  18.0 mé 10 mé 60
30 m
PMF
7.8.3
1)
A=12.66 km?,
L=7.90 km,
Lc =3.50 km,
S =43.42 m/km,
H=319m.
(2)
3
Kirpich
te = 094545 (1°7/ 395 ) = 1.09
California
3 0.385
te=(087L/y) =112
Bhatnagar
3 0.345
te=("/y) =116
3 11

8.29 km? 12.66 km?

Standard Project Storm; SPS

Probable Maximum
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7.8.4

@)

)

Mahanadi
Moisture Adjustment Factor; MAF

PMP
PMP Atlas
565 mm
1 735 mm
785 mm PMP
PMF
Mahanadi
0.695 12
122.75 mm/hour 785x 0.695x 0.225
0.05 m3/km?
Flood Estimation Report
Q=0.278CIA
C 1
I mm/hour
A km?
1)
Netl =122.75-1.5=121.25 mm/hour
A = 8.29 km?
Q =279.44 md¥/s
Qbase =0.42 m3/s
2Q =279.86 ~ 280 m?/s
2)
Netl =122.75-1.5=121.25 mm/hour
A =12.66 km?
Q =426.74 m¥/s
Qbase =0.63 m3/s
*Q  =427.37=428 m%/s

280 md/s

24

50 mm

428 md/s

1
30% MAF=1.3
24
PMP Atlas
12
0.225
1.5 mm/hour

CcwcC
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@)

25

1.S. 14815-2000, Design flood for river diversion works —guidelines

25
25 240 mm
109 m3/s 167 m3/s

25
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West Bengal State Electricity Distribution Company

Limited WBSEDCL Detailed Project Report DPR
8.1
8.1.1
Figure 8.1.1-1 Figure 8.1.1-2
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: raLiscE TE-rLE [ |
[ E OUTLET
STV ER S L — TURGA PUMPED §TORAGE FRIOJECT
= - LO-[
TAAE - O (s i
TE#-QOzasy ~0al
= Tl Z1ILE
MK [ e Gl R FLAL LA EIT PLAR
THAN= EXIETING BOsE OF THE FROJECT
T8
S v Cali-

Figure 8.1.1-1 General Layout




PHOFLE OF WO.2 waTERWE T

Figure 8.1.1-2 Longitudinal Section

8.1.2
DPR
3
ALTERNATE- EDF PFR AXIS« H AN )
L/H=12+ _ N
BN
ALTERNATE- WAPCOS PFR AXIS:
Figure 8.1.2-1 Alternatives for Upper Dam Axis study
8.1.3
@)
DPR Figure 8.1.3-1 3
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Layout 2
DPR

Layout 2

Selected

Figure 8.1.3-1 Alternatives for Waterway

)
Figure 8.1.1-2 DPR
9.0m
8.14
DPR
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8.2
8.2.1

2 1,000m

FLAN

SECTION C—C

SECTION A—A

Figure 8.2.1-1 Intake

8.2.2

9.0m




kWh 6.59INR 3.70INR DPR
8.3
8.3.1
2 4
180m
8.3.2
- 30%
- 30%
- ASTM A537CL2 ASTM 517F HT80
DPR 9.0m
- Y
- Y
8.3.3
Table 8.3.3-1 Metal Work List
1) Intake Equipment Quantity
* Intake trashrack : 6 sets
» Intake Auxiliary gate : 2 sets
* Intake gate . 2 sets

2)  Steel Penstock and Steel liner of tailrace tunnel

» Steel penstock

: 2 lanes to 4 lanes

« Steel liner of tailrace tunnel . 4 lanes
3) Draft Equipment
» Draft tube gate - 4 sets
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4) Tailrace Equipment
» Tailrace trashrack . 6 sets
» Tailrace gate : 2 sets
5) Bottom outlet Equipment of Lower Dam
» Bulkhead gate .1 set
» Auxiliary gate .1 set
e Main gate 1 set
6) Environmental Flow Equipment of Lower Dam
(Irrigation & drinking water supply and environmental flow)
» Auxiliary gate : Each 1 set
* Main gate : Each 1 set
» Steel conduit 1 set
7)  Bottom outlet Equipment of Upper Dam
» Trashrack : 1set
» Stoplog .1 set
* Auxiliary gate 1 set
e Main gate 1 set
»  Steel conduit with environmental flow equipment of upper dam | : 1 set
8.4
8.4.1
1)
CH
)
DPR
8.4.2

25m 55m 160m
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Figure 8.4.2-2

Powerhouse Profile
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8.5

8.5.1

550m

8.5.2

7.0m 10.0m
3,000m3/s

5.5m/s

Figure 8.5.2-1 Tailrace Profile & Section and Outlet Section

8.6
8.6.1

x 13.0mx 12.0m 3
0.86m/s

8.7

DPR DD
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9.1
Detailed Project Report DPR
9.11
146.4m 250MW
Francis type
9.1.2
1) Pt
Pt=9.8x Qtx Htxnt=9.8x 197.0x 146.4x 0.904 = 255,500kW
Pt
Qt 1 =197.0m3/s
Ht =146.4m
nt =90.4%
) Pp

Pp = 9.8x Qpx Hp /mp=9.8x 196.7x 136.2 / 0.921 = 285,000kW

Pp
Qp =196.7m3/s
Hp =136.2m
np =92.1%

PPSP 0.921
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@)

Hs

Lower Reservoir Water Level

Hs = Hb-Hv-opxHp

Hb

Hv 30

op
Hp
Hs

10m Elevation

=0.4m
=0.25 1S12800 Indian standard
186.9m

Hs = 10-0.4-0.25%186.9 = -37.1m

Reservoir
9.1.3
1)
2
0.95

1.9m
35.2m Hs
40m

250MW 187.5mint

0.90
1.0

0.90
0.95

Static Suction Head

0.95

Hs

Lower
5m

9-2



Pg = Ptoverx n g/ Pfg = 280,600 0.98 /0.90 = 306MVA

ng =98%
Pfg =0.90
2)
Pmout=Pp+5 = 285,000x 1.05 = 300MW
Pmc =Pmout/ n mx Pfm =300/ 0.98x 0.95 =321MVA
Pmout
Pmc
Pp = 285,000kw
nm =98%
Pfm =0.95
9.14
@)
x 3
)
330MVA
. 321 MVA
. Tr 1.3MVA
. Tr 7 MVA

SFC Static Frequency Converter

Figure 9.1.7-1 9.1.7-3
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9.15  400kVXLPE

GIS
400kV XLPE
350m
)
Switchyard CEA
XLPE
400 kV XLPE
. 400kV
. 630mm?
. 120 mm
. 90°C
. 1,010A
. 63.7kA 2
. 4dects+ 1
Figure 9.1.7-5

9.1.6 Switchyard Equipment (GIS)

1)
Switchyard 400 kV
9
GIS 400kV
BusTie
CB DS ES
GIS
GIS

Switchyard
DPR
Switchyard
476A 400kV
50KkA 400 kV
630 mm?
1,425kV

Switchyard

GIS 2
4 4 1
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1)
2)
3)
GIS  Purulia

Figure 9.1.7-6  GIS

9.1.7

Detailed Project Report (DPR) CONSIDERATION OF VARIABLE SPEED OPTIONS

)
)
®3)
(4)
()
(6)
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Figure 9.1.7-4 Main Transformer Floor Plan
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9.2 West Bengal

CEA Central Electricity Authority 2016 12 Draft
National Electricity Plan 2016 NEP2016

2003 5
WBSEDCL CEA
2016 3 PV
42,849.38MW PV 6,762.85MW
16%
2022 175GW
PV  100GW 57%
PV
. PV
PV
CEA ramping
WBSEDCL
WBSEDCL PV Table 9.2-1
2017 2018 94MW 2020 387TMW
100GW 0.39%
RPO Renewable Purchase Obligation WBSEDCL
Table 9.2-2
2015 2016 5%, 1149.55MU
1381.77MU
PV 5
0.2% PV  78.49MU 6.8
5.7%
West Bengal
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PV

WBSEDCL
140,000MWh

PV

298,000MWh

2021

RPO

Table 9.2-1 Cogeneration and Renewable Purchase Obligation and achievement by different
licensees under the purview of WBERC For Fy2015-2016

Total Target RPO % Povyer purchased RE(?S purchased RPO % Met during
consum during the year during the year the year
Distribution | . P Solar Total .
SL No. . tion of Non Non
Licensees | - .. |Solar Total Purchase |Purchase |Solar Solar Solar Solar Total Solar
i YIRro% |RPO% |Obligatio |Obligatio
(in MO) n (in MU) |n (in MU) [0 MU) _[inMY) [inMU) [in MU) [n %) |in%)
1|WBSEDCL 22991 0.20% 5.00% 4598 1149.55 78.49| 1303.28 0 0 6.01% 0.34%
2|CESC Ltd 9225 0.20% 5.00% 18.45 461.25 1.27 46 0 0 0.51% 0.01%
3|DPL 1903.74 0.20% 5.00% 3.81 95.19 6.02 0 0 0 0.32% 0.32%
4|IPCL 799.13 0.20% 5.00% 1.6 39.96 0.59 0 0 0 0.07% 0.07%
5/DVC 6409 0.20% 5.00% 12.82 320.45 13.39 0 0 1.5 0.23% 0.21%
(source: WBERC (West Bengal Electricity Regulatory Commission) Home Page)
Table 9.2-2 Renewable Purchase Obligation of WBSEDCL
(source: Information Handed Over By WBSEDCL on Nov.27, 2017)
9.3 1,000MW
9.3.1 DPR
Turga
5
1,000MW
Figure 9.3.1-1 2016-17
West Bengal
900-1,800 10-20% 10% 10%
INR2,800 INR4,850 INR130 INR1,700
INR2,700 3,000
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:
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:
VFal
.

Pl
(%]
8
f
]

ra
g

I}
¥y
[ |

Electricity Price (INR/MWHh)
g

:

2

Min ¢ INR125.51—3
1 721 1441 2161 2881 3601 4321 5041 5761 6481 7201 7921 8641

o

Duration time (Hours)

(source: Compiled by study team based on operational records provided by WBSEDCL, 2018)
Figure 9.3.1-1 Electricity market price records on 2016-17

WBSEDCL Purulia 2016-17
Figure 9.3.1-2 Purulia
Annexure 9-1 9-2

(source: Compiled by study team based on operational records provided by WBSEDCL, 2018)
Figure 9.3.1-2 Operational records of Purulia PSP on 2016-17

3.2 4-5%
1,000MW
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9.3.2

M)

2017 1 19th Electric Power Survey of India (EPS)
Table 9.3.2-1 Figure 9.3.2-1 20
Table 9.3.2-2
Table 9.3.2-1 Demand projection between FY2016 and FY2036
Particulars 2015-16 ) 2016-17 | 2007-18 | 2018-19 | 2019-20 | 2020-21 | 2021-22 | 2022-23 | 2023-24 | 2024-25 | 2025-26 | 2026-27 | 2031-32 | 2036-37

Erergy requirement 1160429 | 1240760 | 1,317,962 | 1399913 | 1483257 | 1666023 | 160594 | 1739618 | 1836001 | 1,939,111 | 2047434 | 2530531 | 3049478
Actual 1,114,408 | 1142929
Erergy consumption 920,837 994,382 | 1066989 | 1144579 | 1222286 | 1300486 | 1380197 | 1463505 | 1561066 | 1644635 | 1743086 | 2192305 | 2672302
Peak snerey demand 161,834 176,897 188,360 200,696 215,244 225,751 234,899 262,288 266,844 282418 298774 370,462 447,702
Actual 153,366 159,542

(source: Compiled by study team based on 19th EPS & Load Generation Balance Report (LGBR) 2017-18, CEA, 2017)

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

Energy {MU)

1,000,000

500,000
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% 700,000
u
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S’
-
&
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Q
5¢ o
300,000
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- 200,000
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(source: Compiled by study team based on 19th EPS & LGBR2017-18, CEA, 2017)

Figure 9.3.2-1 Demand forecast (All India)

Table 9.3.2-2 Compounded annual growth rate (CAGR) of future energy and demand

Particulars For byears | For 10vears | For 1bvears | For 20vears
Energy reguirement f.99% 1 H4% 187K a.14%
Peak. energy demand 780% 2 46% 2.09% 3.33%

(source: Compiled by study team based on 19th EPS & LGBR2017-18, CEA, 2017)
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13th National Electricity Plan (NEP)

Table 9.3.2-3 Table 9.3.2-4
Table 9.3.2-3 Power development plan on 19th NEP (Draft)
(Unit : MW)
Fuel tvps fctual Projected capacity by 19th NEP{Draft)
/F on 20163 | on 20173 | on 20173 |on 2021-22 ¢ Addition | on 2026-27 | Addition
Hydro 42,783 44,478 44,493 h9,823 15,330 71,828 12,000
Coal + Lignite 186,173 192,163 198,488 248513 h0,025 248513 1]
Giaz 24 509 25,329
Diezal 201 238 25,6238 29,953 4,340 29,953 1]
Muclear b, 780 f,780 7280 10,050 2,800 14,850 4,800
Sub total (Conventional) 259,234 259,688 275,804 348,389 72,495 365,184 348,389
Wind 26,777 32,280 30,967 0,000 20,034 100,000 40,000
Solar 6,763 12,259 18,763 100,000 81,237 160,000 h0,000
Bio Mazz 8110 8,295 b445 10,000 4,554 17.000 2000
Small Hydro 4,273 4,380 4,495 b,000 b2 8,000 3.000
Sub total (RES) 45,924 h7.244 o674 175,000 115,327 275,000 100,000
Total 305,163 326,833 335,068 23,3849 187,822 G40,189 443,389
(source: Compiled by study team based on 13th NEP (Draft) & LGBR2017-18, CEA, 2016 & 2017)
Table 9.3.2-4 Load generation balance projection
(Unit : MW)
Particulars on 20173 | on 2021-22 | on 2026-27
Demand 161,834 226701 298704
Inztalled capacity 236,568 h23,389 G40,1249
Conventionhal 275,804 48,389 365,184
RES hO674 175,000 276,000
Ditference 173,734 207,638 341415
Feserve margin 107K 132% 114K
(source: Compiled by study team based on various reports)
50,025MW 2017
2027 27,330MW 4,340MW 7,600MW
39,270MW 136,940MW  30%

89,295MW  65%
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(2) West Bengal

1,000MW

19th EPS

Turga

Table 9.3.2-5

Figure 9.3.2-2

West Bengal

Table 9.3.2-6

20

Table 9.3.2-5 Energy and demand projection during FY2016 and FY2036

Particulars 2015-16 | 2016-17 | 201713 | 2018-19 | 2019-20 | 2020-21 | 2021-22 | 2022-23 | 2023-24 | 2024-25 | 2025-26 | 2026-27 | 2031-32 | 2036-37
Enerey requirement 57342 | 59148 | 61485 | 63979 | Ge634 | 60361  7aopo | ve2es | 763 | 81915 [ 85590 | 10372 | 125708
Aictual 47,350 | 47048
Enerey consumption a4.710 [ 46572 | 4s866 [ 50334 | 539m2 | sGG4s | 59a@3| 62516 65733 |  BO7R [ 72m48 | 89315 [ 109504
Pesk enerey demand 10,383 10817 | 11,267 1724 | 12191 12688 | 13318 15873 | 14435 15,065 15,530 18827 | 22451
Aictual 7905 793

(source: Compiled by study team based on 19th EPS & LGBR2017-18, CEA, 2017)
140,000 40,000
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(source: Compiled by study team based on 19th EPS & LGBR2017-18, CEA, 2017)

Figure 9.3.2-2 Demand forecast (West Bengal state)

Table 9.3.2-6 CAGR on future energy and demand

Particulars For bwears | For 10vears | For 1hvears | For 20vears
Energy reguirement 4.19% 4 .93% b.39% b.96%
Peak. energy demand 444% B10% b 42% h.a2%

(source: Compiled by study team based on 19th EPS & LGBR2017-18, CEA, 2017)
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2016-17

2021-22

2026-

Ramman-111

2026-27
27
4Ax30MW
Table 9.3.2-7

2,500MW

13th NEP Vol.2 Transmission

25%

13th NEP

2,300MW  5,300MW

Central sector

300MW

Table 9.3.2-7 Renewal energy potential and development target in West Bengal state

(Uit M)

Particulars Solar power | Wind power | Small hydo Biomass Total
Potential 6,260 22 396 544 722z
Target on 2027 5.336 8] 8] 0 5386

Table 9.3.2-8

2021-22
2026-27
30%
2027

(source: Compiled by study team based on 13th NEP(Draft), CEA, 2016)

2017 3 31 West Bengal
2021-22
Table 9.3.2-9
2 1
2016-17 10,090MW

35%

7,886MW

LGBR2017-18

Table 9.3.2-8 Load generation balance projection

Particulars on 20173 [ on 2021-22 | on 2026-27
Demand” I 10,236 13,224
Ihetalled capacity 10,0490 15,764 10,378

Corventional 9968 10,378 10,378

FRES 132 h,206 MA
Difference 2154 5,528 A
Reszerve margin 27K b4k MA

*: Compenzate the forecasted demand by the difference between
projected demand and actual demand on 2017.3

(source: Compiled by study team based on various reports)

10,000MW

OH

20%

75%

2022

9-15



Table 9.3.2-9 Maintenance schedule of conventional plants in 2016-17(Eastern Region

—— - P, ol
Senticn / Seem Sesse s ':E‘s;.“:l' StarsDute | EsdDwse |Madsscnance [
Drays
EASTER™N EEGION
] Lo AT AT ] T
& a5 01.04.16 LR 16 178 lmadey 5000 minwce 18,03 12 fior R Mol ok
T (CEA shorws gen. Boess Jan"1 7
- lmader 57D siowee 3208 02 fior BBl wmk
7 a5 41.04.15 009 14 141 o e e
P il F "
3 el 0415 T
3 H 04 16 3
9 1o 01.04.16 3009 16
R 1547
[N 15 3%
% 15 a7
0 16 0%
4 116
% 4 (9165
3 T 216
7 =30 220017 T
w0 3 05,14 17
200815 o
107,18 107
7] T
ET7 200516 %06
ET7 02 04.16 704
ETT] FENCNT] ]
7 ] 20017 T
i FIT =07 AT e
FIT) FETNE 1603517
w0 03 04,16 1704
0 05 1116 FENT
0 13.07.16 1707
50 ZELD 16
+ 80 a5.08. 16 1908 18
x 110 15 0615 T AT
- BOH+00H of Tue +IF Rei. Rep +0H ol HF
s i ERE M L ol sl + ESP-IT1 adddition & E5F-1 solation
130817 FETENE
d5.07.16 I5GT 18
104,15 AT
150017 TN TNE
100 AR 1107 18
4 FIT) 010416 1007 16
% T00 201216 Al
- EJ 1] 21.08. 16 20 0% 18
FIm 2]
] 014
& 1.5 i
4 0 216
% 150 2.16 7.1z
WEFDCL Sameaklih TFS 50 16 507
i i k1] Lls al
WEFDHL £ i TFS iy FNT 17
CESC BUDGE-BUDG 1 11015 1E 7 Anraial Drwerhaiilig
CESC BUDGE-BLUDG T 75 1216 Iz 1% Aurres Creerhanlig
CESC BUDGE-BLUDG T 150017 T TN 15 Aunns Creeshaling
TIIA0ARH ] 50 s | oeriiie 15 ;
CESC TITAGARH 3 &0 [TETNE T INE 4
CESC ] 80 30 1d.18 it 4
CESC : &0 [ENTNTS 17 1%
CESL . 1 [ 031215 % 3
1 EE FATAT FTNTAT T
HEL HALDLA 1 0 [TNENT 1512 16 15 Aurrnsel Cheeshaling © Boder Crerrbsiling
HEL HALDLA 3 0 a10e.17 1507 17 15 Auinne Crershading - By Crerrhasling
- - iy Sy perwios yeas (o gen
DFL DFFS B (311 d1.04.16 I AELT a5 —
DPLDFPPS 7 300 011216 SRR 31 Boiler Overhauline
DPL DPPS s 250 10.01.17 09.02.17 31 Boiler Overhauling
NTPC FSTPS 1 200 27.05.16 10.07.16 55 Bofler~ESF R&MHPIFLPT-Gen
NTPCFSTPS 3 200 06.04 16 2005 16 55 Boiler OH+ESF B
NTPC FSTPS 5 s00 151116 19.12.16 35 Boiler OH+LPT OH+Gen OH+DDCMIS
NTPC KhSTPS 3 210 01.06.16 05.07.16 35 &WJ'DDCB{HM RLA+Boiler Acid
NIPC EnSIPS 2 310 081115 121216 35 Capital+ Gen- DDCDAS
NTPC KnSTPS s s00 01.05.16 30.05.16 30 Boiler+P APE-SE Tumicn Shat Replacement
NIPC EnSIPS 7 500 15.08.16 18.09.16 35 Capial+ Gen.
WTPC Bash € 860 25.08.16 23.00.16 30 Boiler+Cond. Acd CleaaIP-LE crmssaver
pipe metalic gasket rep.
WIPC TSIES z o0 301015 [ERTRT 30 Boiler
NTPC TSTPS 5 =00 250716 13.08.16 35 [Botier=ESP Ramt
WTPC TSTPS & =00 06.06.16 10.07.16 35 [Boilec- R Modification+ ESE BLEL
PP GME 1 350 06.07 16 30.07.16 25 Boiler Overhauti
PP GME. 5 350 06.00.16 30.00.16 35 Boiler Overhauling
TP JIIEL 1 500 16.00.16 28.00.16 13 Enor Overhanling
PP ITTEL 2 200 16.05 16 23.05.16 13 IEinor Overhanting
IPP VEDANTA (S5L) 1 500 1508 16 1500 16 32 Anoual Overhauling
TPP VEDAMNTA (SSL) 2 500 01.07.16 30.07.16 30 omual Overhauking
= . . _ . Mo info. received from MFPL. 5./D shown
PP MEL 2 535 | Mid ang1s | MidSep'ts |30 (approx) [[0 B0 taoeel from AIER ©
PP APNRL 1 370 01.07.16 31.07.16 31 Gen. Overhauting
TPF AFNRL z 370 151016 1aille 31 Gen_Overhavling
(source: LGBR2016-17, CEA, 2016)
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West Bengal

2022
West Bengal
9.3.3
13th NEP (Draft)
33% 2026-27 43%
Table 9.3.3-1
LPG
LNG

4,340MW

Figure 9.3.3-1

Table 9.3.3-1 Likely installed capacity by end of 2026-27

Inctalled capacity Uit Actual on 20173 Projected on 2021-22 | Projected on 2026-27
Total MW 335.568 523,389 640,185
MW 25628 29,968 29 968
Gag T
% re 5.7 47
RES MW 59674 175,000 275,000
% 17.8 334 430
(source: Compiled by study team based on 13th NEP (Draft), CEA, 2016)
75.00 125.00
a
B0 10000 §
=
3
. 95.00 7500 o
* a
o 1
5 2
30.00 5000 O
a
=
=
g
15.00 e /OO o
—=—Average PLF [
—=—Gag required o
—a— A & Hied
tion warage Gas suppli oo
0708 00800 200510 200011 MMLIF  PO1E13 AMAI4 MO141%  POISIE
Fiscal Year

(source: Compiled by study team based on 13th NEP (Draft), CEA, 2016)

Figure 9.3.3-1 Trend of Plant Load Factor (PLF) of Gas based power plants

2021-22
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2,186MW

2017 6 28

CEA

4,786MW

2,600MW 4

Operationalization of existing pump storage plants

63

2 1,080MW

96,524MW

2027

DPR Turga

TENTATIVE LIST OF PUMPED STORAGE SCHEMES
IDENTIFIED FOR BENEFITS DURING COMING PERIOD
- - . LC.
N I = ; 5
S No. | Name of Project State (AIW) Agency Present Statos
) Under Construction
T. X
1 Tehri P55 Uttaralthand 1000 THDC Comm. 2015-19
Eoyna Left . Under Construction
. Bank Maharashtra 50 CaAMWED Comm. 201519
DFE Prepared.
3 Kundah Tamil Naduo 5040 TANGEDCO | Project taken up in
4 stages
4 Turza WestBengal | 1000 | wesEDpcr | DR concurred by
CEA
_ ; . To be taken up
5 Lugupahar Jharkhand 2500 DV ander S&T
IA vet to be sizned
i Malzhej Ghat | Maharazhtra T :_E'_]";H;L with Siate
) Covi DPE prepared
- Name of LC.
b ] = T g
S No. Project State W) Agency Present Statos
. NPCIL . _ T
T Humbarli |Maharashira| 400 &THDC Under Survey & Investigation
4 Warasgaon |Maharashira| 1200 | GoMWED | Under Survey & Investigation
T - . = -
9 | Chikbaldara |Maharashira| 400 |GoMWRD | | Moer Survey & Investigation
10 Sholayar I Eerala 810 (KSEE Yet to be talen np under 5&L
11 Sholayar IT Eerala A0l (KSEE Yet to be talen np nnder 5&I
12 Poringal Kerala 80 |KSEB Yet to be taken up under S&L
KEuthn
13 Sharavathy Karpataka | 450 |EPCL Under Survey & Investigation
14 Varahi Karpataka | T00 |EPCL ST likely to start won
Taotal 10514

(source: Presentation materials of aforementioned meeting held by CEA on 28th June, 2017)

Figure 9.3.3-2 Tentative list of Pumped Storage Schemes
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2016 West Bengal Annexure 9-1

10 1 4 Figure 9.3.3-3
50% 19th EPS Demand supply management DSM
80% West Bengal 60%

(source: Compiled by study team based on operational records provided by WBSEDCL)
Figure 9.3.3-3 Operational record during Dec. 23rd - 29th, 2016

West Bengal 2016 Figure 9.3.3-4

WBSEDCL 2017 6 28 CEA ”Operationalization of existing pump storage plants”
40:60

Eastern Region ~ West Bengal

WBSEDCL
(source: Compiled by study team based on operational records provided by WBSEDCL, 2017)
Figure 9.3.3-4 Actual load duration curve of West Bengal in 2016
West Bengal Figure 9.3.3-5
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Installed capacity in WB

B RES

B Nuclear
0%

B Diese|
0%

B Gas
1%

* Including PSPs in Hydro.

(source: Compiled by study team based on all India installed capacity (in MW)
of power stations (As on 31.01.2018), CEA, 2018)

Figure 9.3.3-5 Installed capacity in West Bengal state (31st Jan., 2018)

West Bengal
West
Bengal
9.34
West Bengal 3.24
West Bengal Turga DPR
Figure 9.3.4-1
TURGS PEIF EVACLIATION PLAM —“
/N |
e ) —i—_
= =
e e e [ S

(source: Detailed Project Report (DPR) of Turga Pumped Storage Power Plant, WBSEDCL, 2016)

Figure 9.3.4-1 Power evacuation system from Turga PSP
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Turga DPR
@) (d)  400kV (0) (c)
13th NEP (Draft) FY2021

(@) Establishment of new 400kV switching substation PPSP(New) near Purulia PSP

(b) Loop-in Loop-out (LILO) of Purulia PSP-Arambagh 400kV D/c line at PPSP(New) S/s

(c) Turga PSP-PPSP(New) 400kV D/c line

(d) Termination of Ranchi(New)-Purulia PSP 400kV D/c line at PPSP(New) 400kV switching substation

N-1 Turga
400kV
13th NEP (Draft) Manual on Transmission Planning
Criteria (CEA, 2013 Jan.) 4-5
3-5
Turga
West Bengal Eastern Region
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POWER MAFP OF EASTERN REGION

(220kV AND ABOVE, EXISTING AND APPROVED)
(UPDATED UPTO MAY 2017)

ol e

G 1 B, R 3
s 7

~ == g . o 1!
\-\_//’_ i e T, |'|_;"?"

(source: CEA homepage, 2018)
Figure 9.3.4-2 Power Map of Eastern Region

9-22



G

B FE

JHARKHAND

POWER MAP OF WEST BENGAL
(EXCL, DVC & CESC 132 KV SYSTEM)
EXISTING, WIP & APPROVED
(AS ON 31/10/2016)

“ ;‘-J vy o
IR
PURLLTA '" P
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[T |
[ |

ra

=T

——
o

.
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Legend

Exinimg  WIF
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Tramped 57
Hyira s
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Al Eesswea®
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9.4

9.4.1

Regulation Ancill

secondary control

ORISSA \

(source: Compiled by study team based on WBSETCL homepage, 2018)
Figure 9.3.4-3 Power Map of West Bengal around Turga PSP site

primary control
RRAS Reserve
ary Service tertiary control
AGC Automatic Generation Control
2017
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Unit Commitment,

Day Ahead Scheduling

Generation
Slow Rescheduling  /
Inertial Tertiary
z Primary Secondary  Fast Tertiary \
2 ' Continuum to
E adequacy, portfolio
é. balancing, market
e Ti
ime
Response <> Inertal Primary Secondary Fast Slow Tertiary Generation Unit Commitment
Attributd Tertiary Rescheduling Market
Time First few Fewsec -5 Js-15 5 -30 min =15 — 60 min = 60 min Hours/ day-ahead
Secs min min
Quantum ~ 10000 ~ 4000 MW ~ 4000 MW | ~1000 MW [ ~ 8000-2000 MW Load Generation Load Generation
MW/Hz Balance Balance
Local / Local Local NLDC/ NLDC NLDC/ RLDC / RLDC/
LDC RLDC SLDC SLDC SLDC
Manual / Auntomatic Automatic Antomatic Manual Manual Manual Manual
Automatic
Centralized / | Decentralize | Decentralized | Centralized | Centralized Centralized/ Decentralized Decentralized
Decentralized d Decentralized
Code / IEGC/CEA | IEGC/CEA Roadmap Ancillary Ancillary IEGC IEGC
Order Standard (?) Standard on Reserves | Regulations Regulations
Paid / Mandated | Mandated Mandated Paid Paid Paid Paid Paid
Regulated / Regulated Regulated Regulated Regulated Regulated / Regulated / Market Regulated / Market
Market Market
Implementation Existing Partly Existing | Yet to start | Yet to start Existing Existing Existing

(source: Report of Expert Group to review and suggest measures for bringing power system operation closer to
National Reference Frequency, CERC, 2017 Nov.)

Figure 9.4.1-1 Schematic of Reserves, Balancing and Frequency Control Continuum in India

West Bengal
15
2013
Expert Group
10,000MW/Hz

6,000MW/Hz

9,000 -
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AVERAGE FREQUENCY PLOT 2004-2017

428

338888558888 EEELEERTEREEEEE
3833533385383 33:83833:3 383838383 38338135¢8
MONTH ==

(source: Report of Expert Group to review and suggest measures for bringing power system operation closer to
National Reference Frequency, CERC, 2017 Nov.)

Figure 9.4.1-2 Average frequency of the Indian grid since 2004

MAXIMUM AND MINIMUM FREQUENCY PATTERNS 2014-2017
5.0 - — : —

50.8
506 g
50.4
50.2 3
50.0

43.8
49.6

HE -=>

49.4
43,2
45.0
488

486 +

45.4

Apr-16

L EE,
POV S N B - 'S
m1r ... .......;............... o

& MAXIUN
«  MNEUW

(source: Report of Expert Group to review and suggest measures for bringing power system operation closer to
National Reference Frequency, CERC, 2017 Nov.)

Figure 9.4.1-3 Variation in maximum and minimum frequency of the Indian grid since 2004

2018 1 1
0.3Hz
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Durstean (Ferartige of teg]
an 30

b4 g B £ 2 g 2 g i 2 i 2

§ 8 & 8 32 £ = 2 A B
[ =aa¥ [ caped [ <2957 [46.7-49.8 [49,5-45.0 [ 49,3-50,0] S5.0-50.0 [501-50.3] 4R00-50.05 [ ABT-503 | aF.57.50.00 | S00ER] TN EENEIT ETH |
0,80 1366 | #2404 | Led WTE | 318 | #97F | 450 | G663 | s | 305 | 1575 | 5328 | azar | 1am | 014 ]

(source: Power System Operation Corporation Limited (POSOCO) HP, 2018)
Figure 9.4.1-4 Frequency profile on Jan. 1st, 2018

AGC
secondary control RRAS Fast tertiary control
ACE : Area Control Error
9.4.2
2021-22 175GW 2026-27 275GW
Figure 9.4.2-1

251,000 ALL INDIA DEMAND V5 NET DEMAND OF A TYPICAL

DAY 5
231,000 & e
Fas o ]l o e 3‘?1__-. 432

3148
' To8 23505 4 JO6 BOMS L8y g opy cagps TAPR.TEL D ey
RILON0  w ORIy oy A58 SO TR e 4 dinoEs L
: i 3 '] L'l AE ] ' L5E Ry ooy o B GECEE e il
Ry et T T
I L I r'id po ey
'E;H AN — e

51.!1‘1’] '\ ,{. o
151,000 s e . {' it

—me=pl | (MDA DEMAND o i
131,000 e E T DEMANE eona

111,000
1 2 3 4 5 § 7 8 9 10 11 12 13 1415 16 17 18 19 20 21 22 73 24
HOURS

(source: 13th NEP (Draft), CEA, 2016)
Figure 9.4.2-1 Forecasted load profile after introducing massive capacity
of renewable energy sources
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2021-22

Figure 9.4.2-2

All India Load duration Curve 2021-22

245,000
135,3-!7
220000 P=——
e é!\
170,000 E
: [l
145,000 '
120,000 ’
i
95,000 i
1
i
70,000

L 0% 10% 20% 30% 40% 50% 60% 006 BO% 90%

All India MNet Lead duration Curve 2021-22
2%, OO

Fraaar

220,000
195,000

170,000

Mw

145,000
120,000

95,000

7,000
0% 10% 20% 30% 40% S0% 0% 70% BO0% 50%

(a) All India load duration curve

(b) All India Net load duration curve
(source: 13th NEP (Draft), CEA, 2016)

Figure 9.4.2-2  All India Expected load duration curve in 2021-22

2021-22 100GW 2026-27 150GW

13th NEP (Draft)

9.4.3

Turga
West Bengal

10
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Turga 4 2

West Bengal

M)

AGC (Secondary control) spinning reserve

Spinning ‘

resemne |

_I_ AGC capacity

Demand

Generator's cap:acity
under operatibn

(-
Dispatched

2 i -

0 At

Time =>

Figure 9.4.3-1 Actual generator dispatch in consideration of regulation and reliability
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spinning reserve

AGC Load Dispatch
Center
2016 West Bengal Figure 9.4.3-2
1
1-2%
AGC
(source: Compiled by study team based on operational records provided by WBSEDCL)
Figure 9.4.3-2 Example of difference in demand profile

1 AGC
2 AGC
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A Almost propotional to

AGC unit number ‘ AGC requirement =
/ current demand x 1-2%
Shortage! /
. | S — 11—
m A
E AGC Unlts AGC Units !
o ; ; ;
Satisfy!
0 at 0 4t
Time [ Time [
Figure 9.4.3-3 Countermeasure No.1
‘ ‘ Pumping load by PSP's
supplied by AGC Units
Net demand curve
; -k it
s & AGC Units :
E AGC Units | :
3 s N
Shortage!
0 At

Time =:>

Time =:>

Figure 9.4.3-4 Countermeasure No.2
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AGC
AGC
AGC

Figure 9.4.3-5

AGC

AGC capacity

‘ /upplied by PSP's
AN
_i P """""""""""""""""""""""""""""""""""""""""""" L
EE\

Demand

AGC Units |

AGC Units

Pumping load
Shortage! for PSP's
supplied by

Base load Units

At

= i
Time => A'::'ime =>

Figure 9.4.3-5 Dispatch plan using Adjustable Speed PSP’s (Countermeasure No.3)

(2) West Bengal

9.4.1

Secondary control
9.4.3 (1)
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CERC “Report on Short-term Power
Market in India, 2015-16" Table9.43-1 -2 -3 -4
INR2.71 - 4.69 INR6.13 (NG)  INR8.05 (LNG)

West Bengal
West
Bengal

Table 9.4.3-1 Tariff of Central Thermal Power Stations, 2015-16 (Coal (Pit head))

| NomeotteGenentng | Casy | S0 | Baew | Lo
MBrekS701al B R Gkl kWh)
I: Coal Based thermal generating Stations of NTPC
A. | Pit head Generating Stations
1 Rihand STPS (St-I) 1000 0.85 1.74 258
2 | Rihand STPS (St-1I) 1000 0.92 1.64 256
3 Rihand STPS (St-I1T) 1000 1.72 1.60 3.32
4 | Singranli STPS 2000 0.52 1.31 1.84
5 | Vindhyachal STPS (St-I) 1260 0.83 1.54 2.37
6 | Vindhyachal STPS (St-IT) 1000 0.81 1.52 233
7 | Vindhyachal STPS (St-1IT) 1000 1.18 1.46 2.64
8 | Vindhyachal STPS (St-IV) 1000 1.70 1.52 3.23
Vindhyachal STPS (S1-V) 500 1.56 1.45 3.01
9 | Korba STPS (St-I & II) 2100 0.59 1.04 1.63
10 | Korba STPS (St-11T) 500 1.53 1.03 2.56
11 Fg;’i‘;g““‘jam SIS 2100 0.58 229 AL
12 }{Euaguudam STPS (St- 500 0.88 2.33 3.21
13 | Talcher TPS 460 1.15 1.38 2.53
14 | Talcher STPS (St-I) 1000 0.79 1.33 213
15 | Talcher STPS (St-11I) 2000 0.76 1.33 2.08
16 | Sipat STPS (St-I) 1980 1.46 1.17 2.64
17 | Sipat STPS (St-11) 1000 1.27 1.19 247
Sub-Total (A) 21400

(source: Report on Short-term Power Market in India : 2015-16, CERC, 2016)
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Table 9.4.3-2 Tariff of Central Thermal Power Stations, 2015-16 (Coal (Non-pit head))

Installed
| T | e, | awee | clu | Tl

March, 2016 (T/kWh) (T/LWh) kWh)
B. | Non-Pit head Generating Stations
18 | FGUTPP TPS (St-I) 420 0.84 2.67 351
19 | FGUTPP (St-II) 420 091 2,65 3.56
20 | FGUTPP (St-IIT) 210 1.51 262 4.13
21 | NCTP Dadri (St-I) 840 1.26 364 4.90
22 | NCTP Dadri (St-II) 980 1.87 342 520
23 | Farrakka STPS (St-1&1I) 1600 0.95 2,65 3.60
24 | Farrakka STPS (St-III) 500 1.97 2.66 4.63
25 | Tanda TPS 440 1.06 282 3.88
26 | Badarpur TPS 705 1.69 4.24 5.94
27 | Kahalgaon STPS (St-I) 840 1.03 235 338
28 | Kahalgaon STPS (St-11) 1500 1.30 221 351
29 | Simhadri (St-I) 1000 1.00 2.46 346
30 | Simhadri (St-1I) 1000 1.59 246 4.06
31 | Mauda STPS (St-I) 1000 7.81 31l 10.93
32 | Barh STPS (St-IT) 1320 229 330 559

Sub-Total (B) 12775

(source: Report on Short-term Power Market in India : 2015-16, CERC, 2016)

Table 9.4.3-3 Tariff of Central Thermal Power Stations, 2015-16 (Natural gas)

Installed

SL | Nameof the Generstng | Capacty | garges | Chargs | Tariti@®
March, 2016 | CEWH) | ®AWR) | kWh)
A: Using Natural Gas(APM) as Fuel
1 | Anta CCGT 419.33 2,15 321 5.36
2 | Auraiva GPS 66336 1.67 3.83 5.49
3 | Dadn CCGT 82078 1.17 353 4.70
4 | Faridabad GPS 431.59 212 3.02 5.14
5 | Gandhar GPS 657.39 4.87 2.89 1.77
6 | Kawas GPS 656.20 3.05 296 6.01
Total APM Gas 3658
B: Using Natural Gas(Non-APM) as Fuel
1 | Gandhar GPS 657.39 4.87 3.28 .16
2 | Kawas Gas 656.20 3.05 3.32 6.38
Total Non-APM Gas 1314

(source: Report on Short-term Power Market in India : 2015-16, CERC, 2016)
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Table 9.4.3-4 Tariff of Central Thermal Power Stations, 2015-16 (LNG)

LoETE Fixed Energy Total
SL Name of the Generating Capacity har h 2Y Tariff 2/
No. Station (MW)ason | Sharges | Charges ariff @
March, 2016 | @KWR) | @KkWh) KWh)
C: Using LNG as Fuel
1 Anta CCGT 41933 2.15 6.04 8.19
2 Auraiva GPS 66336 1.67 1.78 9.44
3 Dadn CCGT 82973 1.17 9.02 10,18
4 | Faridabad GPS 431.59 2.12 1.76 988
5 Gandhar GPS 65739 4.587 9.10 13.97
(i Kawas GPS 656.20 3.05 .00 12.05
Total Naphtha/HSI) J658

(source: Report on Short-term Power Market in India : 2015-16, CERC, 2016)

9.5
9.5.1 DPR
DPR
300MW
150MW Turga
+/-715MW
2  =150MW

9.5.2 Secondary Control
(1) West Bengal

1)

2016 West Bengal

(CAGR) FY2021
Secondary capacity

50%

Table 9.3.2-6

secondary control
1
2 75MWx

Figure 9.5.2-1

(source: Compiled & modified by study team based on operational records provided by WBSEDCL, 2017)

Figure 9.5.2-1 Assumed West Bengal daily load curve on Nadir day in FY2021

9-34



Secondary control
1-5%
PIM?! 1%

AGC

AGC

80MW

Minimum AGC requirement = v((1.44 x P) + (0.01 x P)?) [MW]

Where P is system load [MW]

2)
West Bengal FY2021
12,688MW
Annexure 9-1
3,500MW
DR (Demand Response)
AGC
)
1)
Figure9.4.1-2 -3 -4
AGC
2)
Figure 9.4.2-1
AGC
1 PJM Interconnection L.L.C., 13 DC

PJM  Pennsylvania-New Jersey-Maryland

5,400MW

1-2%
AGC
P=3,500MW
2.3%
70%
Figure 9.4.2-1

13th NEP (Draft)
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133,741MW

AGC 1,400MW 1.1%

9.5.3 Turga

9.5.2 West Bengal

AGC 80MW
1
AGC

954

DPR Table 9.5.4-1

Table 9.5.4-1 Levelized Tariff Comparison of Unit Number of Adjustable Speed PSP
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Annexure 9-1

Operational records of West Bengal state system in FY2016 (Per month)
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Annexure 9-2

Relationship between electricity price and PPSP operation in FY2016 (Per week)
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10

10.1
10.1.1
1,000MW
Detailed Project Report DPR 2015
3
10.1.2
Turga 132kV
West Bengal 220kV DPR
3
2023-24
West Bengal 19  Electric Power Survey(EPS) 13,873MW
10.1.2-1
DPR 2020-21
DPR 20%
Table 10.1.2-1 Peak Demand and its Distribution at 2023-24
Discoms WBSEDCL DvC CESC DPL IPCL Total
Peak Demand(MW) 8,023 2,584 2,573 480 214 13,873
oy
“Manual on Transmission Planning Criteria (Manual)” “Indian

Electricity Grid Code (IEGC)”
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)

Turga 3 1
Manual IEGC
®)
Turga

10.1.3

@)

MVA 70%
2 N-1 90%
N-1-1 90%
400kV 1 1,300MW
)
400kV 220kVv + 5%

400kV + 5% 220kV + 10%

10.1.4
Power Grid
Corporation in India Limited PGCIL
4
3-4 Manual
Turga
@)
Table 10.1.4-1 Turga
1 Table 10.1.4-2
DPR West Bengal
Turga
PPSP (New) - Ranchi (New) 400kV D/c 400kV
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Table 10.1.4-1 Load Flow Calculation Conditions

Case Scenario Generation (MW) | Load (MW) | Export (MW) | PSP’s condition (MW)
Turga Gen/ Non
0-1 Peak 12,189 12,629 -440 .
Purulia Gen/+990
. Turga Pump/Non
0-2 Light 8,076 8,685 -609 ]
Purulia Pump/-1,030
Turga Pump/Non
0-3 Low Hydro 7,793 11,354 -3,561 ]
Purulia Pump/-1,030
Turga Gen/+1,100
1 Peak 13,289 12,629 660 .
Purulia Gen/+990
. Turga Pump/-1,144
2 Light 8,076 9,829 -1,753 .
Purulia Pump/-1,030
Turga Pump/-1,144
3 Low Hydro 7,793 12,498 -4,705 .
Purulia Pump/-1,030

Table 10.1.4-2 Load Flow Analysis Case and Results for Transmission Lines

Case Line outage Violations
0-1 Non (Without Turga PSP) No
0-1b | One circuit of PPSP(New)-Arambagh 400kV D/c No
0-1c | One circuit of Purulia PSP-Bidhan Nagar 400kV D/c No
0-2 Non (Without Turga PSP) No
0-2b | One circuit of PPSP(New)-Ranchi(New) 400kV D/c No
0-2¢ | One circuit of Purulia PSP-PPSP(New) 400kV D/c No
0-3 Non (Without Turga PSP) No
0-3b | One circuit of PPSP(New)-Ranchi(New) 400kV D/c No
0-3c | One circuit of Purulia PSP-PPSP(New) 400kV D/c No
1 Non No
la One circuit of TURGA_PSP-PPSP(New) 400kV D/c No
1b One circuit of PPSP(New)-Arambagh 400kV D/c No
1c One circuit of Purulia PSP-Bidhan Nagar 400kV D/c No
2 Non No
2a One circuit of TURGA_PSP-PPSP(New) 400kV D/c No
2b One circuit of PPSP(New)-Ranchi(New) 400kV D/c Yes
2c One circuit of Purulia PSP-PPSP(New) 400kV D/c No
3 Non No
3a One circuit of TURGA_PSP-PPSP(New) 400kV D/c No
3b One circuit of PPSP(New)-Ranchi(New) 400kV D/c Yes
3c One circuit of Purulia PSP-PPSP(New) 400kV D/c No
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Table 10.1.4-3  Line loading without any Strengthening

400kV D/c Line loading (MVA)

Case PPSP(New)-Ranchi(New) Purulia PSP-PPSP(New) Purulia PSP-Bidhan Nagar | PPSP(New)-Arambagh
0-1 -2x77 2x290 2x216 (278) * 2x300 (374) *
0-2 -2x474 (-659) * -2x443 (-882) * -2x106 2x92
0-3 -2x667 (-927) * -2x521 (-1,036) * 2x89 2x136

1 2x215 (293) * 2x147 (291) * 2x358 (461) * 2x415 (521) *
2 -2x769 (-1,075) * -2x283 (-565) * -2x267 (-344) * -2x171 (-207) *
3 -2x959 (-1,342) * -2x361 (-717)* -2x218 (-277) * -2x147 (-172) *

(note : * under N-1 contingency of respective lines)

case3 Figure 10.1.4-1
TURGA-PSP POWER EVACUATION PLAN low hydro in NER and low self generation of West Bengal
Case-3 Motor mode with average load
EXHIBIT -3 B Ca
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Figure 10.1.4-1 Result of Load Flow Analysis for Case 3
DPR PGCIL
400kV Turga Table

10.1.4-4 Figure 10.1.4-2

PPSP (New)-Raghunathpur 400kV Double circuit line (approx. 60km)
PPSP (New)-Purulia PSP 400kV Double circuit line with Twin HTLC conductor
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Table 10.1.4-4 Line Loading with Proposed Strengthening

Line loading (in MVA)

Case Purulia PSP - PPSP (New) - Ranchi (New) - PPSP (New) -
PPSP(New) Arambagh PPSP (New) Raghunathpur
400kV D/c 400kV D/c 400kV D/c 400kV D/c
B1 Off peak -2x283 (-565) * -2x171 (-207) * | -2x769 (-1,075) * -
B3 Strengthening -2x493 (-979) * -2x123 (-131) * -2x360 (-441) * | -2x793 (-1,236) *

C1 Low Hydro

-2x361 (-717) *

-2x147 (-172) *

-2x959 (-1,342) *

C3 Strengthening

-2x608 (-1,207) *

-2x198 (-232) *

-2x489 (-600) *

-2x924 (-1,438) *

(note : * under N-1 contingency of respective lines, strengthen: PPSP(New)-Raghunathpur 400kV D/c)

TURGA-PSP POWER EVACUATION PLAN low hiydiro in MER and low self ganeration of West Bengal
Case-6 Motor mode with average load (Strengthening)
EXHIBIT-5(b3) with Raghunathpur- PPSP-New Dic (Q) line . -
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Figure 10.1.4-2 Result of Load Flow Analysis for Case C3(Strengthening)

Turga

10.1.4-3

Turga

Turga

2023-24

2026-27
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)

Turga

West Bengal

Table 10.1.4-5

Turga

Table 10.1.4-5 Three Phase and Single Line to Ground Short Circuit Current near Turga PSP Site

Sl Name of S/s Peak Load Off Peak Load Low Hydro Gen
No. | (design short circuit level) < 3-phase(A) L-G(A) 3-phase(A) | L-G(A) | 3-phase(A) | L-G(A)
Without Strengthening
1 | BIDHAN NGR (40kA) 400 26,344 19,839 24,327 18,206 24,180 18,097
2 | ARAMBAGH (40kA) 400 23,965 16,968 21,923 15,487 21,666 15,285
3 PPSP_NEW (50kA) 400 28,178 27,661 19,197 12,075 19,132 12,041
4 PURULIA_PSP (50kA) 400 27,847 27,339 18,963 11,919 18,899 11,886
5 | TURGA_PSP (63kA) 400 24,771 24,809 16,861 10,486 16,811 10,461
6 RANCHI_NEW(63kA) 400 58,337 41,518 55,602 39,400 55,485 39,345
7 RAGHUNATHPUR(50KA) 400 32,022 29,387 31,759 29,225 31,735 29,211
With Strengthening (Peak Load with PPSP(New) — Raghunathpur T/L)

Sl Peak Load Off Peak Load Low Hydro Gen
Name of S/s kv
No. 3-phase(A) L-G(A) 3-phase(A) | L-G(A) | 3-phase(A) | L-G(A)
1 BIDHAN NGR (40kA) 400 26,855 20,051 25,410 18,908 25,270 18,806
2 | ARAMBAG (40kA) 400 24,426 17,145 22,853 16,063 22,600 15,865
3 | PPSP_NEW (50kA) 400 40,954 37,570 31,832 21,009 31,739 20,966
4 PURULIA_PSP (50kA) 400 39,731 36,372 30,868 20,283 30,780 20,243
5 | TURGA_PSP (63kA) 400 33,379 31,156 25,886 16,630 25,825 16,603
6 | RANCHI_NEW(63kA) 400 58,361 41,526 56,071 39,960 55,964 39,912
7 RAGHUNATHPUR (50kA) 400 43,657 38,362 39,989 35,131 39,912 35,087
DPR
DPR
PGCIL  West Bengal
DPR Jamshedpur
PGCIL PPSP(New)-Jamshedpur 400kV D/c
Turga 2026-27
Turga
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@)
Manual Turga Purulia
3
2
N-1
N-1 400kV 2
3 100ms 3
N-1-1
2 2
3 2 100ms
3
Figure 10.1.4-3 6
Table 10.1.4-6 case DAl
Turga Figure 10.1.4-4

Bidhan Nagar 400

Purulia
PSP 400

Arambagh 400 |

Legend

% : Fault point

= : 400k¥Y D/c line

Ranchi 400

Jharkhand . West Bengal

Figure 10.1.4-3 Fault Points in Dynamic Stability Study
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Table 10.1.4-6 Dynamic Stability Study Cases and Each Result

Case | Scenario | Fault type Fault situation Stability
3 phase fault close to PPSP(New) bus in one circuit of
DA1 N-1 ] ] Stable
PPSP(New)-Ranchi(New) 400kV D/c line
3 phase fault close to Purulia PSP bus in one circuit of
DA2 N-1 . . . Stable
Purulia PSP-Bidhan Nagar 400kV D/c line
3 phase fault close to PPSP(New) bus in one circuit of
DA3 N-1 . Stable
PPSP(New)-Arambagh 400kV D/c line
3 phase fault close to PPSP(New) bus in both circuits of
DA4 N-1-1 . _ Stable
PPSP(New)-Ranchi(New) 400kV D/c line
3 phase fault close to TPSP bus in one circuit of
DA5 Peak N-1 ) Stable
TPSP-PPSP(New) 400kV D/c line
3 phase fault close to PPSP(New) bus in one circuit of
DA6 N-1 ) Stable
PPSP(New)-Raghunathpur 400kV D/c line
3 phase fault close to TPSP bus in both circuits of
DA7 N-1-1 . Stable
TPSP-PPSP(New) 400kV D/c line
3 phase fault close to Purulia PSP bus in both circuit of
DAS N-1-1 ) . . Stable
Purulia PSP-Bidhan Nagar 400kV D/c line
3 phase fault close to TPSP bus followed by tripping of all
DA9 N-1 ) Stable
four units of TPSP
3 phase fault close to PPSP(New) bus in one circuit of
DB1 N-1 ) i Stable
PPSP(New)-Ranchi(New) 400kV D/c line
3 phase fault close to Purulia PSP bus in one circuit of
DB2 N-1 i . ) Stable
Purulia PSP-Bidhan Nagar 400kV D/c line
3 phase fault close to PPSP(New) bus in one circuit of
DB3 N-1 . Stable
PPSP(New)-Arambagh 400kV D/c line
. 3 phase fault close to PPSP(New) bus in both circuits of
DB4 | Light N-1-1 ] ] Stable
PPSP(New)-Ranchi(New) 400kV D/c line
3 phase fault close to TPSP bus in one circuit of
DB5 N-1 . Stable
TPSP-PPSP(New) 400kV D/c line
3 phase fault close to PPSP(New) bus in one circuit of
DB6 N-1 . Stable
PPSP(New)-Raghunathpur 400kV D/c line
3 phase fault close to TPSP bus in both circuits of
DB7 N-1-1 . Stable
TPSP-PPSP(New) 400kV D/c line
3 phase fault close to PPSP(New) bus in one circuit of
DC1 N-1 ) ) Stable
L PPSP(New)-Ranchi(New) 400kV D/c line
ow
3 phase fault close to Purulia PSP bus in one circuit of
DC2 | Hydro N-1 ) ) ) Stable
Purulia PSP-Bidhan Nagar 400kV D/c line
DC3 N-1 3 phase fault close to PPSP(New) bus in one circuit of Stable
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Case | Scenario | Fault type Fault situation Stability

PPSP(New)-Arambagh 400kV D/c line

3 phase fault close to PPSP(New) bus in both circuits of
DC4 N-1-1 ] ] Stable
PPSP(New)-Ranchi(New) 400kV D/c line

3 phase fault close to TPSP bus in one circuit of
DC5 N-1 . Stable
TPSP-PPSP(New) 400kV D/c line

3 phase fault close to Purulia PSP bus in one circuit of
DC6 N-1 . . Stable
Purulia PSP-PPSP(New) 400kV D/c line

3 phase fault close to PPSP(New) bus in one circuit of
DC7 N-1 ) Stable
PPSP(New)- Raghunathpur 400kV D/c line

3 phase fault close to TPSP bus in both circuits of
DC8 N-1-1 ) Stable
TPSP-PPSP(New) 400kV D/c line

Ranchi(New) PPSP(New) Purulia PSP Bidhan Nagar

Arambagh Raghunathpur Turga PSP 400kV Turga PSP Purulia
PSP Peak Kolaghat Raghunathpur Light Low Hydro
DPR
Turga 2026-27
Turga
Turga
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Figure 10.1.4-4 Result of Dynamic Stability Analysis for Case DA1 (Machine Angle)

10.2
10.2.1
(1)

Turga PSP 4 x 250MW 250MW 291MW
285MW 0.98
1164MW 4 x 291MW

)

CEA 2013 1 IS 802

- ACSR 75
- ACSR 85
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CEA ACSR Table 10.2.1-1
Table 10.2.1-1 Transmission Capacity for Each Conductor Type
at Continuous Condition at Emergency Condition
(Ambient Temp.=45degC, (Ambient Temp.=45degC,
Max.Conductor Temp.=75degC) Max.Conductor Temp.=85degC)
Conductor Type M:::I:c Diameter Transmision Capacity Transmision Capacity
) (Power Factor is condsidered as 0.8) ) (Power Factor is condsidered as 0.8)
Ampacity Ampacity
x1 X2 X3 x4 x1 X2 X3 x4
conductor|conductors|conductors|conductors conductor|conductors|conductors|conductors
(Single) | (Twin) | (Triple) | (Quad.) (Single) | (Twin) | (Triple) | (Quad.)
[sq.mm] | [mm] [Al [MW] | [MW] | [MW] | [MW] [Al [MW] | [MW] | [MW] | [MW]
ACSR Zebra 484.000 28.62 560 310 620 930 1240 703 390 780 1170 1560
ACSR Moose 597.00] 31.77 631 350 700 1050 1400 798 442 884 1326 1768
ACSR Snowbird 552.23|  30.57] 630 349 698 1047 1396 795 441 882 1323 1764
ACSR Bersimils 724.69|  35.04 732 406 812 1218 1624 933 517 1034 1551 2068
ACSR Lapwing 863.47|  38.22 773 428 856 1284 1712 992 550 1100 1650 2200
I:I: > Required Tranmission Capacity (1164[MW])
1164MW
4 ACSR Moose
- WBSEDCL 400kV
ACSR Moose Prulia PSP ACSR Moose
10.2.2
oy
Turga PSP switchyard Figure 10.2.2-1
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Figure 10.2.2-1 Conceptual Plan of Transmission Line from Switchyard to New Sub Station

- 350m 450m

)
Figure 10.2.2-1
10.2.3
Turga PSP Table 10.2.3-1

Table 10.2.3-1 Estimated Cost of the Transmission Line and Bay Work
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10.3

10.3.1
1)
400kV GIS GIS 400kV
GIS
GIS GIS
2
New PPSP Gas Substation 2
2 2 4
2
165m 50m General Layout
Plan
(2) GIS
400kV 2 GIS
400kV 9 26 26
GIS 4 4 1
9
Switchyard Plan GIS
GIS SF6 SF6
@)
SF6
- 420kV
- 2,000A
- 50kA
- 50Hz
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- —t-CO-t"-CO (t=0.3sec, t’=60sec)

- CO-t"-CO (t"=15sec)

- 1,425kV
(4)
400kV
- 420kV
- 2,000A
- 50Hz
- (2sec) 50kA
- 100kA
- 1,425kV
©)
- 1 2,000A
- 2 1A
- 50Hz
- 1,425kV
. 3P
. 1.0
(6)
- 1 400kVH 3

400kV
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- 2 110V 3

- 50Hz
- 1,425kV
. 3P
. 1.0
(7) XLPE
400kV XLPE
GIS
2 476A CEA
630mm?
XLPE
- 400kV
- 630mm?
- 120mm
- 90°C (2sec)
- 1,425kV
- 4 - 1
10.3.2
@)
400kV

- 390kV
- 50Hz
- 10kA

350m
50kA
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Table 10.3.2-1

(kV) (A)
0 0
540 0.001
845 10,000
910 15,000
980 20,000
1,080 40,000
GIS
)
GIS
IEEE80-2000
IEEE
@)
TPSP 230km
4

The National Environment (Noise Standard and Control)
Regulations, 2003
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Table 10.3.2-2

(A )
6:00am - 10:00pm 10:00pm — 6:00am
A. , , , 45 35
50 35
55 45
60 50
E. 70 60
(source: The National Environment (Noise Standard and Control) Regulations, 2003)
Table 10.3.2-3
dB
(dB) 1
A )
140 100
130 1,000
120 10,000
(source: The National Environment (Noise Standard and Control) Regulations, 2003)
(®)
CO;
(6)
GIS

XLPE
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TPSP

10.3.3

M)

3km

@)
400kV

®)
XLPE

DPR

TPSP

New PPSP GIS Substation
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WBSEDCL
Detailed Project Report DPR
EIA
2016 ! EIA Ministry of
Environment, Forestry and Climate Chang MoEFCC Environmental Clearance
Forest Clearance 1
WBSEDCL JICA
EIA JICA
2010 JICA
111
87.1ha 49.0ha
250MWx 4
1.7km
300 ha 292 ha
2 7.82 ha ROW 292 ha 234 ha
58 ha 34 ha WBSEDCL 24 ha
WBSEDCL 24 ha
146.589 ha
! EIA 1 2
3 4 4 JICA
https://www.jica.go.jp/english/our_work/social_environmental/id/asia/south/category a b_fi.html 2018 8
2 146.589 ha 16.332 ha 16.332 ha
18.60 ha 21.97 ha 18.60 ha
42.401 ha 8.537 ha 13.37 ha 20

111


https://www.jica.go.jp/english/our_work/social_environmental/id/asia/south/category_a_b_fi.html%EF%BC%882018

11.2

11.2.1
1)
Purulia
. Table 11.2.1-1 Land Use Condition of the
Ajodhya
Survey Area
Land use Area (ha) Rate (%)
Residence/ Waterbody 223 0.73
EIA Grassland 13,189 31.13
Agricultural land 12,325 29.09
Table  Bare land 10,839 25.58
_ Shrub 5,708 13.47
11211 Total 42,367 100.00
3 (source: DPR and EIA Report)
25.58 %
13.47 % EIA 1,000 1,200
ha
11 3 4 6
9 10 1300 mm
70
EIA
600 m
16 25
39 86
International Union for Conservation of Nature and Natural Resources [UCN
Near Threatened NT Least Concern
LC
EIA DPR
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1)
Subarnarekha River
Turga Nala
8.29 km?
1.17 km?
Figure 11.2.1-1
2)
Alfisols 10 15 m
Inceptisols
3)
4)
Figure 11.2.1-2
35)

Figure 11.2.1-3

(urce: DPR Survey Team, April 2014)
Figure 11.2.1-1 General View of Proposed

Upper Dam Area

r :ey a ,ri, "

Figure 11.2.1-2 General View of Proposed
Outlet Area

EIA
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(ource: DP Survey Team, April, 2014)
Figure 11.2.1-3 General View of The Existing Irrigation Dam and Surroundings

EIA 4
pH pH 8
EIA 60 1958 2012
6)
7)
8)
320 m?3
25 400 md
200 md
10
Annex 11-1
186,000 m? DPR 2
133,700 m2 20 200 md
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EIA DPR 16 25
Common species
IUCN 2012
Rhesus Macaque Macaca mulatta LC Common Langur
Bengal Hanuman Langur Semnopithecus entellus LC Jungle Cat Felis
chaus LC Indian Wolf  Canis lupus pallipes LC Red Fox
Vulpes vulpes LC Golden Jackal Canis aureus Linnaeus LC
Striped Hyena Hyaena hyaena NT Sloth Bear Melursus ursinus VU
Chital  Axisaxis LC Barking Deer Muntiacus LC
Chinkara Gazella bennettii LC Wild Boar Sus scrofa LC
Grey Mongoose Herpestes edwardsii LC Brush-tailed
Porcupine Atherurus africanus LC Indian Hare Lepus nigricollis LC
Sciuridae LC Indian Hare Funambulus palmarum LC
Giant Flying Squirrel Petaurista petaurista LC
Yellow House Bat/Lesser Asiatic

yellow bat  Scotophilus kuhlii LC Horseshoe Bat Rhinolophus rouxi
rouxi LC Short-nosed Fruit Bat Cynopterus sphinx sphinx LC
4 6
DPR Dhole Cuon alpinus EN Asian elephant  Elephas
maximus EN Sloth Bear Melursus ursinus VU 3
IUCN Geographic Range 3
3 Figure 11.2.1-4

Figure 11.2.1-6

3 http://www.iucnredlist.org/ 2017 9
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Figure 11.2.1-4 Geographical Distribution of Dhole
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Figure 11.2.1-5 Geographical Distribution of Asian Elephant
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Figure 11.2.1-6 Geographical Distribution of Sloth Bear
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Anatidae
Ardeidae Charadridae
Rallidae Phalacrocoracidae
Picidae

Strigidae
Common Sandpiper Actitis hypoleucos LC

Green Sandpiper Tringa ochropus LC

Little Cormorant Phalacrocorax niger LC (source: EIA Report)
Indian Golden Oriole Oriolus Figure 11.2.1-7 Alexandrine

kundoo LC Red-breasted Flycatcher Parakeet (Psittacula eupatria)
Ficedula parva LC Grey-backed Shrike
Lanius tephronotus LC Grey
Francolin Francolinus pondicerianus LC Coppersmith Barbet Megalaima
haemacephala LC Alexandrine Parakeet Psittacula eupatria LC Figure
11.2.1-7 Greater Coucal Centropus sinensis LC Black Drongo
Dicrurus macrocercus LC Rufous Treepie Dendrocitta vagabunda LC

Blue-winged leafbird Chloropsis cochinchinensis NT

Brahminy starling Sturnus pagodarum LC Smoky warbler Phylloscopus
fuligiventer LC Jungle Babbler Turdoides striatus LC
IUCN
2)
EIA DPR

7 17

Barilius bendelisis Chela cachius

Puntius
Nemacheilus spp Labeo rohita (source: EIA Report)
L. calbasu Catla catla Figure 11.2.1-8 Puntius (Puntigrus
Cirrhinus mrigala Anabas sp.)
testudineus Badis badis
Puntius spp
Figure 11.2.1-8 IUCN LC
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10 18 o P S
(source: EIA Report)
Figure 11.2.1-9 Oriental Garden Lizard
(Calotes versicolor)
3 Duttaphrynusmelanostictus Laloulapulchera Hoplobatrachustigerinus
Geomydidae
Monitor Lizard
Hemidactylissp Calotessp Figure
11.2.1-9 IUCN
LC
4)
Gerris gibbifer Nephila
pilipes
24 38 (source: E Rpot)
32 EIA Figure 11.2.1-10 Common
Grass Yellow
(Eurema hecabe)
Pachliopta aristolochiae Papilio
polytes Eurema hecabe Figure 11.2.1-10 Eurema brigitta
Jamides bochus Jamides celeno
Parantica aglea Europoea core Kaniska
canace Ypthima sacra Neptis hylas
3)
Bellamya
bengalensis Pheritima posthuma EIA
DPR IUCN LC
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11.2.2

@)

Development Block Baghmund

Purulia Purulia District Baghmundi Community

Figure 11.2.2-1

KALOUWETHES

41% S b M BN

Purulia Baghmundi

293 13 6

468 km2 317 km2
Table 11.2.2-1

Table 11.2.2-1 Basic Information of Purulia
District and Baghmundi C.D. Block

(source: Population Census 2011)

Figure 11.2.2-1 Purulia District

Baghmundi

Unit Purulia Baghmundi
District C.D. Block

Total area km2 6,259.00 427.95
Total population Np‘lr?f 2,930,115 135,579
Total number of villages No 2,667 142
D_|ste_mce from state capital to Km 320
district center (approx.)
Distance from district center Km } 50
to CD Block center (approx.)

(source: Population Census 2011)

Figure 11.2.2-2 Teliabhasa
Ranga Hathinada Baghmundi Gosaidi Patardi Barria Kudna 8 4
4 “mouza” mouza
plot Land & Land Reforms Department Revenue Inspectors’ Office
plot plot
village mouza  “revenue village”
Gram Sabha Ward mouza
Panchayat Panchayat Gram Panchayat

Panchayat Samiti

Purulia District
Baghmundi C.D. Block 8

Panchayat Samiti
Baghmundi Gram Panchayat

10

Baghmundi Gram Panchayat
Gram Sabha Ward 15 BGP

11.2.2
census village

Gram Panchayat
Panchayat Samiti 20 Baghmundi

Gram Panchayat
Ajodhya Gram Panchayat

mouza
village mouza  census village
revenue village =mouza 29 1 2
census village 17

plot

11.6.3 2011

village
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(note: Names of the eight villages where the project facilities are planned are highlight in red color.)
Figure 11.2.2-2 Baghmundi C.D. Block and the Project Planned Villages

(2)
Table 11.2.2-2
Teliabhasa Ranga Hathinada
Scheduled Tribes: STs  ° Gosaidi 7
Baghmundi Patardi Barria Kudna
Scheduled Castes: SCs
Table 11.2.2-2 Demographic Data of the Project Planned Villages
Village Total Total Total Population SCs out of Total Population | STs out of Total Population
Name Area (ha) HH Total Male Female | Total Male | Female | Total Male | Female
1 | Telia Bhasa 406.71 78 367 191 176 0 0 0 367 191 176
2 Ranga 270.74 145 726 367 359 8 4 4 714 361 353
3 | Hathinada 394.57 145 724 351 373 0 0 0 719 346 373
4 | Baghmundi | 1,109.25 817 | 4035 | 2095 | 1,940 576 294 282 513 260 253
5| Gosaidi 34.40 39 183 24 89 5 2 3 134 66 68
6 Patardi 105.22 326 | 1,609 863 746 199 89 110 17 10 7
7 Barria 1,708.59 837 | 3982 | 2046 | 1,936 599 301 298 738 376 362
8 Kudna 961.13 219 | 1,137 570 567 18 10 8 330 164 166

(source: Population Census 2011)

(note: Ranga village is comprised of two constituent villages: Ranga and Bare Lohar, and Baghmundi village is comprised of
two constituent villages: Baghmundi and Tarpania.)

Constitution of India

342

366
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8 Ranga 376 221 Patardi 67.5
924 54.5 Ranga 162 85.4 Patardi 639
20.3 Ranga 59 58.7  Baghmundi
981

Table 11.2.2-3 Literacy Rates of the Project Planned Villages

Village Population over 7 years The literate out of population over 7 years
Namge (Number of person) Number of person Percentage
Total Male Female Total Male Female Total Male Female
1 | Telia Bhasa 298 153 145 152 102 50 51.0% 66.7% 34.5%
2 Ranga 588 297 291 221 162 59 37.6% 54.5% 20.3%
3 Hathinada 597 288 309 264 165 99 44.2% 57.3% 32.0%
4 | Baghmundi 3,474 1,804 1,670 2,340 1,359 981 67.4% 75.3% 58.7%
5 Gosaidi 148 73 75 87 53 34 58.8% 72.6% 45.3%
6 Patardi 1,369 748 621 924 639 285 67.5% 85.4% 45.9%
7 Barria 3,300 1,690 1,610 1,933 1,234 699 58.6% 73.0% 43.4%
8 Kudna 936 467 469 558 345 213 59.6% 73.9% 45.4%
(source: Population Census 2011)
Baghmundi
Gosaidi  Patardi
Table 11.2.2-4 Education Facilities in the Project Planned Villages
. Senior
. Pre-primary 8 8 Secondary School for
Village School Primary School Middle School School Secondary Disabled
Name School
Govt. Pvt. Govt. Pvt. Govt. Pvt. Govt. Pvt. Govt. Pvt. Govt. Pvt.
1 | Telia Bhasa 1 1 1 1 1 NA NA NA NA NA NA NA
2 Ranga 1 NA 1 NA 1 NA 1 NA NA NA NA NA
3 | Hathinada 2 NA 2 NA NA NA NA NA NA NA NA NA
4 | Baghmundi 3 1 3 NA 3] NA 3 NA 3] NA 1 NA
5 Gosaidi NA NA NA NA NA NA NA NA NA NA NA NA
6 Patardi 1 NA 1 NA NA NA 1 NA NA NA NA NA
7 Barria 2 1 2 NA 1 NA NA NA NA NA NA NA
8 Kudna 1 NA 1 NA NA NA NA NA NA NA NA NA
(source: Population Census 2011)
(4)
Hathinada Barria Kudna 50.9% 739 97.0
Telia Bhasa  Gosaidi 9
Table 11.2.2-5 Working Status of the Project Planned Villages
Total Ratio out Breakdown (Number) Breakdown (percentage)
VNiIIage Number of (;)fut;;tg(lm Cultivat Agricultural | Household oth Cultivat Agricultural | Household oth
GllE Worker P p(%) ultivator laborer Industries ers ultivator laborer Industries ers
1 | Telia Bhasa 211 57.5% 5 9 0 197 2.4% 4.3% 0.0% 93.4%
2 Ranga 210 28.9% 83 0 2 125 39.5% 0.0% 1.0% 59.5%
3 | Hathinada 171 23.6% 6 81 1 83 3.5% 47.4% 0.6% 48.5%
4 | Baghmundi 1,400 34.7% 111 571 24 694 7.9% 40.8% 1.7% 49.6%
5 Gosaidi 77 42.1% 1 2 0 74 1.3% 2.6% 0.0% 96.1%
6 Patardi 620 38.5% 65 205 1 351 10.2% 33.1% 0.2% 56.6%
7 Barria 1,349 33.9% 139 858 8 344 10.3% 63.6% 0.6% 25.5%
8 Kudna 498 43.8% 5 478 1 14 1.0% 96.0% 0.2% 2.8%
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(source: Population Census 2011)
(note: “Others” include all government servants, municipal employees, teachers, factory workers, plantation workers, those
engaged in trade, commerce, business, transport, banking, mining, construction, political or social work, priests, etc.)

©)
2011 1 12 19
Baghmundi
Table 11.2.2-6  Status of Power Supply in the Project Planned Villages
For Domestic Use For Agriculture Use For Commercial Use
Village Name Status Summer |  Winter Status Summer |  Winter Status Summer |  Winter
Yes/NA | hrs/day hrs/day Yes/NA | hrs/day hrs/day Yes/NA | hrs/day hrs/day
1| Telia Bhasa Yes 18 19 NA 0 0 NA 0 0
2 Ranga Yes 15 16 NA 0 0 NA 0 0
3 Hathinada Yes 16 17 NA 0 0 NA 0 0
4 Baghmundi Yes 12 12 NA 0 0 Yes 10 11
5 Gosaidi Yes 15 13 NA 0 0 NA 0 0
6 Patardi Yes 16 13 NA 0 0 Yes 10 11
7 Barria Yes 13 14 NA 0 0 NA 0 0
8 Kudna Yes 15 15 NA 0 0 NA 0 0
(source: Population Census 2011)
(note: Summer is defined from April to September, and winter from October to March.)
(6)
Baghmundi
8 5
Baghmundi Gosaidi Patardi Barria Kudna
3 Teliabhasa Ranga Hathinada 2011
Table 11.2.2-7  Availability of Information and Communication Means
in the Project Planned Villages
Internet
Village Commuqity Public Publ.ic Daily ) Sub Post Priva.te Telephone Publiq Call Mobile Cafes /
Name  [Somnen| Loray | Foado | Newsper | FoxOffee | o | Coner | Gandiney | e | Pore | Gomnon
Centre
1 | Telia Bhasa Yes NA Yes NA NA NA NA NA NA NA NA
2 Ranga Yes NA NA NA NA Yes NA NA NA NA NA
3 | Hathinada Yes NA NA NA NA NA NA NA NA NA NA
4 | Baghmundi Yes Yes Yes Yes Yes NA Yes Yes Yes Yes Yes
5 Gosaidi Yes NA Yes NA NA Yes NA Yes NA Yes NA
6 Patardi Yes NA Yes Yes NA Yes NA Yes NA Yes NA
7 Barria Yes NA NA Yes Yes Yes NA Yes Yes Yes NA
8 Kudna NA NA Yes Yes NA NA NA NA NA Yes NA
(source: Population Census 2011)
()
Baghmundi Teliabhasa
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Table 11.2.2-8  Availability of Transportation Means in the Project Planned Villages

. . ) _ Cy_cle—pulled Cy_cle-pulled Carts
Publlc_Bus anate_ Bus Ra|lv_vay A_utolMod| Taxi VAT Tractors Rickshaws Rlckshgws Driven by
Service Service Station fied Autos (m_anual (me}chme AT
driven) driven)
1 | Telia Bhasa NA NA NA NA NA NA NA NA NA NA
2 Ranga NA NA NA NA NA NA NA NA NA Yes
3 | Hathinada NA NA NA NA NA NA NA Yes NA Yes
4 | Baghmundi NA Yes NA Yes NA Yes Yes Yes NA Yes
5 Gosaidi NA NA NA NA NA NA NA NA NA Yes
6 Patardi NA NA NA NA NA NA Yes NA NA Yes
7 Barria NA NA NA NA NA NA NA NA NA Yes
8 Kudna NA NA NA NA NA NA NA NA NA Yes
(source: Population Census 2011)
€))
2011 Baghmundi  Barria
Hathinada
Table 11.2.2-9 Status of Drinking Water in the Project Planned Villages
Tal
Tap Water Wat%r Covered s Hand ke ; River / UL
(Treated) (Un- Well covered Pump Wells / Spring Canal Pond /
treated) Well Borehole Lake
1 | Telia Bhasa NA NA NA Yes Yes NA NA NA Yes
2 Ranga NA NA NA Yes Yes NA NA NA NA
3 | Hathinada NA NA NA NA NA NA NA NA NA
4 | Baghmundi Yes NA Yes Yes Yes NA NA Yes Yes
5 Gosaidi NA NA Yes NA Yes NA NA Yes Yes
6 Patardi NA NA Yes Yes Yes NA NA Yes Yes
7 Barria Yes NA Yes Yes Yes NA NA Yes Yes
8 Kudna NA NA NA Yes Yes NA NA NA NA

(source: Population Census 2011)

Gosaidi

2011

Table 11.2.2-10 Net Sown Area and Agricultural Commodities in the Project Planned Villages

(Unit: ha)
Net area sown Agricultural commodities
Village . Un-
Name Total Irr;gr;:;ed irrigated First Second Third
area
1 | Telia Bhasa 305.97 35.59 270.38 Paddy Maize Tomato
2 Ranga 86.56 15.59 70.97 Paddy Maize N/A
3 | Hathinada 104.33 3.22 101.11 Maize Paddy Tomato
4 | Baghmundi 843.15 84.55 758.6 Paddy Vegetable N/A
5 Gosaidi 19.6 19.6 0 Paddy N/A N/A
6 Patardi 92.56 42.36 50.2 Paddy Wheat Tomato
7 Barria 608.41 146.54 461.87 Paddy Maize Wheat
8 Kudna 111.69 20.64 91.05 Paddy Tomato Brinjal

6

Engineering Department

(source: Population Census 2011)

Department of Irrigation and Waterways

Public Health
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2011 Ranga  Baghmundi
Table 11.2.2-11 Sanitation Status in the Project Planned Villages
Drainage Community
Open Pucca Drainage Community | W&St® disposal
. . system after
Village Name Closed Toilet house to
Uncovered | OPen Kuccha Complex s
Drainage "
collection
1 Telia Bhasa NA NA NA NA NA
2 Ranga NA NA Yes NA NA
3 Hathinada NA NA NA NA NA
4 Baghmundi NA Yes NA NA NA
5 Gosaidi NA NA NA NA NA
6 Patardi NA NA NA NA NA
7 Barria NA NA NA NA NA
8 Kudna NA NA NA NA NA
(source: Population Census 2011)
9)
Baghmundi Patardi Barria Baghmundi
3 2011
Table 11.2.2-12 Health Facilities in the Project Planned Villages
Community | Primary Primary Matgmli(tjy& Allopathic Hospital Mobile Family
Health Health Health Welf TB Clinic pa Alternative | Dispensary Health Welfare
Centre Center Sub-Center elfare el Medicine Clinic Center
Center
1 | Telia Bhasa NA NA NA NA NA NA NA NA NA NA
2 Ranga NA NA NA NA NA NA NA NA NA NA
3 | Hathinada NA NA NA NA NA NA NA NA NA NA
4 | Baghmundi NA NA 1 NA NA NA NA 3 NA NA
5 Gosaidi NA NA NA NA NA NA NA NA NA NA
6 Patardi NA NA 1 NA NA NA NA NA NA NA
7 Barria NA NA NA NA NA NA NA NA NA
8 Kudna NA NA NA NA NA NA NA NA NA NA
(source: Population Census 2011)
(notes: TB means tuberculosis. Allopathic hospital is where the medical practice
treating diseases by folk remedies different from those by treatment.)
11.3
Act
Rules Notification
Guideline
29 7

Constitution of India

246

3
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West Bengal Judicial Academy HP’
The Bengal Survey Act, 1875 1875 9 23
The West Bengal Right to Public Services Rule, 2013 2013

10 7 173
11.31

1)

MoEFCC

HP®
2017 9
7 MoEFCC Environmental Wing®  Wildlife Wing*°
28
15

7 http://www.whja.nic.in/pages/display/148-west-bengal-state-laws 2017 12

8 http://www.moef.nic.in/about-ministry/about-ministry 2017 12

9 http://www.moef.nic.in/about-ministry/chartl-environment-wing 2018 3

10 http://www.moef.nic.in/about-ministry/chart2-forests-and-wildlife-wing 2018 3
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MoEFCC

Pollution Control Board CPCB
Control of Pollution Air
Society of Integrated Coastal

Management Environmental
Wing
MoEFCC
CPCB
Ministry of Power Ministry of
Housing and Urban Affairs
HP™ CPCB
1974 The Water
Prevention and Control of Pollution Act

1981
The Air Prevention and Control of Pollution

Central w

Industrial Pollution Control Division
Urban Pollution Control Division

—| Waste Management Division

Member

Secretary —| Air Quality Management Division

H Water Quality Management Division

—| Laboratories

H PCPD, PR?, Grievances & ETU® Div.

Head H IT Division

Office H Law Division

—| Material Division

—| Building Division

—| Quick Response Team

 Accounts

H Hindi Division

H Library Division

L Administration

Lucknow Kolkata Vadodara

Regional
Directorate

Bengaluru
Agra (Project Office)

Bhopal Shillong

Note 1) PCP: Pollution Control Planning
2) PR: Public Relation
3) ETU: Environmental Training Unit

(source: JICA Study Team)
Figure 11.3.1-1 Organization Chart of CPCB

Act 1986 Environment
Protection Act State Pollution Control
Board SPCB
(2)

JICA 2011 12 WBSEDCL
1) West Bengal Forest Department

2017 4 19 13

Principal Chief Conservator of Forests, Head of Forest Force 78
Purulia

Kangsabati Chief Conservator of Forests, South-West

1 http://cpcb.nic.in/Functions.php 2018 3
12 http://libopac.jica.go.jp/images/report/12040226.pdf 2017

12

13 http://www.westbengalforest.gov.in/left_forest_organisation.php 2018 3
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West Bengal Pollution Control Board

1974

National Green Corps NGC 14

2)

1981
3}

Bengal
4)

Government of West Bengal

1.
5)
1987

6) NGO
HP> 2018 3

14

15 https://fcraonline.in/ 2018 3

Department of Information & Cultural Affairs, Government of West

Film 4

Panchayats and Rural Development Department,

West Bengal Public Health Engineering Department

Foreign Contribution Regulation Act, 2010
NGO 2,842
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NGO

http://www2.ngoportal.org/

11.3.1-1

3,000 NGO portal
NGOs India https://west-bengal.ngosindia.com/ web
Purulia NGO Table

Table 11.3.1-1 List of NGOs operating in Purulia District

Organization name
Address

Centre for Environmental & Socio Economic Regeneration, Purulia
Dulmi Down, Chaibasa Road, P.O.: Dulmi-Nadiha, Dist. - Purulia, West Bengal, PIN - 723102

Contact Phone: +91-3252-224383/ Fax: +91-3252-224558/ Email: cesrpurulia@yahoo.co.in
Registered year 1993
Key issues Socio-economic development of tribal and economically backward communities

Bygone/ongoing

Supplementary education program for children in Purulia
Adolescent and juvenescent intervention program
Girl child education

activities Mobile Health Unit program in Purulia by Save the Children
Diffusion of the internet access (Internet SAATHI Program)
Website http://cesrindia.org/

Organization name Hensla Haraparbati Club, Purulia

Address Hensla, Arsha, Purulia, West Bengal, PIN: 723154

Contact Phone: +91-3252-202578/ Mob: +91-95479-68383/ Email: puruliashgsrijanalaya@yahoo.com
Registered year 2008

Key issues Health, Education, Livelihood, Community development, Civil society supports
Bygone/ongoing N/A

activities

Website N/A

Organization name
Address

Hensla Saroj Mukherjee Smriti Sangha, Purulia
Hensla, Dhabani Radha Mohan Pur, Purulia, West Bengal, PIN: 723129

Contact Phone: N/A/ Email: friendilip@gmail.com

Registered year N/A

Key issues Helping and motivating villagers to get better side of life.
Bygone/ongoing N/A

activities

Website http://west-bengal.ngosindia.com/hensla-haraparbati-club-purulia

Organization name
Address

Manbazar Rishi Arabinda Gram Bikash Kendra, Purulia
Manbazar Dist, Purulia, Pin: 723131

Contact Phone: +91-6542-220106/ Moh: +91-97351 12371/ Email: secretarymragbk@indiatimes.com
Registered year N/A

Key issues Education, Health, Rural development, Child development, Women empowerment, Disability
Bygone/ongoing N/A

activities

Website N/A

Organization name Mandra Lions Club, Purulia

Address Sarada Pally, Baghmundi, Purulia, West Bengal, India, Pin: 723152

Contact Phone: +91-9434033145/ Mob: +91 3252-250381/ Email: mlconline@rediffmail.com
Registered year 2003

Key issues Education, Health, Rural development, Child development, Women empowerment, Disability

Bygone/ongoing

Child rights & education program at Balarampore Block of Purulia District
Livelihood and food security program
Hygiene and health in the Balarampur Block of Purulia District

activities
Nutrition and public health program in Purulia, Maldah, Birbhum, Murshidabad, North
Dinajpur and South Dinajpur

Website http://www.mandralionsclub.net/index.php

Organization name
Address

Mandir Bazar Young Fighters Club, South 24 Parganas
Swagate Lodge, P.K.Raj, Kashipu, Purulia, Pin: 723132

Contact

Phone: + 91-94334 32847/ Mob: + 91-94334 32847/ Email: nabodayafoundation@gmail.com

Registered year

N/A
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Key issues Women and child development, SHG, awareness generation, rural development.
Education development in West Bengal Sate
Health development in rural and urban areas

Bygone/ongoing

activities
Rural development
Website http://myfcindia.in
Address Swagate Lodge, P.K.Raj, Kashipu, Purulia, Pin: 723132
Contact Phone: + 91-94334 32847/ Mob: + 91-94334 32847/ Email: nabodayafoundation@gmail.com
Registered year N/A
Key issues Women and child development, self-help group (SHG), awareness generation, rural development.

Education development in West Bengal Sate

Bygone/ongoing Health development in rural and urban areas

activities
Rural development
Website http://www.navodayafoundation.in/
Address Hoochokpara, Purulia, Pin: 723101
Contact Phone: + 91-3252-224364/ Email: ndspost@gmail.com
Registered year 1992
Key issues Gender equality, Protect environment, Ensure food security, Child rights, Promote justice and peace
Lift irrigation program
HIV/AIDS program (Target intervention for 400 commercial sex workers (CSWS5s))
Water Campaign
Bygone/ongoing Organic farming and vermi compost
activities Reproductive health activities
Youth development activates
Women empowerment program
Safe drinking water and sanitation programs, and so on
Website N/A
Organization name Payel Training Institute, Purulia
Address Santuri, Purulia, Pin: 723101 Pin: 723101
Contact Phone: + 91- 94342 56185/ Mob: +919433002282/ Email: goutam_patra_purulia@yahoo.co.in
Registered year N/A
Key issues To help people to help themselves
Bygone/ongoing N/A
activities
Website N/A
Address J.K. College Road, Purulia, Pin: 723101
Contact Phone: + 91- 99326 01811 / Email: ndspost@gmail.com
Registered year 1992
Key issues To serve the needy for their education. To work for the welfare of the poor. To provide vocational
training for self-employment. To run schools and health centers.
Bygone/ongoing N/A
activities
Website N/A
Organization name Purulia Disha Foundation
Address J.K. College Road, Purulia, Pin: 723101
Contact Phone: + 91- 99326 01811 / Email: disha_foundation@yahoo.co.in
Registered year 1992
Key issues Education, Cultural activities, Old age home, Training to SHGs
Bygone/ongoing Women's economic empowerment
activities Awareness programs of child's health includes physical, mental and social well-being
Website https://www.dishafoundationkolkata.com/
Organization name Purulia Manabi Sangathan
Address Leena Basu Basundhara Deshbandhu Road bi-Lane Purulia, Pin: 723101
Contact Phone: + 91- 3252-203517/ Mob: +91-99323 94145/ Email: leenabasundhara@rediffmail.com
Registered year 2009
Key issues Training to SHGs, Education, Cultural activities
Bygone/ongoing N/A
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activities

Website

N/A

Organization name
Address

Resource Implementation Development & Allotropic Youjana Society, Purulia
AISECT Computer, Purulia, Pin: 723101

Contact Phone: + 91- 3252-223894/ Email: shineacademy.prl@gmail.com
Registered year 2007

Key issues Rural development under poverty line

Bygone/ongoing N/A

activities

Website N/A

Organization name SOPAN, Purulia

Address Doctor Danga, Purulia, Pin: 723101

Contact Phone: + 91-94341 76406/ Email: pkprl@yahoo.co.in
Registered year 2007

Key issues Rural, urban slum development

Bygone/ongoing N/A

activities

Website N/A

Address Namo Para, Jhalda, Purulia, Pin: 723101

Contact Phone: + 91- 9564179900/ Email: puruliauttaran@gmail.com
Registered year 2015

Key issues Improve income generating activity including rural poor & women through technical assistance
Bygone/ongoing N/A

activities

Website http://www.puruliauttaran.org.in/

non-profit organization

(source: JICA Study Team)

NGO

NGO

NPO volunteer organization VO

World Wildlife Fund WWF

Nature Environment and Wildlife Society http://naturewildlife.org/
Wildlife Association HP

11.3.2

M)

Sunderban
Purulia
NGO
Raiganj Environmental &
Purulia

Table 11.3.2-1
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Table 11.3.2-1 Indian Federal Statutes regarding Environmental Protection

Name of Legislation

The Environment Protection Act 1986

Basic Statutes The Environment Protection Rules 1986

Environment Impact Assessment Notification 1994

The Air (Prevention and Control of Pollution) Act 1981

Air Quality The Air (Prevent!on and Control of Pollut!on) Rulgs . 1982

The Air (Prevention and Control of Pollution) (Union Territories) Rules 1983

Revised National Ambient Air Quality Standards, Notification 2009

The Water (Prevention and Control of Pollution) Act 1974

Water Quality The Water (Prevention and Control of Pollution) Rules 1975

The Water (Prevention and Control of Pollution) Cess Act 1977

The Water (Prevention and Control of Pollution) Cess Rules 1978

Noise & Vibration The Noise Pollution (Regulation and Control) Rules 2000

Public Liability Insurance Act 1991

Public Liability Insurance Rules 1991

Environmental The National Environment Tribunal Act 1995

Tribunals The National Environment Appelate Authority Act 1997

The National Environment Appellate Authority(Appeal) Rules 1997

The National Green Tribunal Act 2010

The Indian Forest Act 1927

Forest The Forest (Conservation) Act 1980

Conservation The Forest (Conservation) Rules 2003

The National Forest Policy 1988

The Wild Life (Protection) Act 1972

The Wild Life (Transactions and Taxidermy) Rules 1973

The Wild Life (Protection) Licensing (Additional Matters for Consideration) Rules 1983

Recognition of Zoo Rules 1992

Wildlife The wild life (Protection) Rules 1995

Conservation The wild life (Specified Plants — Conditions for possession by Licensee) Rules 1995

National Zoo Policy 1998

The Wild Life (Protection) Amendment Act 2002

The Declaration of Wild Life Stock Rules 2003

The National Board for Wild Life Rules 2003

Di\?;?;?t%/lcal Biological Diversity Act 2002

Wastes The ngardoqs Wastes (management and handlin.g) Rules 1989

Managements The Bio-medical Waste (Management and Handling) Rules 1989

The Municipal and Solid Wastes (Management and Handling) Rules 2000

The Manufacture, Storage, and Import of Hazardous Chemical Rules 1989

The Ozone Depleting Substances (Regulation and Control) Rules 2000

Chemical The Rules for the Manufacture, Use, Import, Export and Storage of Hazardous 1989
Manufactures/ Micro-organisms/Genetically Engineered Organisms or Cells

Byproducts The chemical Accidents (Emergency Planning, Preparedness and Response) Rules 1996

Managements The Recycled Plastics Manufacture and Usage Rules 1999

The Plastics Manufacture, Sale and Usage Rules 1999

The Batteries (Management and Handling) Rules 2001

(source: JICA Study Team)

The Environment Protection Act

Environment Protection Rules 1986

Environment
Impact Assessment Notification 1994 EIA
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)

173
The West Bengal Wild Life Preservation Act,
1959 1
2 3 4
5 6 7
®)
1) EIA
EIA
Table 11.3.2-1 EIA
MoEFCC 2006 9 5 3 2009
EIA 39
EIA
A B
Forest (Conservation) Act
EIA
a) EIA Schedule 39
b) a 39
Schedule
c) a 39
A Environmental Appraisal
Committee EAC MoEFCC
B
State Environment Impact Assessment Authority SEIAA
SEIAA State level Expert Appraisal Committee SEAC
SEIAA SEAC B
A
2) EIA

Figure 11.3.2-1
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Selection of Project Site and Preparation of Application by the Project Proponent ‘

Category A Category B
Submission of TOR to MOEFCC ‘ ’ Submission of TOR to SEIAA ‘
v v
Examination of the Application by EAC ‘ ’ Examination of the Application by SEAC ‘
v v
Issuance of TOR by MoEFCC ‘ ’ Issuance of TOR by MoEFCC by SEAC ‘
v v

Preparation of Specification for EIA implementation ‘

l i

Implementation of EIA and Draft EIA report by the Project Proponent ‘

v v

Holding a public hearing by SPCB and District Administration and
obtaining responses from stakeholders

v v

Revise of the Draft EIA report and EMP by the Project Proponent ‘

Category A Category B
Submission of EIA Report to MoEFCC ‘ ’ Submission of EIA Report to SEIAA ‘
v v
Appraisal of the EIA Report by EAC ‘ ’ Appraisal of the EIA Report by SEAC ‘
f f
Request for review Request for review
t ‘ * ‘
Notification of EC approval to MOEFCC Notification of EC approval to SEIAA
¥ ¥

Obtainment of EC

(source: WBSEDCL based on Environment Impact Assessment Notification (1994))

Figure 11.3.2-1 Flow of Obtaining Environmental Clearance

MoEFCC B SEIAA

a) EIA

Appendixl
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- Environmental Sensitivity

- EIA TOR
b) F/S Schedule 8
C) Schedule 8 EIA Appendix I
i)
MoEFCC SEIAA
a) d 4
a)
B SEAC
EIA EIA B1
EIA B2 A
b)
EAC SEAC A EAC B1
SEAC
EIA TOR
TOR MoEFCC SEIAA
EIA Item 8 B EIA
c)
SPCB Union Territory Pollution Control
Committee UTPCC
EIA
EIA MoEFCC SEIAA EIA
d)

EAC SEAC EIA

11-24



MoEFCC SEIAA

3y EIA
EIA
- EIA
- EIA
4)
A Bl i)
ii) iii)
iv) V) B2
vi)
SPCB UTPCC EIA
EIA
8 MoEFCC SEIAA SPCB UTPCC
EIA
EIA
EIA
(4)
WBSEDCL
EIA SIA EMP
EIA 2016 6 MoEFCC

Figure 11.3.2-2 FC
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Documents required while submitting application

Short narrative of the project

Map showing required forest land, boundary of adjoining forests (1:50,000)
Cost of project

Justification for locating the project in forest area

Cost — benefit analysis (not applicable upto 20 ha in plains and 5 ha in hills)
Employment likely to be generated

Purpose-wise breakup of total land required

Details of displacement of people

Requirement of Environmental Clearance

Undertaking to bear the costs of Compensatory Afforestation

Details of land and DGPS map of the area under diversion and of the areas
identified for CA

FRA certificate from district administration for the diverted forest land

¥

First stage clearance

In-principle approval
Conditions specified
@ Deposit Net Present Value of Forest (4.38 to 10.43 lakhs/ha)
@ Deposit Money for Compensatory Afforestation
@ Plant at least double the no. of trees felled
@ Submit Plan for afforestation
@ Provide land for land (not in centrally sponsored projects)
No activity allowed until final clearance accorded
State can stipulate additional conditions
CA land to be muted in favor of FD and DM to declare as protected forest

Deposit money for CA and CAT

Documents required for final clearance
(Responsibility of the State Government)

Proof of depositing amount for Compensatory Afforestation

Proof of depositing amount for Net Present Value

Proof of depositing amount for meeting other conditions - roadside plantations,
compensation for damage / dismantling of assets, etc.

Strip chart for roadside plantations

Undertakings for compliance on other generic and specific conditions

(source: JICA Study Team based on an interview to WBSEDCL in March 2018)
Figure 11.3.2-2  Acquisition Flow of Forest Clearance

Forest Act (1927) Forest Conservation Act

Reserved Forest Protected Forest

(Protection) Act
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2 2
MoEFCC
MoEFCC
Figure 11.3.2-2
Forest (Conservation) Act (1980)
11.3.3
JI

5 ha

1 2018 4
4 2
2
JICA
CA

5 ha
40 ha

40 ha

Compensatory Afforestation

Chief Secretary

Table 11.3.3-1

Table 11.3.3-1 Comparison between JICA Guidelines and EIA Notification

for Turga

PSP EIA Report

JICA Guidelines for Environmental

Environment Impact

Gap between JICA Guidelines

Content and Social Considerations 2010 Assessment Notification 2006 | and Indian legislations /Action
and its Amendment in 2012 to be taken
Introduction N/A N/A No gap.
Executive Concisely discusses significant | APPENDIX Il A: The No gap.
Summary findings and recommended actions. | Summary EIA shall be a
summary of the full EIA report
condensed to ten A-4
size pages at the maximum. It
should necessarily cover in
brief the following Chapters of
the full EIA report.
Legal framework | Confirms that projects do not|SCHEDULE: List of Projects | A few gaps:
on environmental | deviate significantly from the | or Activities Requiring Prior |- Indian legal provisions
and social World Bank’s Safeguard Policies | Environmental Clearance regarding environmental
considerations and refers as a benchmark to the conservation, e.g.  Forest
standards of international financial Conservation  Act  (1980),

organizations.

Supreme Court Order (1996),
National Environment Policy
(2006), etc., should be
explained.

- - The EIA guidelines and

standards  in  global
treaties, international
organizations and/or

international
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Content

JICA Guidelines for Environmental
and Social Considerations 2010

Environment Impact
Assessment Notification 2006
and its Amendment in 2012

Gap between JICA Guidelines
and Indian legislations /Action
to be taken

development partners
should be referred.

Environmental

Predicts and assesses the project’s

- Paragraph 7

A few gaps:

Impacts likely positive and negative impacts | - APPENDIX IlI: Generic - The process leading up to
in quantitative terms, to the extent | Structure of Environmental the scoping and background
possible. It identifies mitigation | Impact Assessment of EIA item selection needs
measures and any negative | Document -
environmental impacts that cannot | 4 Anticipated Environmental to be explained. s
be  mitigated and  explores | Impacts & Mitigation | The degree of _upcertalnty in
opportunities  for environmental | Measures EIA and additional future
enhancement. It identifies and environmental impact caused
estimates the extent and quality of by such uncertainty needs to
available data, essential data gaps be mentioned.
and uncertainties associated with _ Some
predictions, and it specifies topics - I/social
that do not require further attention. fenvwonn?enta socia

information can be added
based on the final
scoping drafts and results
of the supplemental
survey.

Analysis of Systematically compares feasible | - Paragraph 7 Ill. Stage (3) - | A few gaps:

Alternatives alternatives to the proposed project | Public Consultation (vii) - "Zero-Option"  (without
site, technology, design, and|- APPENDIX Ill: Generic | project) needs to be examined.
operation including "Zero-Option" | Structure of Environmental | - - The degree of
(without project) situation in terms | Impact Assessment environmental impact of
of the following: the potential | Document each alternative plan
enV|_ro'n'mentaI |'njpa(_:ts; the| 5 Analysis of' Alternatives needs to be assessed in a
feasibility of mitigating these | (Technology & Site) .
impacts; their capital and recurrent quantitative manner.
costs; their suitability under local
conditions; and their institutional,
training, and monitoring
requirements. For each of the
alternatives, it quantifies the
environmental impacts to the extent
possible, and attaches economic
values where feasible. It also states
the basis for selecting the proposed
project  design and  offers
justification ~ for  recommended
emission levels and approaches to
pollution prevention and abatement.

Mitigation Identifies mitigation measures and | - APPENDIX 1Il: Generic | No gap.

Measures any negative environmental impacts | Structure of Environmental
that cannot be mitigated and| Impact Assessment
explores opportunities for | Document
environmental enhancement. 5 Analysis of Alternatives

(Technology & Site)

Environmental
Management Plan

Describes mitigation, monitoring,
and institutional measures to be
taken during construction and
operation to eliminate adverse
impacts, offset them, or reduce
them to acceptable levels.

- Paragraph 10. Environment
Management Plan

No gap. However, In the case
of monitoring items are added
or changed based on
supplementary findings, it is
necessary to deal with the plan

Budget, financial
sources and
implementation
arrangements

Appropriate follow-up plans and
systems, such as monitoring plans
and environmental management
plans, must be prepared; the costs
of implementing such plans and
systems, and the financial methods
to fund such costs, must be

- APPENDIX IlI: Generic
Structure of Environmental
Impact Assessment Document

6 Environmental Monitoring
Program

No gap. However, in the case
of mitigation measures and/or
monitoring items are added or
changed based on
supplementary findings, it is
necessary to modify the cost.
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JICA Guidelines for Environmental

Environment Impact

Gap between JICA Guidelines

Content and Social Considerations 2010 Assessment Notification 2006 | and Indian legislations /Action
and its Amendment in 2012 to be taken
determined. Plans for projects with
particularly large potential adverse
impacts must be accompanied by
detailed environmental
management plans.
Public Consultation | In preparing  EIA  reports, | - Paragraph 7 I1l. Stage (3) - A few gaps:

with Stakeholder

consultations with  stakeholders,

Public Consultation (vii)

- Another stakeholder meeting

Meeting such as residents, must take place | - APPENDIX IV needs to be conducted at the
after s_uf'ficient information has | Procedure for Conduct of preparation stage of scoping
been disclosed. Records of such | public Hearing

. drafts.
consultations must be prepared.
Information Discloses the results of such|-APPENDIX IV No gap.

Disclosure categorization on its | Procedure for Conduct of
website—including the name of | Public Hearing
each project and its country, | 2.0 The Process
location, project outline, category,
and its reason—before making the
decision to undertake preparatory
surveys.

(source: JICA Study Team)
114
WBSEB 16 1979
Purulia Turga Kathlajal Bandhu
4 Purulia
Turga 2
1141
Table 11.4.1-1
Table 11.4.1-1 Anticipated Impacts when the Project is not Implemented
Item Positive Impact Negative Impact
Electric Acceleration of shifting to new It will become impossible to meet the peak power
Demand, paradigm aiming for energy during power demand peak hours, which makes it
Stable Electric saving society (such as users’ difficult to supply electricity in a stable manner not only
Supply awareness raising on energy in West Bengal State but the eastern area of the country

saving, further development of
energy-saving products) due to
the shortage of peak load
electricity sources, occurrence
of fluctuation of power voltage
and frequency.

If this project is not implemented, there are possibilities
of construction of power plants/power generation
facilities to cope with peak power hours in other
regions. Alternative power sources, such as gas turbines
using natural gas “fossil fuel power plants”, are
assumed. However, there is no natural gas supply in the
eastern area of the country, so that it is more likely that
coal with more carbons will be used as the fuel. In
addition, since the ancillary service functions that can
respond to rapid change in voltage and frequency are
insufficient, the probability of this reducing the quality

16

2007 4

WBSETCL WBSEDCL
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Item

Positive Impact

Negative Impact

of the stable supply of power is high.

The electricity sources that absorb and supplement the
output fluctuation when renewable energy generation
facilities such as solar power are built into the network
near future. However, there is no alternative energy
source at large-scale except pumped storage power
generation. It will take considerable time for batteries to
become alternative sources.

Environment

alteration
No impacts on habitat of fauna
and flora

Environmental No impacts on the water If this project is not implemented, no negative impacts
Pollution quality of surrounding area of are predicted. However,if a “fossil fuel power plant” is
the upper and lower reservoirs constructed, environmental load on the air quality will

be increased considerably.
Natural No inundation and no land If this project is not implemented, no negative impacts

are predicted. However, if a “fossil fuel power plant” is
constructed, land alteration for construction of new
alternative thermal power plant sites and negative
impacts for habitat of fauna/flora are to be concerned.

Social
Environment

No land alteration will occur.
No temporary use of private
land  will occur during
construction period
Small-scalle fishing activities
at the existing irrigation
reservoir will be kept as they
are

There will be no contribution to increase local
engagement.

There will be no improvement in local infrastructure
(such as access road for construction works which will
be developed by expanding the existing roads and
constructing new permanent roads), or their
development will delay, their scale and quality may be
lower.

There will be no improvement in social infrastructure
(such as clinic, education, communication and
distribution networks) along with population increase
during the construction period as many as 4,000 people,
or their development will delay.

Others No change to the level of If this project is not implemented, negative impacts
discharged greenhouse gases caused by greenhouse gases (CO2) will not be
(CO2). anticipated. However, if a “fossil fuel power plant” is
constructed, the level of discharged greenhouse gases

will be increased.
(source: JICA Study Team)

11.4.2
DPR
)

1,000MW

5 14.2MCM

(Table 11.4.2-1)
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Table 11.4.2-1 Results of Alternative Examination for Lower Reservoir Dam Axis

Alternatives Location Results of Examination Results of Environmental and Social | Selection
Examination

Option#l Same dam Granitic gneiss is found in the present | <Advantages> Selected
axis with the dam axis. Bedrodck is surfaced on the Dam crest lengh will be minimum,
existing right bank ridge, so that both ridges can be which will minimize the volume of
irrigation used. Dam crest lengh can be therefore land alteration (deforestation area
reservoir minimized. will be minimized). The
will be used The volume of land alteration will be the environmental impact will be most

least so that deforestation area will be minimized among three options.
minimized most. <Disadvantages>

Surface sediments are thin (5 to 10m in Elevation of present ridge height
general). The left bank ridge is low which will require further exploration of
needs elevation. earth and stones.

Option#2 Upstream of The narrow terrain will not allow reservoir | <Advantages> Not
the existing volume sufficient (14.2MCM). Not particularly selected
irrigation Surface sediments are thin (5 to 10m in | <Disadvantages>
reservoir general). The left bank ridge is low which Elevation of present ridge height

needs elevation. will require further exploration of
earth and stones.

Option#3 Downstream Lower end of the dam liner will affect | <Advantages> Not
of the private land. Not particularly selected
existing Dam crest will be long. <Disadvantages>
irrigation Surface sediments are thin (5 to 10m in Elevation of present ridge height
reservoir general). The left bank ridge is low which will require further exploration of

needs elevation. earth and stones.
Dam crest lengh will be longer than
the other two options, which will
increase the volume of land
alteration (deforestation area will
increase).  The  environmental
adverse impact will be the most
serious among three options.
Permanent private land acquisition
will be required for the dam
construction. Adverse social
impacts such as involuntary
permanent resettlement and losses
of livelihood means may occur.
(source: JICA Study Team)
)
T e v L e el
ALTERNATE- EDF PFRANIS [ = =il { L
yw=1z (option#1) [~ M7 k1 1 -
) \ b e e 1 .
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ALTERMATE- WAPCOS PFR AXIS: g
LKz (option#2) ' i
S S N r
r."_" A= - o
ALTERMATE- FINAL DPR AXIS > :
LH=T (option#3) o
r¥ T & -' :
T %
.‘}\_\.\
(source: DPR)
Figure 11.4.2-1 Alternatives for Upper Reservoir
10 15m Location
3 Figure 11.4.2-1 Table 11.4.2-2
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Table 11.4.2-2 Results of Alternative Examination for Upper Reservoir Dam Axis

Alternatives Location Results of Examination Results of Environmental and Social Selection
Examination
Option#1 Upstream The length of waterway will be the | <Advantages> Not
longest, which will affect total cost. Not particularly selected
<Disadvantages>
The length of waterway will be the
longest, which will increase the
volume of land alteration so that the
adverse environmental impact will
be big.

Option#2 Midstream It was estimated that dam height would | <Advantages> Not
become 85m and inundation area would Not particularly selected
be as large as 120ha when alternatives | <Disadvantages>
were examined. Large inundation area and high dam
The inundation area is bigger and the dam height will increaes the vlume of
height is higher than the option#3. land alteration, so that the adverse

environmental impact will be big.

Option#3 Downstream Talus deposits or colluvium deposits | <Advantages> Selected
cover granitic gneiss and geological The length of dam creast and
conditions are stable and hard. Foundation waterways will be minimized. The
excavation will not be large amount. Fault volume of land alteration for dam
is not found. Bedrock is hard and its construction  will be therefore
permiability is low so that there found no reduced.
problem in water cut-off. There is no Disposal amount of soil will be
Karst related formation  (limestone reduced, so that the volume of land
deposits) or weak layer. alteration  for  developing the
The length of dam crest will be reduced as disposal sites will be reduced.
the ridge is posted. The impacts on the river alignment,

It was estimated that dam height would so that adverse impacts on the
become 79m and inundation area would environment as well as water use
be as large as 87ha when alternatives were will be minimized.
examined. <Disadvantages>
The length of waterway will be Not particularly
minimized.
(The impacts on the river alignment will
be minimize by avoiding the swamp of
tributary at the left bank of dam axis, and
shifting the left bank part to downstream
by 50 to 60 m.)
(source: JICA Study Team)
®)
E-W
N-S
2 Figure 11.4.2-2
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Option#3

Option#2 (selected)

Option#1

(source: DPR)

Outlet and Underground Powerhouse

Waterways,

2 Alternatives for the Intake,

Figure 11.4.2

(4)

)
/

)

e

)

LA el

<2m

(®)

(source: DPR)

Figure 11.4.2-3 Switchyard Plan

Purulia
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Table 11.5.1-1 Results of Scoping Draft (Turga PSP and Related Facilities)

Item

Impact

Rating

Pre-/Construc
tion Phase
Operation

Phase

Results

Air Quality

w
o

Construction phase: Dust will be generated in the land preparation and other
construction work, but the impact will remain temporary. Generation of air
pollutants (SOx, NOx, etc.) could be expected from the operation of heavy
machinery and trucks, but the impact will stay within the surrounding area.
Operation phase: SOx, NOx, PM/dust will not be generated by the operation of
the power plant.

Water Quality

Construction phase: Water turbidity will be caused by the excavation work, but
the impact will be temporary. There might be impacts caused by the concrete
wastewater and oil-containing wastewater if not controlled.

Operation phase: Possibility of water turbidity through the adverse impact on
aquatic life caused by elevation difference of two dam sites will be predicted.

Soil Quality

Construction phase: Soil pollution will possibly be caused by leakage of
lubricants and fuel oil from construction vehicles and machinery.

Operation phase: There is no specific negative impact anticipated as no case of
soil pollution has been confirmed in the operation of the existing power plant
facilities in Purulia and with the limited number of personnel at work there.

Pollution Controll

Sediment

Construction phase: Sediment pollution would possibly be caused if construction
wastewater flows into the lower dam.

Operation phase: Adverse impacts on aquatic life could not be caused by elevation
difference of two dam sites.

Noise and vibration

Construction phase: Noise and vibration could be caused by the operation of
heavy machinery and trucks, but will be limited to the surrounding area.

Operation phase: Noise and vibration will not be experienced on the surface as the
power plant will be constructed underground.

Offensive odors

Construction phase: Offensive odors from rotten waste may occur in the case that
domestic waste from the workers’ camp is not appropriately treated, but this would
be very local.

Operation phase: There is no occurrence of odor from domestic waste anticipated
as the number of personnel at work in the power plant facilities is limited.
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Item

Impact

Rating

Pre-/Construc
tion Phase

Operation
Phase

Results

Waste

@
d

@
d

Construction phase: General, industrial and hazardous wastes would be generated
during the construction work.
Operation phase: General (domestic) waste wastes would not be generated.

Subsidence

No impact is anticipated because geological structure of the site is stabil and the
projest will not pump up any groundwater.

Natural Environment

Protected Area

Though useful plants such as medicinal, edible, oil expression and forage uses grow
thickly, there are no rare species of fauna listed as threatened species in the IUCN
Red List identified and protected areas such as wildlife sanctuary, national park or
biosphere reserve.

10

Ecosystem

C+

Construction phase: Negative impact on animal species and ecosystem will
possibly be anticipated.

Operation phase: Slight changes in ecosystem around the upper dam site might be
seen due to the increasing population of waterfowl birds and amphibians.

11

Hydrosphere

Construction and Operation phase: Construction of reservoir may make some
impacts on the existing water level/ flow rate /flux.

12

Topography and
Geology

Construction and Operation phase: Soil erosion might be occurred at the
embankment of the access road for construction, depending on the topographic
condition. It might be occurred as well, depending on the geological conditions, at
the soil disposal area.

Social Environment

13

Land acquisition

Pre-construction phase:
292ha of land is required for the PSP construction, stockyard, road development
and others, out of which 234ha falls in the forest that requires official procedure
for the forest clearance. The rest 58ha is non-forest and private land, of which
34ha shall be transferred from the 1&W Dept., 24ha shall be remporarily used or
leased. Private land is not located within submergence area or acquired
permanently. No involuntary resettlement is anticipated either.
It is unknown if there are any livelihood activities conducted on the private land
which is anticipated to be requisitioned temporarily. It is necessary to identify if
there is any resettlement caused by the livelihood deterioration due to the
temporary requisition of private land.
It is necessary to examine the method and sequence of acquiring / using the
required land in advance to reflect into the construction plan and schedule.
Official procedures for land acquisition and requisition may have to be
commenced prior to the construction work based on the construction plan.
Suspension or relocation of livelihood activities can occur in particular
locations, which shall be identified in the social survey.

Construction phase: It is necessary to acquire / use the required land according to

the construction plan and schedule. Suspension or relocation of livelihood activities

can occur in particular locations, which shall be identified in the social survey.

Operation phase: No major impact is anticipated.

14

Disturbance to Poor
People

C-/+

B+/-

Construction phase:
Teliabhasa, Ranga and Baghmundi will accommodate the upper reservoir,
whereas Baghmundi, Gosaidi and Barria will do the lower one. The
demographic information of these villages including poverty rates are unknown,
and shall be identified in the social survey. There may be certain people who are
socially vulnerable, to whose livelihood and household economy the permanent
acqisition of forest area and temporary land use during construction period may
do harm directly / indirectly without appropriate countermeasures.
It needs further investigation, analyses and confirmation if development /
pagement of construction roads bring benefits to local people such as better
access to social services and local market throughout a year.

Operation phase:
Deterioration of household economy may occur due to the losses of livelihood
means if appropriate countermeasures are not taken.
Development / pagement of construction roads may bring positive impacts to the
local economy such as better access to social services and local market
throughout a year.

15

Disturbance to
Ethnic Minority
Groups and
Indigenous People

Construction and Operation phase: There are STs in the villages where the
project facilities are planned. It needs further investigation and confirmation if there
will be any negative impacts on their culture and customes.

16

Deterioration of
Local Economy such
as Losses of
Employment and
Livelihood Means

B-/+

B-/+

Pre-construction / Construction phases:
According to the EIA report, there are plantation area where sal trees and butea
trees are grown in the forest land near the planned upper reservoir area. There
can be local people who are employed there, whose livelihood means may be
affected directly / indirectly due to the permanent acquisition of forest land.
Temporary requisition of private land may cause losses of livelihood means of
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Item

Impact

Rating

Pre-/Construc
tion Phase
Operation

Phase

Results

local people.
Development / pagement of construction roads may bring benefits to local
people such as better access to social services and local market throughout a
year.
The project implementation may create local engagement and commercial
opportunities with the outside people for the construction work.

Operation phase:
Deterioration of local economy may occur due to the relocation or losses of
livelihood means if appropriate countermeasures are not taken.
Development / pagement of construction roads may bring positive impacts to the
local economy such as better access to social services and local market
throughout a year.

17

Land Use and
Utilization of Local
Resources

Pre-construction / Construction phases:
According to the EIA report, there are plantation area where sal trees and butea
trees are grown in the forest land near the planned upper reservoir area. Forest
resources including the quoted plantation sites may be lost due to the permanent
acquisition of forest land.
The current land use of 58ha in total can be disturbed until the end of
construction period due to the requisition of non-forest land and private land
(further investigation and analyses will be made in the social survey).

Operation phase:
Permanent requisition of forest land (234ha) will permanently change the land
use after the construction work.

18

Disturbance to Water
Usage, Water Rights,
etc.

Construction phase:
There are people who do fishing in the Turga River and the existing irrigation
reservoir. The construction work may affect the fishery at the irrigation reservoir
negatively (scale may be smallened or totally suspended), the fishing activities at
downstream, and cause water turbidity at downstream.
Irrigation water and domestic water may be affected due to the development of
lower reservoir by expanding the existing irrigation reservoir.
Water sources and water use of each village nearby remain unknown, which
needs to be identified in the site investigation.

Operation phase:
Although no major impact is anticipated, analyses shall be made based on the
results of social survey.

19

Disturbance to the
Existing Social
Infrastructure and
Services

Construction phase: Traffic increase is anticipated.

Operation phase: Positive impacts are expected through development / pagement
of construction roads such as better access to social services and local market
throughout a year.

20

Institutions
Social
and

Social
such as
Infrastructure
Local
Decision-making
Institutions

Construction and Operation phase: No specific impacts to the local communities
are anticipated both in construction period and operation period.

21

Misdistribution of
Benefits and Losses

Construction phase: Unfairness between local people in the surrounding area
benefited through the improvement of social infrastructure and services, and those
whose livelihood means are affected may occur (further investigation and analyses
will be made in the social survey).

Operation phase: Without fair countermeasures taken in an appropriate manner,
misdistribution of benefits and losses may last in long-term (further investigation
and analyses will be made in the social survey).

22

Local Conflicts of

Interest

Construction phase:
Unfairness between local people in the surrounding area benefited through the
improvement of social infrastructure and services, and those whose livelihood
means are affected may occur (further investigation and analyses will be made in
the social survey).
According to the EIA report, influx of outside people will reach 4,000 in total
(1,000 project relevant people (200 technical people and 800 construction
workers) and their family members, and subordinate people). Without
appropriate countermeasures, local conflicts between local people and outside
people may occur.
Operation phase: Without fair countermeasures taken in an appropriate manner,
local conflicts of interest may last in long-term (further investigation and analyses
will be made in the social survey).
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23

Cultural Heritage

@
d
(@]

Construction phase:
There is a small Hindu temple on the left bank ridge of the planned lower
reservoir, which needs to be relocated due to the construction work.
There is no UNESCO World Heritage site in and near the project site. No
historical, cultural or archeaological sites in and around the project site
registered according to the Indian laws.
Operation period: Further investigation and analyses will be made in the social
survey if there is any negative impact.

24

Landscape

Construction phase:
No specific landscape is so far expected in and around the project site (further
investigation and analyses will be made in the social survey).
Rural landscape may be affected due to the tree felling in the construction
workd. Further investigation and analyses will be made in the social survey.
Operation phase: Impact on the rural landscape may last (further investigation and
analyses will be made in the social survey).

25

Gender

Construction and Operation phase: Although no major impact is anticipated,
analyses shall be made based on the results of social survey.

26

Children’s Rights

Construction and Operation phase: Child labor may occur if contractors do not
abide the law.

27

Infectious Diseases

Construction phase: Infectious diseases may locally spread triggered by massive
influx of construction workers.
Operation phase: No major impact is anticipated.

28

Work  Environment
(Including Work
Safety)

Construction phase: Risks of accidents are high through the construction work
(further investigation and analyses will be made in the social survey).
Operation phase: Industrial accidents can occur among workers.

29

Other

Accidents

Construction phase:
Accidents may occur due to the constrution work.
Traffic accidents may occur due to the increase of traffic volume.
Operation phase:
Accidents and death by drowing may occur in the reservoirs if there are no
appropriate measures such as entry restriction are taken.
Accidents can occur during maintenance work.

30

Cross-boundary
Impact and Climate
Change

Construction phase: No impact on climate change is predicted although CO, will
be produced in the construction work at relatively limited scale.

Operation phase: CO, will not be produced by operation of hydropower plant.
Hydropower plant has the role of reducing CO, emissions as an alternative energy
source to fossil fuel.

note:

(source: JICA Study Team)

A+/-: Significant positive/negative impact is expected,

B+/-: Positive/negative impact is expected to some extent,

C+/-: Extent of positive/negative impact is unknown (further examination is needed, and the impact may be clarified as the study
progresses)

D: No impact is expected.

EIA

1.7km
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Table 11.5.1-2 Result of Scoping Draft (Transmission Lines and Related Facilities)

Rating
5 | <
§ Impact 3z g 2 = a Results
TBE| &
8 ()

1 Air Quality B- D |Construction phase: Dust will be generated in the land preparation and other
construction work, but the impact will be temporary. Air pollutants (SOx, NOX,
etc.) will be generated through the operation of heavy machinery and trucks, but the
impact will be limited to the surrounding area.

E Operation phase: SOx, NOx PM/dust will not be generated by the operation of the

£ transmission lines.

O 2 Water Quality B- D |Construction phase: Soil runoff may occur from the exposed soil of the

§ embankments and cut slopes, which may deteriorate water quality of the nearby

E creeks.

E Operation phase: Water Quality will not be affected by the operation of the
transmission lines.

3 Noise and Vibration B- D | Construction phase: The operation of heavy machinery and trucks will cause
noise and vibration, but it will be limited to the surrounding area.

Operation phase: No specific noise and vibration is expected.

4 Protected Area D D | Construction and Operation phase: There is no specific negative impact

expected.
s |5 Ecosystem C- B- | Construction phase: Air pollution, noise and vibration may affect the terrestrial
iy ecosystem.
s Operation phase: Collision between birds and transmission lines may occur and
2 cause transmission accidents.
Z16 Topography and C- C- | Construction and Operation phase: Depending on the geological conditions, soil
Geology erosion may occur from the exposed soil of the embankments and cut slopes at the
tower locations.
7 Land acquisition Cc D | Pre-construction / Construction phases:
It remains unknown and needs further investigation if there is any private land
along the right of way (ROW), present land use of ROW, and necessity of land
acquisition.
There is no resettlement so far ancitipated. Further investigation in the social
survey will be required to identify if there are local population in the ROW, or
resettlement due to the deterioration of local livelihoods.
Operation phase: No major impact is anticipated.
8 Disturbance to Poor C C | Construction and Operation phase: It remains unknown and needs further
People investigation if there are any people below poverty line living in the ROW.
9 Elstqrbance o ¢ c Construction and Operation phase: There are STs in the villages where the
thnic Minority o - - - A
Groups and facn!tles _of @ransmlss!on lines are plan_ned. It needs'further investigation and
. confirmation if there will be any negative impacts on their culture and customes.
Indigenous People
10 | Deterioration of C C | Construction and Operation phase: It remains unknown and needs further
Local Economy such investigation if there are any negative impacts to the local economy.
as Losses of
Employment and
£ Livelihood Means
E| 11 | Land Use and B- D | Pre-construction/ Construction phases:
S Utilization of Local Land at the tower bases will be occupied though it is small-scale.
2 Resources The land value of the ROW will decrease.
w Operation phase: No major impact is anticipated.
2 [ 12 | Disturbance to Water C C | Construction and Operation phase: It remains unknown and further investigation
A Usage, Water Rights, is required to identify if there are negative impacts and the impact degrees.
etc.
13 | Disturbance to the B- D | Construction phase: Traffic increase is anticipated.
Existing Social Operation phase: No major impact is anticipated.
Infrastructure  and
Services
14 | Social Institutions D D | Construction and Operation phase: No specific impacts to the local communities
such as  Social are anticipated both in construction period and operation period.
Infrastructure and
Local
Decision-making
Institutions
15 | Misdistribution  of C C | Construction and Operation phase: It remains unknown and further investigation
Benefits and Losses is required to identify if there are negative impacts and the impact degrees.
16 | Local Conflicts of C C | Construction and Operation phase: It remains unknown and further investigation
Interest is required to identify if there are negative impacts and the impact degrees.

17 | Cultural Heritage C C | Construction phase: There is no UNESCO World Heritage site in and near the
project site. Further information shall be collected if there are any historical,
cultural or archeaological sites in and around the project site registered according to
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Impact

Rating

Pre-/
Construction
Phase

Operation
Phase

Results

the Indian laws (further investigation and analyses will be made in the social
survey).

Operation period: Further investigation and analyses will be made in the social
survey if there is any negative impact.

18

Landscape

Construction phase:
No specific landscape is so far expected in and around the project site (further
investigation and analyses will be made in the social survey).
Rural landscape may be affected due to the extension of transmission lines.
Further investigation and analyses will be made in the social survey.
Operation phase: Impact on the rural landscape may last (further investigation and
analyses will be made in the social survey).

19

Gender

Construction and Operation phase: Although no major impact is anticipate,
further analyses shall be made based on the results of social survey.

20

Children’s Rights

Construction and Operation phase: Child labor may occur (further investigation
and analyses will be made in the social survey).

21

Infectious Diseases

Construction phase: Infectious diseases may locally spread triggered by massive
influx of construction workers.
Operation phase: No major impact is anticipated.

22

Work  Environment
(Including Work
Safety)

B- B-

Construction phase: Risks of accidents are high through the construction work
(further investigation and analyses will be made in the social survey).
Operation phase: Industrial accidents can occur among workers.

23

Other

Accidents

Construction phase:
Accidents may occur due to the constrution work.
Traffic accidents may occur due to the increase of traffic volume.
Operation phase:
Accidents and death by drowing may occur in the reservoirs if there are no
appropriate measures such as entry restriction are taken.
Accidents can occur during maintenance work.

24

Cross-boundary
Impact and Climate
Change

Construction phase: No impact on climate change is predicted although CO, will
be produced in the construction work at relatively limited scale.

Operation phase: Transmission line will not cross a boundary. No CO, will be
produced by the extension and operation of the transmission lines.

note:

(source: JICA Study Team)

A+/-: Significant positive/negative impact is expected,

B+/-: Positive/negative impact is expected to some extent,

C+/-: Extent of positive/negative impact is unknown (further examination is needed, and the impact may be clarified as the study
progresses)

D: No impact is expected.

115.2

TOR

Table 11.5.2-2

EIA

Table 11.5.2-1
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Table 11.5.2-1 EIA Results and Survey TOR under the Preparatory Study (Turga PSP and Related Facilities)

Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;tl(:;d Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
Air Quality Yes There were no major sources of air pollution in the Related Environmental Collection of latest | Consideration of
Project Site. Standerd meteorological data | antipollution measures in
PM10, SOx and NOx were considerably lower than Meteorological and domestic air | the construction phase
Indian Standard at 4 points of the Project Site in information and data quality standards
summer, winter and monsoon season, respectively. Current condition of Actual measurement
air quality of the current PM10,
SOx and  NOx
concentration in the
Project Site
Water Quality Yes There were no major sources of water pollution in the Related Environmental Collection of water | Consideration of
Project Site. Standerd body map in the | antipollution measures in
General items including metals were not exceeded the Meteorological Project Site, latest | the construction phase
Indian Standard at 5 points of the Project Site in information and data domestic water
summer, winter and monsoon season, respectively. Current condition of quality standards and
water system in the effluent standards
survey area Actual measurement
of the current water
quality
Soil Quality Yes Results of physicochemical analyses indicated Related Soil  classification | Consideration of measures
oligotrophic soil distribution in the Project Site. Environmental based on the profile | against leakage ~ of
Standerd survey and | lubricants and fuel oil in
Current condition of physicochemical the  construction  and
soil  quality and analyses operation phases
distribution Collection of soil
distribution map
Sediment No Any information about reservoir sediments were not | Current condition of water | Site investigations of the | Consideration of
mentioned in the EIA. quality and sediment of the | lower reservoir sediment | antipollution measures in
lower dam and interstitial water | the construction phase
quality
Noise and | Yes Traffic volume and population density are low, the Related Confirmation of a Consideration of
Vibration Project Site is generally under quiet condition. Environmental positional relation mitigation measures
According to results of actual measurement, noise Standerd between assumed noise for noise and

levels at 4 residential areas in the Project Site were
quite lower than the standard values of “Silent Zone”
which Environment Protection Rules (revised in 2000)
defined as the most tranquility condition

Confirmation of a
positional relation
between assumed
noise and vibration

and vibration causes such
as diesel generator and
residential areas

vibration in  the
construction phase
Sufficient
explanation to local
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;??]ff Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
causes such as diesel stakeholders  about
generator and possibilities of noise
residential areas and _ vibratiqn

generation to gain
their understandings
Offensive Oder No Any information about generation of offensive odor was Related Confirmation of | Consideration of disposal
unmentioned in the EIA Environmental related laws and | plan for industrial wastes
Standerd regulations regarding | and domestic wastes which
Local customs of handlings of solid | may emit odious smell in
collection and wastes such as | the  construction  and
classification for collection and | operation phases
sorting classification for
sorting
Hearings with
administrative body
which has
jurisdiction  over
waste treatments
Waste No Description on waste is already mentioned in the EIA Related Confirmation  of | Consideration of disposal
report. Environmental related laws and | plan for industrial wastes
Standerd regulations and domestic wastes which
Local customs of regarding handlings | may emit odious smell in
collection and of solid wastes | the  construction and
classification for such as collection | operation phases
sorting and classification
for sorting
Hearings with
administrative body
which has
jurisdiction  over
waste treatments
Subsidence No Any information about possibility of occurrence of land | Current  condition  of | Confirmation of | Estimation of optimum
subsiding hydrogeology in the survey | hydro-geologic condition | pumping discharges in
area in the Project Site case of drawing
groundwater for some
purpose
Protected Area Yes Though useful plants such as medicinal, edible, oil Current condition of Confirmation of | Consideration of

expression and forage uses grow thickly, there are no rare

protected areas

protected area

mitigation measures if the
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for
environmental clearance)

Survey TOR under the Preparatory Study

Sg??]':td Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
species of fauna listed as threatened species in the IUCN Applicable laws and location and | project impacts on any
Red List identified and protected areas such as wildlife regulations applicable protected areas
sanctuary, national park or biosphere reserve. lows/regulations
Hearings with
administrative body
which has
jurisdiction  over
wildlife protection
Ecosystem Yes Noise and vibration in the construction phase may Current habitat status Confirmation  of Estimate the degree
temporarily impact on wildlife of flora, mammal current situation of of impact on
birds, reptiles, fauna and flora in ecologically
amphibians, fish, the survey area important  habitats
precious species Hearings with and take preventive
(migrant birds) WBSEDCL  about measures if
Compensatory detail plan  of significant impact on
plantation plan compensatory the habitat is
plantation predicted.
Estimate the degree
of impact on
endangered species,
and take preventive
measures if
significant impact on
species is predicted.
Confirmation of the
detail plan of
compensatory
plantation and revise,
if any.
Hydrometeorology | No Any information about hydrometeorological prediction was Existing water system Confirmation  of | Consideration of
unmentioned in the EIA Flow rate and water current water | mitigation measures if the
level system based on | project impacts on the
satelite data local hydrometeorology
Field investigation
Topography and | Yes Lithological character, geological structure and topological | Confirmation of geological Collection of | Geological revalidation of
Geology situation were illustrate in great detail. Structural dynamic | stability, difficulty level in distinct pictures | structural construction
characteristics were also analyzed adequately. terms with economic and and drawings to
technical level for confirm the current
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;E?]':td Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
structural construction condition
Hearings with
experts  regarding
geological
adequacy and
stability for
structural
constructions
Field investigation
Land acquisition | Yes 292 ha of land is required for the PSP construction, Locations and present Collect relevant | Elaborate draft ARAP
and Resettlement stockyard, road development and others, out of which use of the laws and | based on the survey results
234ha falls in the forest that requires official government land and regulations (if required)
procedure for the FC. The rest 58ha is non-forest private land which Identify the number
government and private land, of which 34ha shall be require temporary use of the affected
transferred from the 1&W Dept, 24ha shall be and requisition villages and their
temporarily used or leased. Confirm  who the locations
(Locations of government land and private land affected people are Conduct a
within the project area. Their present use is not (including  resettlers household
mentioned either => needs to be identified) and temporarily socioeconomic
Yes Private land is not located within submergence area affected people) survey (population
or acquired permanently. No involuntary resettlement Identify their census, asset
is anticipated either and no rehabilitation measures livelihood means inventory and
will be required. Impacts to the local people will be | Examine  methods and household survey)
temporary. sequence of land
(Degree of temporary impact and their contents are not | acquisition
described => needs to be identified)
Poor People No (No investigation and analyses on the impacts on the poor | Identify if there are people Collect relevant Elaborate livelihood
people are described => needs to be identified) below poverty line among laws and restoration measures
Yes Development / pagement of construction roads may | the affected people regulations based on the survey
bring positive impacts to the local economy such as Conduct results (if required)
better access to social services and local market socioeconomic Develop permanent
throughout a year. survey roads which local
The project implementation will create local people can use even
engagement and commercial opportunities with the after the construction
outside people for the construction work. period
Disturbance to | Yes Existence of scheduled castes and scheduled tribes in Identify if there are Interview with | Elaborate livelihood
Ethnic  Minority the study area are confirmed through the official people who require village heads assistance measures based
Groups and results of the Population Census 2011. protection and | Interview with local | on the survey results (if
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;E?]':td Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
Indigenous People (It remains unknown if there are specific people who assistance people required)
need protection and assistance, their living places and Identify if there are
population => needs to be identified) negative impacts
Deterioration  of | Yes There are people who do fishing in the existing Identify the present Collect information | Elaborate livelihood
Local Economy irrigation reservoir. The construction work may affect household economy on local | restoration measures based
such as Losses of the fishery there negatively (fishing volume may be (livelihoods, engagement  and | on the survey results (if
Employment and reduced or their activities may totally be suspended) occupations, etc) of hosuehold income required)
Livelihood Means resulting in their livelihood losses. The fishing the affected people Conduct
activities at downstreammay be affected. whose livelihood socioeconomic
(1t remains unknown the living locations and number means can be lost due survey
of the affected population => needs to be identified) to the temporary use Interview with
Yes There are plantation area where sal trees and butea of their private land local people
trees are grown in the forest land near the planned during  construction
upper reservoir area. period, which
(1t remains unknown if there are local people who are | Identify if there are
employed there, and if the local livelihood means may be | involuntary  resettlement
affected directly / indirectly due to the permanent | due to the deterioration of
acquisition of forest land. => needs to be identified) their livelihoods
No (It is unknown if there are any livelihood activities
conducted on the private land which is anticipated to be
requisitioned temporarily. => needs to be identified)
Yes Development / pagement of construction roads may
bring positive impacts to the local economy such as
better access to social services and local market
throughout a year.
The project implementation will create local engagement
and commercial opportunities with the outside people for
the construction work.
Land Use and | Yes Out of the required land (292 ha), 234ha is forest area Present land use Collect information | Elaborate  compensation

Utilization of
Local Resources

that requires official procedures for the FC. There are
plantation area where sal trees and butea trees are
grown in the forest land near the planned upper
reservoir area, which will be affected by the project.
The remaining 58ha is non-forest government and
private land, of which the tenure of 34ha will be
transferred from the 1&W Dept., and the other 24ha
will be temporarily used or leased.

(The current land use of 58ha can be disturbed until

Identify livelihoods and
occupations of the
household affected by the
project

on local

engagement  and

hosuehold income
Interview with the target
households

and livelihood restoration
measures (if required)
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;E?]':td Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
the end of construction period due to the requisition
of non-forest land and private land. Locations of
private land and their present use, however, are
unknown. => needs to be identified)
Disturbance to | Yes There are people who do fishing in the Turga River, | Present use of domestic Conduct Conduct
Water Usage, the existing irrigation reservoir and at downstream. | water and  agricultural socioeconomic countermeasures  to
Water Rights, etc. Construction work may make it difficult for them to | water survey prevent water
continue fishing in the irrigation reservoir, affect the Interview  with  local pollution during
fishing activities at the downstream, and cause water people construction period
turbidity at downstream. Satisfy the waste
Yes Water of irrigation reservoir is used for agriculture water standard by
and drinking purposes. By developing the coffer dam installing the waste
next to the existing reservoir, the water will be kept water treatment
used even during the construction phase. facilities
No (It is unknown if there are alternative water sources
for agriculture and drinking purposes such as water
intake from wells and other sources. => needs to be
identified)
Disturbance to the | Yes Traffic volume will increase during contruction | ldentify  present traffic | Collect statistic data of Develop permanent
Existing  Social period. volume traffic volumes roads which local
Infrastructure and Development / pagement of construction roads may people can use even
Services bring positive impacts to the local economy such as after the constrution
better access to social services and local market period
throughout a year. Examine vehicle
transportation
schedule during the
construction peiod
Misdistribution of | No Unfairness between local people in the surrounding | Identify livelinoods and Collect information | Elaborate  compensation
Benefits and area benefited through the improvement of social | occupations of the on local | and livelihood restoration
Losses infrastructure and services, and those whose | household affected by the engagement  and | measures based on the
livelihood means are affected may occur project hosuehold income survey results (if required)
(It remains unknown if there are local people who Group interview with
lose their livelihood means or not because no primary local people
interview is conducted yet. => needs to be identified)
Local Conflicts of | Yes An influx of outside people will reach 4,000 in total | Identify the locations and | Interview with | Reflect countermeasures
Interest (1,000 project relevant people (200 technical people | facilities of inbound people | WBSEDCL into the project plan

and 800 construction workers) and their family
members, and subordinate people). Without
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;E?]':td Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
appropriate countermeasures, local conflicts between
local people and outside people may occur.

Cultural Heritage | Yes There is a small Hindu temple on the left bank ridge Identify the tenure of Collect literature | Reflect —countermeasures
of the planned lower reservoir, which needs to be Hindu temple and and information into the project plan (if
relocated due to the construction work. local people who | Interview with village | required)

(It remains unknown if there are any historical, worship there heads, priest and local
cultural or archeaological sites in and around the | Identify if there are any | people
project site registered according to the Indian laws. | historical,  cultural  or
=> needs to be identified) archaeological sites in and
around the project site
registered according to the
Indian laws.

Landscape No No specific landscape is so far expected in and | ldentify if there are impacts | Visual confirmation | -
around the project site to the landscape through digital image
(It remains unknown if rural landscape may be
affected due to the tree felling in the construction
workd. => needs to be identified)

Gender No (Countermeasures are examined. However, it remains Identify the gender Collect relevant | Elaborate livelihood
unknown if there are local people who are affected or among the affected laws and | assistance measures based
not because no primary interview is conducted yet. people regulations on the survey results (if
=> needs to be identified) Access to health facilities Conduct socioeconomic | required)

survey

Children’s Rights | No (Possible child labor is anticipated. However, it Identify the number Collect relevant | Elaborate assistance
remains unknown if there are children who are of the project affected laws and | measures based on the
affected or not because no primary interview is children and the local regulations survey results (if required)
conducted yet. => needs to be identified) sitaution they are Conduct

faced with socioeconomic

Infant and  childr survey

mortality rates Group interview

Access to  health with local people

facilities

Immunization rates

Education status
Infectious Yes Occurrence of infectious diseases is anticipated Not particularly Not particularly Develop the work and
Diseases triggered by pollutions and mosquitoes created by sanitation  plan  during

inappropriate treatment of discharged water and
wastes, and massive influx of construction workers.

construction period
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Item

Results of the EIA (submitted to the MoEFCC in 2016 for
environmental clearance)

Survey TOR under the Preparatory Study

S;E?]I:td Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
Work Yes Risks of accidents are high through the construction Not particularly Not particularly Develop the work and
Environment work. safety plan during
(Including  Work Accidents can also occur during maintenance work. construction period and
Safety) operation period.
Accidents Yes Accidents may occur due to the constrution work. Not particularly Not particularly Develop countermeasures
Traffic accidents may occur due to the increase of to prevent accidents and
traffic volume. responses to them
Accidents can occur during maintenance work.
Cross-boundary No No survey was conducted. Present air quality Observe the air | Estimate the amount of

Impact and
Climate Change

Degree of
contribution to
mitigate the climate
change

pollutants (CO2)
Evaluate by using
the JICA Climate
Finance Impact
Tool for Mitigation
and Adaptation
(JICA
Climate-FIT)

CO2 emission from
construction vehicles and
heavy vehicles.

(source: JICA Study Team)
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Table 11.5.2-2 EIA Results and Survey TOR under the Preparatory Study (Transmission Lines and Related Facilities)

Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

Sglrji'std Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
Air Quality Yes There were no major sources of air pollution in the | Not particularly Not particularly Consideration of antipollution
Project Site. measures in the construction
PM10, SOx and NOx were considerably lower than phase
Indian Standard at 4 points of the Project Site in
summer, winter and monsoon season, respectively.
Water Quality | Yes There were no major sources of water pollution in | Not particularly Not particularly Consideration of antipollution
the Project Site. measures in the construction
General items including metals were not exceeded phase
the Indian Standard at 5 points of the Project Site in
summer, winter and monsoon season, respectively.
Noise and | Yes Traffic volume and population density are low, the Related Environmental | Confirmation of a | Consideration of mitigation
Vibration Project Site is generally under quiet condition. Standerd positional relation between | measures for noise and
According to results of actual measurement, noise Confirmation of a | assumed noise and | vibration in the construction
levels at 4 residential areas in the Project Site were positional relation | vibration causes such as | phase
quite lower than the standard values of “Silent Zone” between assumed noise | diesel generator and
which Environment Protection Rules (revised in and vibration causes | residential areas
2000) defined as the most tranquility condition such as diesel
generator and
residential areas
Protected Area | Yes Though useful plants such as medicinal, edible, oil | Related lows, regulations and | Confirmation of the Estimation of the degree
expression and forage uses grow thickly, there are no rare | rules distribution of flora, fauna of impact on
species of fauna listed as threatened species in the IUCN and migratory birds flyway endangered species if
Red List identified and protected areas such as wildlife their habitat is around
sanctuary, national park or biosphere reserve. the transmission line
route and take
preventive measures if
significant impact on
the species is predicted.
Taking protective
measures if the habitat
of large birds is
distributed around the
route.
Ecosystem Yes There are no rare species of fauna listed as threatened Current  status  of | Confirmation of Estimation of the degree
species in the IUCN Red List identified and protected ecologically  valuable | distribution and habitat of of impact on
areas such as wildlife sanctuary, national park or biosphere habitats. wildlife endangered species if




0S-TT

Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;??]ftd Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
reserve. Current habitat status of their habitat is around
fauna and flora the transmission line
route and take
preventive measures if
significant impact on
the species is predicted.
Taking protective
measures if the habitat
of large birds s
distributed around the
route.
Monitoring of  bird
strikes and take
preventive measures if
bird strikes occur
Topography Yes Lithological character, geological structure and topological | Confirmation of geological Collection of distinct | Geological survey prior to
and Geology situation were illustrate in great detail. Structural dynamic | stability, difficulty level in pictures and drawings | construction to select the
characteristics were also analyzed adequately. terms with economic and to confirm the current | tower locations.
technical level for structural condition
construction Hearings with experts
regarding geological
adequacy and
stability for structural
constructions
Field investigation
Land Yes 292 ha of land is required for the PSP construction, Identify the ROW Collect relevant laws and | Elaborate draft ARAP based
acquisition stockyard, road development and others, out of Identify if there is | regulations on the survey results (if there
which 234 ha falls in the forest that requires official private land in the is private land which is
procedures for the forest clearance. The rest 58 ha is ROW required for the project)
non-forest and private land, of which 34 ha shall be Identify the present
transferred from the 1&W Dept, 24 ha shall be land use
remporarily used or leased.
(Locations of government land and private land
within the project area. Their present use is not
mentioned either => needs to be identified)
Disturbance to | No (No investigation and analyses on the impacts on the Identify if there are Collect relevant laws Elaborate livelihood
Poor People poor people are described => needs to be identified) people below poverty and regulations restoration measures
Yes Development / pagement of construction roads may line among the affected Conduct based on the survey
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S;??]ftd Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
bring positive impacts to the local economy such as peole socioeconomic results (if required)
better access to social services and local market Identify if there is survey Develop permanent
throughout a year. private land in the roads  which  local
The project implementation will create local ROW and their present people can use even
engagement and commercial opportunities with the use after the constrution
outside people for the construction work. period
Disturbance to | Yes Existence of scheduled castes and scheduled tribes in Identify if there are Interview with village | Elaborate livelihood
Ethnic the study area are confirmed through the official people who require heads assistance measures based on
Minority results of the Population Census 2011. protection and Interview with local | the survey results (if required)
Groups  and (It remains unknown if there are specific people who assistance people
Indigenous need protection and assistance, their living places Identify if there are
People and population => needs to be identified) negative impacts
Deterioration Yes There are people who do fishing in the existing Identify livelihoods and Collect information | Elaborate livelihood
of Local irrigation reservoir. The construction work may occupations of the on local engagement | restoration measures based on
Economy such affect the fishery there negatively (fishing volume household affected by and hosuehold | the survey results (if required)
as Losses of may be reduced or their activities may totally be the project income
Employment suspended) resulting in their livelihood losses. The Conduct
and Livelihood fishing activities at downstreammay be affected. socioeconomic
Means (It remains unknown the living locations and number survey

of the affected population => needs to be identified) Interview with local

No (1t is unknown if there are any livelihood activities people
conducted on the private land which is anticipated to
be requisitioned temporarily. => needs to be
identified)

Land Use and | Yes Out of the required land (292 ha), 234 ha is forest Present land use Collect information | Examine the countermeasures

Utilization of
Local
Resources

area that requires official procedures for the forest
clearance. There are plantation area where sal trees
and butea trees are grown in the forest land near the
planned upper reservoir area, which will be affected
by the project. The remaining 58 ha is non-forest and
private land, of which the tenure of 34 ha will be
transferred from the I&W Dept., and the other 24 ha
will be temporarily used or leased.

(The current land use of 58 ha can be disturbed until
the end of construction period due to the requisition
of non-forest land and private land. Locations of
private land and their present use, however, are
unknown. => needs to be identified)

Identify livelihoods and
occupations of the
household affected by
the project

on local engagement
and hosuehold
income

Interview  with  the
target households

if the erection of transmission
towers affect local grazing
activities and etc.
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S;??]ftd Results of Study and Prediction Survey Item Survey Method Possible Countermeasures
Disturbance to | No (1t is unknown if there are alternative water sources Present use of domestic Conduct Conduct
Water Usage, for agriculture and drinking purposes such as water water and agricultural socioeconomic countermeasures to
Water Rights, intake from wells and other sources. => needs to be water survey prevent water pollution
etc. identified) Interview with local during construction
people period
Satisfy the waste water
standard by installing
the waste water
treatment facilities
Disturbance to | Yes Traffic volume will increase during contruction Identify present traffic Collect statistic data Develop permanent
the  Existing period. volume of traffic volumes roads ~ which  local
Social Development / pagement of construction roads may people can use even
Infrastructure bring positive impacts to the local economy such as after the constrution
and Services better access to social services and local market period
throughout a year. Examine vehicle
transportation schedule
during the construction
peiod
Misdistribution | No Unfairness between local people in the surrounding Identify livelihoods and Collect information Elaborate compensation
of Benefits and area benefited through the improvement of social occupations  of the on local engagement and livelihood
Losses infrastructure and services, and those whose household affected by and hosuehold restoration measures
livelihood means are affected may occur the project income based on the survey
(It remains unknown if there are local people who Group interview with results (if required)
lose their livelihood means or not because no local people
primary interview is conducted yet. => needs to be
identified)
Local Yes An influx of outside people will reach 4,000 in total Identify the locations Interview with Reflect
Conflicts  of (1,000 project relevant people (200 technical people and facilities of WBSEDCL countermeasures  into
Interest and 800 construction workers) and their family inbound people the project plan
members, and subordinate people). Without
appropriate countermeasures, local conflicts between
local people and outside people may occur.
Cultural No (It remains unknown if there are any historical, Identify if there are any Collect literature and Reflect
Heritage cultural or archeaological sites in and around the historical, cultural or information countermeasures  into

project site registered according to the Indian laws.
=> needs to be identified)

archeaological sites in
and around the project
site registered according
to the Indian laws.

the project plan (if
required)




€511

Item

Results of the EIA (submitted to the MoEFCC in 2016 for

environmental clearance)

Survey TOR under the Preparatory Study

S;??]ftd Results of Study and Prediction Survey Item Survey Method Possible Countermeasures

Landscape No No specific landscape is so far expected in and Identify if there are Visual confirmation -
around the project site impacts to the through digital image
(It remains unknown if rural landscape may be landscape
affected due to the tree felling in the construction
workd. => needs to be identified)

Gender No (Countermeasures are examined. However, it Identify the gender Collect relevant laws Elaborate livelihood
remains unknown if there are local people who are among the affected and regulations assistance measures
affected or not because no primary interview is people Conduct based on the survey
conducted yet. => needs to be identified) Access to  health socioeconomic results (if required)

facilities survey

Children’s No (Possible child labor is anticipated. However, it Identify the number of Collect relevant laws Elaborate assistance

Rights remains unknown if there are children who are the project affected and regulations measures based on the
affected or not because no primary interview is children and the local Conduct survey results (if
conducted yet. => needs to be identified) sitaution they are faced socioeconomic required)

with survey

Infant and  childr Group interview with
mortality rates local people

Access  to  health

facilities

Immunization rates

Education status

Infectious Yes Occurrence of infectious diseases is anticipated Not particularly Not particularly Develop the work and

Diseases triggered by pollutions and mosquitoes created by sanitation plan during
inappropriate treatment of discharged water and construction period
wastes, and massive influx of construction workers.

Work Yes Risks of accidents are high through the construction Not particularly Not particularly Develop the work and

Environment work. safety  plan  during

(Including Accidents can also occur during maintenance work. constrcution period and

Work Safety) operation period.

Accidents Yes Accidents may occur due to the constrution work. Not particularly Not particularly Develop
Traffic accidents may occur due to the increase of countermeasures to

traffic volume.
Accidents can occur during maintenance work.

prevent accidents and
responses to them

(source: JICA Study Team)




11.6
11.6.1
1)
Table 11.6.1-1 World Health
Organization WHO

Table 11.6.1-1 National Ambient Air Quality Standards

Time Weighted Industrial, Residential, Ecologically

Pollutants Average Rural and Other Area* Sensitive Area Method
S0O2 Annual 50 (20) 20 - Improved west & Gacke method
(ng m-3) 24 hours 80 (500) 80 - Ultraviolet fluorescence method
NO2 Annual 40 (40) 30 - Modified Jacab&Hochheister method
(ug m-3) 24 hours 80 (200) 80 - Chemiluminescene method
PM10 Annual 60 (20) 60 Gravimetri thod
(ug m-3) 24 hours 100 (50) 100 ) Tlrza,\‘/’l'me ric metho
(E;Arrzll-SS) Qnr?:uarls gg ggg gg -Beta attenuation method
(source: NATIONAL AMBIENT AIR QUALITY STATUS & TRENDS (2012), CPCB)
(note: * WHO Guideline Values (2017))
2013 2014
4
4
PM10 SO, NOy
WHO
(source: JICA Study Team, October 2017)
Figure 11.6.1-1 Figure 11.6.1-1 Distant View of the
Project Site
2017 12 1 4
PM10 SO NOx NO:
Figure 11.6.1-2 Table 11.6.1-2

(©) NearUpper Dam (d) Manga Vl ﬁage

(a) Gosaidi Village (b) Baghmundi Village

(source: JICA Study Team, January 2018)

Figure 11.6.1-2 Air Sampling Activities
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Table 11.6.1-2 Analyses Results of Ambient Air Quality

Station Average | Maximum | Minimum
PM10
Near Upper Reservoir Site 33.0 40.5 28.0
Near Lower Reservoir Site 314 33.9 26.7
Near Village Baghmundi 36.9 42.4 31.0
Downstream of Lower Reservoir 31.8 355 28.4
SO,
Near Upper Reservoir Site 15.3 16.4 13.7
Near Lower Reservoir Site 155 16.8 14.3
Near Village Baghmundi 16.5 175 15.6
Downstream of Lower Reservoir 14.7 16.2 12.9
NO,
Near Upper Reservoir Site 20.6 23.1 18.9
Near Lower Reservoir Site 22.6 24.6 20.9
Near Village Baghmundi 25.7 28.0 23.6
Downstream of Lower Reservoir 215 224 20.3
(source: JICA Study Team)
)
Turga Subarnarekha
Ayodhya Turga Sobha
7
Table 11.6.1-3 Figure 11.6.1-3
Table 11.6.1-3 Details of Locations for Water Sampling
STATION CODE LOCATION LATITUDE LONGITUDE
w1 Dam Site Upper Dam (River Water) 23°12'47.41"N | 86° 4'11.26"E
W2 300m Downstream of Upper Dam (River Water) 23°12'37.95"N | 86° 4'16.41"E
W3 500m Upstream of Upper Dam (River Water) 23°13'02.73"N | 86° 4'03.11"E
W4 Reservoir upstream of Lower Dam axis (River Water) 23°12'02.43"N | 86° 4'36.92"E
W5 Downstream of Lower Dam site 23°11'36.80"N | 86° 4'37.15"E
W6 Ranga village (Ground water, bore well) near to upper reservoir 23°14'06.30"N | 86° 4'32.87"E
W7 Gosiati Village (Ground water, bore well) 23°11'44.03"N | 86° 3'58.92"E

(source: JICA Study Team)

11-55




Ardnra Al

Google Earth
(urce: JI A S Ta)
Figure 11.6.1-3 Sampling Location of Water Quality Monitoring Stations

3
TN 100 Eutech pH

pH EI-132E TDScanl
Eutech TDS

Aquamerck

Ca Mg Cl
APHA 2005 Adoni 1985 NO3-N
PO4-P Ultrospec3000
AAB300 Table 11.6.1-4
Table 11.6.1-5

Table 11.6.1-4 Result of Water Quality Characteristics of Turga River and other Water Bodies
in the Survey Area

Sampling Points

Parameters W3 Wa W5
Water Temperature (°C) 29 28 30 31 29 28 26
pH 7.3 7.1 7.4 7.1 6.5 7.4 6.9
Dissolved Oxygen (mg L) 72 65 6.3 6.3 6.1 6.4 7.0
Electrical Conductivity (1S) 120.6 126.9 130.2 126.9 149.0 225.1 252.6
TDS (mg LY 95.2 920 82.0 89.1 110 220 180
Total Hardness (mg L) 118 120 112 126 123 160 130
Calcium (mg L) 22 24 26.8 243 270  21.68 17.31
Magnesium (mg L) 10.72 14.2 10.0 15.10 11.23 27.91 15.79
Total Alkalinity (mg L) 90.0 920 98.0 90.0 99.00 12678  128.64
Chlorides (mg L) 42.0 44 44.0 42.0 46.00 39 38
Nitrates (mg L?) 0.28 0.36 0.34 0.32 0.29 0.39 0.42
Phosphates (mg L) 0.63 0.22 0.24 ND* ND <0.04 <0.04
Silicates (mg L?) 6.20 4.30 5.0 5.01 50 8.0 9.20
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Sampling Points

Parameters

W3 W4 W5
Sulphate (mg L) 8 7.4 9 13 11 28 21
Sodium (mg L) 3.15 3.2 2.98 3.82 3.26 3.4 3.8
Potassium (mg L) 1.63 2.13 14 1.80 1.20 1.84 2.66
Iron (mg L?) 0.06 0.08 0.15 0.20 0.20 0.06 0.04
Cadmium (mg L) 0.003 0.003 ND 0.001 0.012 <0.001 <0.001
Copper (mg L) 0.013 0.012 0.008 0.011 0.012 <0.01 <0.01
Mercury (mg L) BDL** BDL BDL BDL BDL BDL BDL
Chromium (mg L) BDL BDL BDL BDL BDL BDL BDL
BOD, (mg LY) 1.0 15 2.0 2.0 2.2 0.5 0.6
COD (mg L%) 2.3 3.0 3.8 4.0 4.3 1.3 15

(source: JICA Study Team)
(note: *ND: Not Detectable, **BDL: Below Detection Limit)

Table 11.6.1-5 National Drinking Water Quality Standards

Acceptable Cause for Rejection WHO (2011) USEPA (1996)
Turbidity (JTU scale) 2.5 10 — 1 (NTU)
Color (Pt-Co scale) 5.0 25 — 5 (color units)
Taste & Odor (mg L) Unobjectionable 3 (TON)
pH 7.0-85 6.5-9.2 — 6.5-8.5
TDS (mg L) 500 1500 500 1,000
Total hardness (mg L) 200 600 — —
Cl (mg L) 200 1000 — —
SO4 (mg L) 200 400 250 250
F (mg LY 1.0 1.5 15 2.0
NOs (mg L) 45 45 50 10
Ca(mg L?) 75 200 — 250
Mg (mg L) 30 150 — —
Fe (mg L) 0.1 1.0 0.3
Mn (mg L) 0.05 0.5 — 0.05
Cu (mg L) 0.05 15 2.0 1.0
Zn (mg LY 5.0 15.0 — 5
Phenol (mg L) 0.001 0.002 — —
MBAS (mg L) 0.2 1.0 — 05
Oil (mg L) 0.01 0.3 — —
As (mg L) 0.05 0.05 0.01 0.01
Cd (mg L?) 0.01 0.01 0.003 0.005
Cr*® (mg L1 0.05 0.05 | 0.05 (as total Cr) | 0.1 (as total Cr)
CN (mg L) 0.05 0.05 — 0.2
Pb (mg L) 0.1 0.1 0.01 0.015
Se (mg LY 0.01 0.01 0.04 0.05
Hg total (mg L) 0.001 0.001 | 0.006 (as inorg.-Hg) 0.002
PAH (ng L) 0.2 0.2 — —

(source: http://www.mdws.gov.in/sites/default/files/Drinking_water_quality_standards.pdf (as of December 2017))

pH 6.5 7.4
TDS 82 220mglL? 500mg Lt 172
TDS
EIA 48 54mglL?
200mg L-1 60 112mL?
WHO 120 mg L*

120 mg L*
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90 128 mgL™*

BOD
COD DO 6.1 7.2
mg L
®)
3 Figure
11.6.1-4
1) 5°
United States Department of Agriculture USDA Alfisols
B B
Alfisols
2) 5° 25°)
USDA Inceptisols
3) 25°
USDA Lithic subgroup FAO Lithosol

: A e TR R
Gentle slope area Middle slope area Slope Area
(source: JICA Study Team, November 2017)

Figure 11.6.1-4 Comparison of soil profiles in the project area

11-58



10 Alfisols
10 cm
Table 11.6.1-6

2017 11
Figure 11.6.1-5

Station Code Location Coordinates: Latitude

Coordinates: Longitude

s1 Upper Dam Site 23°12'47.41" N 86° 04' 11.26" E

S2 Lower Dam Site 23°11'51.77" N 86° 03'50.83" E

s3 Baghmundi 23°11'59.69" N 86° 03' 01.49" E

S4 Chorda 23°12'28.99" N 86° 02' 15.64" E

S5 Khirabera 23°12'53.34" N 86°01'34.54" E

S6 Nishchintpur 23°13'40.77" N 86° 00" 52.57" E

s7 Baredi 23°14'02.85" N 86° 01' 48.05" E

S8 Saldi 23°14'00.05" N 86° 03' 24.30" E

S9 Ranga 23°14' 06.30" N 86° 04' 32.87" E

510 Telia Bhasa 23°13'24.28" N 86°04' 14.78" E

(source: JICA Study Team)
Figure 11.6.1-5 Detail of Soil Sampling Location
Table 11.6.1-6  Soil Quality in the Catchment Area
Parameters Etatlon
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

pH (1:2.5) 6.9 7.1 7.2 7.0 7.4 7.2 7.4 6.7 6.9 7.1
EC (mS m?) 10 15 16 17 20 20 17 18 15 11
Nitrogen
(kg-N ha') 260 210 315 295 320 310 320 290 230 260
Phosphates 180 | 150 | 145 | 180 | 200 | 170 | 230 21 200 | 190
(kg-P ha'l)
Potassium
(kg-K ha!) 12 18 10 12 20 20 17 18 15 15
Org. matter (%) 1.0 11 1.6 16 0.9 15 0.9 1.0 1.0 1.7

(source: JICA Study Team)
(note: monitored in winter season)
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pH

25 mm

Figure 11.6.1-6

bﬁ«t L
I et A i mrrravarr
Simple particle size distribution test

(source: JICA Study Team)
Figure 11.6.1-6  Soil Physical Study in the Project Area

ST
Corn penetrator test Solid and dense soil structure

4
4 6 9
SPL LAeq Table 11.6.1-7
Table 11.6.1-8 EIA
Table 11.6.1-7 Hourly Equivalent Noise Levels
(unit: dB)
Near Upper Near Lower . . Downstream of
el Dam SF’i"[)e Dam Site Village Baghmundi Lower Dam Site
6-7 AM 37 37 38 37
7-8 AM 38 39 40 38
8-9 AM 40 40 42 40
9-10 AM 42 42 42 40
10-11 AM 42 44 42 42
11-12 Noon 40 42 45 41
12 Noon - 1 PM 39 42 42 44
1-2 PM 41 42 43 43
2-3PM 42 43 42 42
3-4PM 40 42 42 44
4-5PM 40 42 46 44
5-6 PM 42 44 45 43
6-7 PM 43 45 42 46
7-8 PM 43 42 44 45
8-9PM 38 40 45 40
Leq day 40.5 41.7 42.7 41.3

(source: JICA Study Team)
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Table 11.6.1-8 National Standards of Ambient Noise

Limits in dB (A) Leq
Category of Area Day time Night time
Industrial Area 75 70
Commercial Area 65 55
Residential Area 55 45
Silence Zone 50 40

(source: Status Of Ambient Noise Level In India, CPCB (2016))

note 1. Daytime 6 AM.and 9 P.M.
2. Nighttimeis 9 P.M. and 6 A.M.
3. Silence zone is defined as Environment (Protection) Third Amendment Rules, 2000 Gazettee
notification, Government of India, date 14.2.2000.

Purulia
11.6.2
1)
1)
Table 11.6.2-1 6

15 2

Table 11.6.2-1 Protected Area in West Bengal

Classification Area (km2) Established
Year
Sunderban National Park 1330.10 1984
Neora Valley National Park 159.89 1986
National Park Singalila National Park 78.60 1986
Buxa National Park 117.10 1992
Gorumara National Park 79.45 1992
Jaldapara National Park 216.51 2014
Senchal Wild Life Sanctuary 38.88 1976
Chapramari Wild Life Sanctuary 9.6 1976
Haliday Island Wild Life Sanctuary 5.95 1976
Lothian Island Wild Life Sanctuary 38.0 1976
Mahananda Wild Life Sanctuary 158.04 1976
Sajnakhali Wild Life Sanctuary 362.4 1976
Wildlife BallavpurW_iId I__ife _Sanctuary 2.02 1977
Reserve Bethuadahari Wild Life Sanctuary 0.67 1980
Bibhuti Bhusan Wild Life Sanctuary 0.64 1980
Ramnabagan Wild Life Sanctuary 0.14 1981
Chintamani Kar Bird Sanctuary 0.07 1982
Jorepokhri Salamander Wild Life Sanctuary 0.04 1985
Raiganj Wild Life Sanctuary 1.3 1985
Buxa Wild Life Sanctuary 267.92 1986
West Sunderban Wild Life Sanctuary 556.45 2013
Elephant Mayurjharna Elephant Reserve 414.06 2002
Reserve Eastern Dooars Elephant Reserve 978.00 2002
Tiger Reserve Sundert_)an Tiger Reserve 2584.89 1973
Buxa Tiger Reserve 757.90 1983

(source: JICA Study Team)

800 km Sunderbans
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National Park Sajnakhali Wild Life Sanctuary

Ballavpur Wild Life Sanctuary 5

200 300 km
2)
i)
11Sal11
Casuarinaceae
Sundari
1,500 m
i)
unicornis Elephas maximus
Bos gaurus
Singalila
Muntiacus reevesi Gazella gazella
taxicolor Manis crassicaudata
divaricatus Lophura leucomelanos
Sundarbans IUCN
Panthera tigris tigris Platanista gangetica
Crocodylus porosus
)
1)
Mayurjharna Elephant Reserve
Balarampur 20 km

Shorea robusta

1,000 m

Rhinoceros

Budorcas

Pericrocotus

Batagur baska

Figure 11.6.2-1

Figure 11.6.2-1
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7 Lower Dam Site .
RN 3 A =Tt e G

7~ Mayurjharna _
. Elephant Reserve -

[<]
- =]
-

(source: Google Earth (the left) and http://www.wildbengal.com/ (the right) (accessed in November 2017))
(note: Distance between the lower dam and Balarampur around 20 km (Left side). The reserve area is
located way down southeast.)

Figure 11.6.2-1 Positional Relationship between Study area and Mayurjharna Elephant Reserve

MoEFCC 2017 11 Figure 11.6.2 2
1975
Protected Forest
Indian Foreign Service IFS
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Figure 11.6.2-2 Positional Relationship between Project Site and Protected Forest

63 163 186

habit wise classification 60 36 53

15 4
Adiantum Marselia Lygodium
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Table 11.6.2-2  List of Recorded Species from the Survey Area

No. Plant Species Local Name Family Habit
1. i Cissampelos pareira Eknadi Menispermaceae Climber
2. Dioscorea bulbifera Chuprialu Dioscoreaceae Climber
3. i Dioscorea hamiltoni - Dioscoreaceae Climber
4. i Butea superba Lat Plas Fabaceae Climber
5. i Cayratia trifolia Aml lata Vitaceae Climber
6. i Combretum decandrum Atena Combretaceae Climber
7. i Cryptolepis buchanani - Asclepiadaceae Climber
8. Derris scandens Noalata Fabaceae Climber
9. | Hoyapendula - Asclepiadaceae Climber
10. i Millettia sp Bakar Fabaceae Climber
11. i Mucuna pruriens Alkushi Fabaceae Climber
12. i Pueraria tuberosa Tirra Fabaceae Climber
13. i Smilax prolifera - Smilacaceae Climber
14. i Stephania hernandifolia Khandi Menispermaceae Climber
15. i Bothriochloa pertusa - Poaceae Grass
16. i Chloris barbata - Poaceae Grass
17. i Chrysopogon aciculatus - Poaceae Grass
18. i Chrysopogon serrulatus - Poaceae Grass
19. i Cynodon dactylon - Poaceae Grass
20. i Dichanthium annulatum - Poaceae Grass
21. ; Digitaria sanguinalis - Poaceae Grass
22. i Eragrostis cynosuroides - Poaceae Grass
23. i Eragrostis unioloides - Poaceae Grass
24. i Kyllinga brevifolia - Poaceae Grass
25. i Oplismenus compositus - Poaceae Grass
26. i Paspalidium flavidum - Poaceae Grass
27. i Sacciolepis indica - Poaceae Grass
28. i Sporobolus diander - Poaceae Grass
29. i Cyrtococcum accrescens - Poaceae Grass
30. i Achyranthes aspera Bankhat/Apang Amaranthaceae Herb
31. ;i Ageratum conyzoides - Asteraceae Herb
32. i Alternanthera sessilis - Amaranthaceae Herb
33. { Andrographis paniculata Kalmegh Acanthaceae Herb
34. i Anisochilus carnosus - Lamiaceae Herb
35. i Anisomeles indica - Lamiaceae Herb
36. i Argemone mexicana Shialkanta Papaveraceae Herb
37. i Bidens pilosa - Asteraceae Herb
38. i Biophytum reinwarrdtii - Oxalidaceae Herb
39. i Blepharis maderaspatensis - Acantaceae Herb
40. | Boerhavia diffusa Punarnava Nyctaginaceae Herb
41. i Cassiatora - Caesalpiniaceae Herb
42. i Centella asiatica Thankuni Apiaceae Herb
43. | Coleus aromaticus - Lamiaceae Herb
44. : Colocasia esculenta Kachu Araceae Herb
45. i Corchorus aestuans - Tiliaceae Herb
46. i Costus speciosus - Zingiberaceae Herb
47. i Curcuma longa - Zingiberaceae Herb
48. i Desmodium diffusum - Fabaceae Herb
49. i Eclipta alba - Asteraceae Herb
50. i Elephantopus scaber Majorjhuti Asteraceae Herb
51. i Euphorbia hirta - Euphorbiaceae Herb
52. i Evolvulus numlaria - Convolvulaceae Herb
53. i Gomphrena globosa - Amaranthaceae Herb
54. i Hedychium coronarium - Zingiberaceae Herb
55. i Hedyotis sp - Rubiaceae Herb
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56. i Hyptis suaveolens - Lamiaceae Herb
57. i Justicia simplex - Acanthaceae Herb
58. i Kickxia ramosissima - Plantaginaceae Herb
59. i Leonotis nepetifolia - Lamiaceae Herb
60. | Ludwigia repens - Onagraceae Herb
61. i Majus rugosus - Scrophulariaceae Herb
62. | Martynia anua - Martyniaceae Herb
63. | Melilotus indica - Fabaceae Herb
64. i Mentha arvensis Pudina Lamiaceae Herb
65. { Ocimum gratissimum - Lamiaceae Herb
66. ; Oldenlandia corymbosa - Rubiaceae Herb
67. i Oxalis corniculata - Oxalidaceae Herb
68. | Persicarea barbata - Polygonaceae Herb
69. i Phyllanthus urinaria - Euphorbiaceae Herb
70. | Pilea microphylla - Urticaceae Herb
71. | Ruellia prostrata - Acanthaceae Herb
72. i Sida acuta Kureta Malvaceae Herb
73. i Hemidesmus indicus - Asclepiadaceae Herb
74. i Sida cordata - Malvaceae Herb
75. i Spilanthes paniculata - Asteraceae Herb
76. i Urena lobata - Malvaceae Herb
77. i Veronica anagallis -aquatica - Plantaginaceae Herb
78. i Zornia diphylla - Fabaceae Herb
79. i Parthenium hysterophorus - Asteraceae Herb
80. i Celosia argetea - Amaranthaceae Herb
81. i Cyanotis axillaris - Commelinaceae Herb
82. i Nymphaea nouchali Shapla Nymphaeaceae Herb
83. i Curculigo orchioides - Hypoxidaceae Orchid
84. i Geodorum densiflorum - Orchidaceae Orchid
85. i Cuscuta reflexa Sarnalata Cuscutaceae Parasite
86. | Loranthus longiflorus - Loranthacaea Parasite
87. | Carex cruciata - Cyperaceae Sedge
88. i Carex filicina - Cyperaceae Sedge
89. i Cyperus rotundus - Cyperaceae Sedge
90. i Fimbristylis monostachya - Cyperaceae Sedge
91. i Abelmoschus moschatus Mushkdana Malvaceae Shrub
92. i Abroma angusta Ulat kambal Sterculiaceae Shrub
93. i Abutilon indicum - Malvaceae Shrub
94. i Agave sisalana - Agavaceae Shrub
95. i Allophyllus cobbe - Sapindaceae Shrub
96. { Annona squamosa Annanas Annonaceae Shrub
97. i Asparagus racemosus Satmuli Liliaceae Shrub
98. i Bauhinia vahlii - Caesalpiniaceae Shrub
99. i Bixaorellana - Bixaceae Shrub
100.; Calotropis gigantean Madar Asclepiadaceae Shrub
101.; Carissa spinarum Auka Kuli/huka Apocynaceae Shrub
102.; Cassia occidentalis - Caesalpiniaceae Shrub
103.; Chromolaena odoratum - Asteraceae Shrub
104.; Clerodendrum viscosum Ghato Verbenaceae Shrub
105.; Combretum roxburghii - Combretaceae Shrub
106.; Datura fastuosa - Solanaceae Shrub
107.; Flemingia strobilifera - Fabaceae Shrub
108.; Glycosmis pentaphylla - Rutaceae Shrub
109.; Helicteris isora Marodphali Sterculiaceae Shrub
110.; Ipomoea carnea Beshram Convolvulaceae Shrub
111, Lantana indica Lantana Verbenaceae Shrub
112.; Leea alata Kukur jiwa Leeaceae Shrub
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113.; Maytenus senegalensis - Celastraceae Shrub
114.; Mimosa rubicaulis - Mimosaceae Shrub
115.; Piper longum - Piperaceae Shrub
116.; Randia dumetorum Maidan Rubiaceae Shrub
117.; Solanum torvum - Solanaceae Shrub
118.; Tephrosia purpurea - Fabaceae Shrub
119.; Thespesia lampas Bankapas Malvaceae Shrub
120.; Vitex negundo Sandbhalu Verbenaceae Shrub
121.; Woodfordia fruticosa Dhai Lythraceae Shrub
122.; Zizyphus mauritiana Ber Rhamnaceae Shrub
123.; Zizyphus oenoplia Shiakul Rhamnaceae Shrub
124.; Cassia mimosoides - Mimosaceae Shrub
125.; Clausena heptaphylla - Rutaceae Shrub
126.; Pogostemone plectranthoide - Lamiaceae Shrub
127.; Acacia catechu Khair Mimosaceae Tree
128.; Adina cordifolia Haldu Rubiaceae Tree
129.; Aegle marmelos Bel Rutaceae Tree
130.; Aglaia roxburghiana Priyangru Meliaceae Tree
131.; Albizia odoratissima Jang Siris Mimosaceae Tree
132.; Albizia procera Safed Siris Mimosaceae Tree
133.;i Albizzia lebbek Kala siris Mimosaceae Tree
134.; Altsonia scholaris Saptparni Apocynaceae Tree
135.; Artocarpus lacucha Dhao Moraceae Tree
136.; Azadirachta indica Neem Meliaceae Tree
137.; Barringtonia actangula Neora Myrtaceae Tree
138.; Bauhinia purpurea Rakta Kanchan Caesalpiniaceae Tree
139.; Bauhinia variegata Khairwal Caesalpiniaceae Tree
140.; Bombax ceiba Semul Bombacaeae Tree
141.; Boswellia serrata Shalga Burseraceae Tree
142.; Bridelia retusa Kassi Euphorbiaceae Tree
143.; Buchanania latifolia Piyal Anacardiaceae Tree
144.; Butea monosperma Palas Papilionaceae Tree
145.; Canthium glabrum - Rubiaceae Tree
146.; Casearia graveolens Chilla Flacourticeae Tree
147.; Cassia fistula Sonari Rubiaceae Tree
148.; Cordia rothii Liar Boraginaceae Tree
149.; Croton caudatus Putla Euphorbiaceae Tree
150.; Dalbergia sissoo Sisham Fabaceae Tree
151.; Diospyros melanoxylon Tendu Ebenaceae Tree
152.; Ficus auriculata Dumur Moraceae Tree
153.; Ficus bengalensis Bargad Moraceae Tree
154.; Ficus racemosa Gular Moraceae Tree
155.; Ficus semicordata - Moraceae Tree
156.; Flacourtia jangomas Coffe plum Flacouticeae Tree
157.; Garuga pinnata Kharpat Burseraceae Tree
158.; Gmelina arborea Gambari Verbenaceae Tree
159.; Holarrhena pubescens Kurchi Apocynaceae Tree
160.; Holoptelea integrifolia - Ulmaceae Tree
161.; Lagerstrmoea parviflora Sidda Lythraceae Tree
162.; Lannea coromandelica Doka Anacardiaceae Tree
163.; Madhuca indica Mahwa Sapotaceae Tree
164.; Mallotus philippinensis Kamla Euphorbiaceae Tree
165.; Mangifera indica Aam Anacardiaceae Tree
166.; Melia azedarach Bakayan Meliaceae Tree
167.; Oroxylum indicum Sonpatti Bignoniaceae Tree
168.; Phoenix sylvestris Khajur Arecaceae Tree
169.; Phyllanthus emblica Amloki Euphorbiaceae Tree
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170.; Pongamia pinnata Papri Papilionaceae Tree
171.; Rhus chinensis Amlio Anacardiaceae Tree
172.; Schleichera oleosa Kusum Sapindaceae Tree
173.; Semecarpus anacardium Bhela Anacardiaceae Tree
174.; Shorea robusta Sal Dipterocarpaceae Tree
175.; Spondias pinnata Amra Anacardiaceae Tree
176.; Sterculia urens Kullu Sterculiaceae Tree
177.; Streblus asper Sahora Moraceae Tree
178.; Syzygium cumini Kala Jamb Myrtaceaer Tree
179.; Tectona grandis Teak Verbenaceae Tree
180.; Terminalia arjuna Avrjun sal Combretaceae Tree
181.; Terminalia bellirica Bahera Combretaceae Tree
182.; Terminalia chebula Haritaki Combretaceae Tree
183.; Terminalia tomentosa Asan Combretaceae Tree
184.; Alangium salvifolium Ankolamu Alangiaceae Tree
185.; Ficus hispida Dumar Moraceae Tree
186.; Wendlandia exserta - Rubiaceae Tree
(source: JICA Study Team)
a)

Cadenthera ulginosa var. birbhumensis Cuscuta sharmanum Hydrocotyle himalaica
Chatterjee 1940 18
Acer osmastonii  Begonia rubella Calamus inermis

Hypericum assamacum and Dalbergia duarensis

Cymbidium eburnum

b)

600 m Acer osmastonii Begonia rubella B.
satrapsis Calamus inermis Codonopsis affinis  Cymbidium eburnum  Phoenix rupicola

Red data book of Indian plants 1987

Figure 11.6.2-3

Ajodhya Table 11.6.2-3

Table 11.6.2-4
Shorea robusta Bauhinia
variegata Desmodium gangeticum Ficus auriculata F. racemosa F. semicordata

18 Ramananda Chatterji (1940), The Bratachari movement, Bengal Bratachari Society
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Shorea robusta Sal  Terminalia tomentosa Schleichera trijuga
Mangifera indica Tectona grandis Butea monosperma
Holarrhena pubescens Diospyros melanoxylon Lagerstroemia parviflora Mallotus philippinensis
Terminalia bellerica

s

Ficus auriculata (Food)

- B

Semicrpus anacardium (Food)_
(source: JICA Study Team, November 2017)

Figure 11.6.2-3 Some of Useful Plants Observed in Turga PSP Area

Sondias pinnata (Food)
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Table 11.6.2-3 List of Medicinal Plants and Their Uses Found in Turga PSP Area

No Botanical Name Local name Plant parts used Medicinal uses
1. i Abelmoschus moschatus Mushkdana Leave & roots The decoction of seeds is given internally for vomiting disorder and leave paste is used to cure of itch.
2. i Abroma angusta Ulat kambal Leave Fried leaves are used as remedy for Abortifacient, jaundice and piles.
Decoction of seed 1s used as an antidote against snake, scorpion, dog and cat bite. Leaf juice & paste
3. | Achyranthes aspera Bankhat Whole plant with a pinch of salt is_applied to cure _skl% infection due to ring worm. e,
4. Andrographis paniculata Kalmegh Leave gir;grlggr\ge of this plant are used as a tonic (leaf-juice, mixed with water and preserved) for digestive
R : Leaf and root paste are mixed with water and fed at empty stomach at morning to cure asthma and
5. i Artemisia nilagirica Teetapati Leave, Roots intestinal parasites.
6. | Asparagus racemosa Satmuli Leave and fruits Paste is given to cure despepsia, constipation and enxiety
: P~ : Soft, new born leaves of the plant are eaten after boiling during the months of December to April. It Is
7. Azadirachta indica Neem Leave, fruit believed to stimulate digestl%e system and cures skin d%ease, stomach problem & blood purifying.
8. | Bauhinia purpurea Rakta Kanchan Root & flower Root paste is applied externally to cure joint pain and flower is used as Carminative
Root, bark, latex,; Root & seed paste Is used to cure skin diseases. Latex mixed with honey Is recommended to cure piles
9. | Butea monosperma Palash seed and stomach trouble, Astringent. Decoction of bark is taken to cure diarrhea.
: : : Roots are collected, washed thoroughly and filtered extract is taken as medicine after mixing a little amount
10.  Cissampelos pareira Aknadi Roots of sugar and water with it at alternate days for curing of fever and female periodic problem.
- Extract of leaves, flowers and roots, mixed with water are taken for the treatment of intestinal tract
11.§ Clerodendrum viscosum Ghato Leave, flower, Roots infection (vermifuge or anthelmintic)
12.} Cuscuta reflexa Sarnalata Whole plant The juice of the plant, mixed with the juice of Saccharum officinarum, is used in the treatment of jaundice.
13.{ Cyperus rotundus Mutha ghas Tuber Tuber is in uses to cure chronic dysentery and indigestion
Lo ; Juice of the whole plant (tonic) is used as diuretic and treatment of fever,cough & cold (usually
14.} Evolvulus alsinoides Sankhpuspi Whole plant administrated with holi basil)
] ] ) ) Fruit is boiled with sesamum (til) oil, cooled and then the filtered oil (2-3 drops) Is poured into the ear for
15. i Helicteres isora Marodphali Fruits & roots odglgesm éjlseases. The decoction of the root mixed with turmeric powder is applied externally to treat cut
and wounds.
: Stem bark infusion with honey Is taken once a day for treatment of dysentery. Bark and seeds of the
16. | Holarrhena pubescens Kuruchi Bark, seed & flower plant and black pepper are mixed together and powder is taken orally to treat malarial fever.
17.{ Leonotis nepetaefolia Bonga taini Leave and flower Decoction of leaf and flower is given to breast inflammation and burns
) ) o Leaves of this plant are used from ancient days by the villagers as a *Medicine’ which can be eaten
18. i Mintha arvensis Carminative Leave as such way by chewing, preparing an extract from green leave, preparing sauce (Chatani). It is used as
carmative & digestive tonic.
. . : Ripe fruit of this plant is eaten during winter season as protective and curative agent for digestive
19. Phyllanthus emblica Amloki Fruit problem and it is also a Vitamin C rich fruit.
20. | Rubia cordifolia Manjistha Leave and roots Leaves and root paste are used to heal cuts and wounds.
: . : Fruits of the tree are eaten to cure of anthelmintic. Extracted seed oil is massaged twice a day for one
21.: Semicarpus anacardium Bhela Fruit & seed week for body pain.
22. i Sida corda - Whole plant Leave, flower and root are crushed and the paste mixed with water used for control of blood vomiting




TL-T1

No. Botanical Name Local name Plant parts used Medicinal uses
23.| Spilanthus paniculata Akarkara Leave and flower "I:{)eostm ggcr)]téng leaves and flowers are chewed at early morning preferably in empty stomach to treat

oo L : Half ripe fruit is used as purgative. Decoction of the green fruitis used for cough. Pulp of the fruit is
24.} Terminalia bellirica Bahera Fruits useful |pn dysenteric diarrhoea, and piles.

S o . One teaspoonful of fruit powder is given with warm water once daily before going to bed for digestive
25.{ Terminalia chebula Haritaki Fruit and seeds problem and laxative.
26. i Thespesia lampas Bankapas Fruit and seed Paste of fruit mixed with water taken for bodyache and muscle pain

: . Juice of tender leaves Is used for treatment of cold and fever. Powdered flower are given with milk to

27. | Vitex negundo Nishindha Leave and flower treat vermifuge, diarrhoea and cardiac disorders.
28.1 Woodfordia fruticosa Dhai Flower and leave Stimulant in seminal weakness, pregnancy, astringent, leave paste is used in diarrhea, dysentery problem.

(source: JICA Study Team)




Table 11.6.2-4 Some of Food Plants Observed in Turga PSP Area

Species Local Name Family Part used
Aegal marmelos Bael Rutaceae Fruit
Bauhinia purpurea Rakto Chandan Caesalpiniaceae Flower buds
B. variegata Gaiwral Caesalpiniaceae Flower buds
Bombax ceiba Simul Bombacaceae Fruits
Boswellia serrata Shalga Burseraceae Fruits
Carissa spinarum Huka Apocynaceae Fruits
Chenopodium album Bhetu Chenopodiaceae Leaves
Colocasia esculenta Kachu Araceae Tubers
Dioscorea bulbifera Chuprialu Dioscoreaceae Fruits
Ficus auriculata Dumur Moraceae Figs
Madhuca indica Mohua Sapotaceae Seeds
Nymphaea nouchali Shapla Nymphaeaceae Stem
Phyllanthus emblica Amloki Euphorbiaceae Fruits
Randia dumatorum Madan Rubiaceae Fruits
Schleichera trijuga Kusum Sapindaceae Fruits
Spondias pinnata Amra Anacardiaceae Fruits
Zizyphus mauritiana Ber Rhamnaceae Fruits
Zizyphu oenoplea Ber Rhamnaceae Fruits

a)

EIA

(source: JICA Study Team)

District Forest Officer (DFO)

Table 11.6.2-5

Table 11.6.2-5 List of Mammal Species reported in Turga PSP Area

Common name Family Scientific name Gonservation Status
IUCN IWPA

Rhesus macaque Cercopithecidae Macacamulatta LC 1l

Common Langur Colobidae Presbytia entellus LC 1l

Jungle Cat Felidae Felischaus LC 1l

Golden Jackal Canidae Canisaureus LC 1l

Indian Fox Canidae Vulpesbengalensis LC 11l
Common Mongoose Herpestidae Herpestesedwardsii LC v
Wild Boar Suidae Susscrofa LC 1"l
Indian Hare Leporidae Lepusnigricollis LC v
Sahi- Porcupine Hystricidae Atherurusmacrourus LC I\
Indian Palm Squirrel Sciuridae Funambuluspalmarum LC v
Five Stripped Squirrel Sciuridae Funambuluspennantii LC 1l

Bandicoot Rat Muridae Bandicotabengalensis LC \
Indian house rat Muridae Rattusrattus-refescena LC \
Indian Field Rat Muridae Musbooduga LC \
Long-tailed Tree Mouse Muridae Vandeleuriaoleracea LC -

Indian Bush Rat Tupaiidae Golundaellioti LC \
House Shrew Tupaiidae Suncusmurinus LC -

Indian Flying Fox Pteropodidae Pteropusgiganteus LC \
Short-nosed Fruit Bat Pteropodidae Cynopterus sphinx sphinx LC v
Bearded Sheath Tailed Bat | Emballonuridae Taphozousmelanopogo n LC V
Indian Pygmy Bat Vespertilionidae Pipistrellustenuis LC \
Yellow House Bat Vespertilionidae Scotophiluskuhlii LC \%

(source: JICA Study Team)

(note: Recorded only from Forest Working Plan, however, not direct cited.)

11-72


http://en.wikipedia.org/wiki/Emballonuridae

16 25 Rhesus Macaque

Common Langur

Jungle Cat
Jackal
Wild Boar
Grey Mongoose Brush-tailed Porcupine
Indian Hare
Pangolin
Tree Shrew
b)
66
Table 11.6.2-6
Table 11.6.2-6  List of Avi-Fauna reported in Turga PSP Area
Family/Scientific Name Common Name Residential Status* Threat Status**

Accipitridae
Accipiter badius(Gmelin) Shikra R LC
Gyps bengalensis Bengal Vulture R LC
Aquila refax Towny Eagle- Oukab R LC
Anatidae
Sarkidiornismelanotos Comb Duck R LC
Ardeidae
Egrettagarzetta (Linnaeus) Little Egrets R LC
Egrettaintermedia Intermediate Egret R LC
Bubulcuscoromandus (Linnaeus) Cattle Egret R LC
Ardeolagrayii (Linnaeus) Indian Pond Heron R LC
Burhinidae Stone Curlew R LC
Burhinusoedicnemus Indian Stone-curlew R LC
Capitonidae
Megalaimahaemacephala | Coppersmith Barbet | R | LC
Cisticolidae
Priniasocialis | Ashy Prinia | R | LC
Ciconiidae
Mycterialeucocephala Painted Stork LM LC
Anastomusoscitans Asian Openbill LM LC
Phalacrocoracidae
Phalacrocoraxniger(Vieillot) Little Cormorant R LC
PhalacrocoraxfuscicollisStephens Indian Shag /Cormorant R LC
Columbidae
Columba liviaGmelin Blue Rock Pigeon | R LC
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Family/Scientific Name Common Name Residential Status* Threat Status**
Treronphoenicoptera Harial -green pigeon R LC
Streptopeliasenegalensis (Linnaeus) Little Brown Dove R LC
Streptopeliadecaocto EuraisionCollor dove R LC
Streptopeliachinensis Spotted Dove R LC
Corvidae
CorvusmacrorhynchosWagler Jungle Crow R LC
CorvussplendensVieillot House Crow R LC
Dendrocittavagabunda(Latham) Indian Treepie R LC
Cuculidae
Eudynamysscolopacea(Linnaeus) Asian Koel R LC
Centropussinensis(Stephens) Greater Coucal R LC
Hierococcyxvarius(Vahl) Brainfever Bird R LC
Strigidae
Athenebrama(Temminck) Spotted Owlet R LC
Bubo benghalensis(Linnaeus) Indian Eagle-Owl R LC
Alcedinidae
Alcedoatthis(Linnaeus) Small Blue Kingfisher R LC
Halcyon smyrnensis(Linnaeus) White  breasted Kingfisher R LC
Daniidae
Laniuscristatus | Brown Shrike R LC
Muscicapidae
Copsychussaularis | Oriental magpie-robin R LC
Meropidae
MeropsorientalisLatham | Small green Bee-eater R LC
Family : Coraciidae
Coraciasbenghalensis(Linnaeus) | Indian Roller-Blue jay R LC
Family : Upupidae
UpupaepopsLinnaeus | Common Hoopoe R LC
Family : Picidae
Dendrocoposnanus(Vigors) Brown-capped Pygmy R LC
Dendrocoposmahrattensis(Latham) Yellow-fronted Pied R LC
Dinopiumbenghalense(Linnaeus) Lesser Golden-backed R LC
Family: Passeridae
Subfamily : Passerinae
Passer domesticus(Linnaeus) | House Sparrow R LC
Subfamily : Ploceinae
PloceusPhilippinus(Linnaeus) | Baya Weaver R LC
Family : Motacillidae
AnthusrufulusVieillot | Paddyfield Pipit R LC
Family : Pycnonotidae
Pycnonotuscafer(Linnaeus) | Red-vented Bulbul R LC
Family : Laniidae
Turdoidescaudatus(Dumont) Common Babbler R LC
Turdoidesstriatus(Dumont) Jungle Babbler R LC
Orthotomussutorius(Pennant ) Common Tailorbird R LC
Phylloscopusfuligiventer Smoky Warbler R LC
Family : Nectariniidae
Nectariniaasiatica(Latham) | Purple Sunbird R LC
Family:Phasianidae
Francolinuspondicerianus(Gmelin) Grey Francolin-Teeter R LC
PavocristatusLinnaeus Marrah Peacock R LC
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Family/Scientific Name Common Name Residential Status* Threat Status**
Family : Charadriidae
Vanellusindicus(Boddaert) Red-wattled Lapwing R LC
Metopidiusindicus Bronjed winged jacana R LC
Psittaculidae
Psittaculakrameri(Scopoli) Rose-ringed Parakeet R LC
Sturnidae
Acridotheresfuscus(Wagler) Jungle Myna R LC
Acridotherestristis(Linnaeus) Common Myna R LC
Sturnus contra Linnaeus Asian Pied Starling R LC
Sturnuspagodarum(Gmelin) Brahminy Starling R LC
Gracupica contra(Linnaeus) Pied Myna R LC
Family : Dicruridae
DicrurusmacrocercusVieillot Black Drongo R LC
Dicruruscaerulescens(Linnaeus) White-bellied Drongo R LC
Dicrurusleucophaeus Ashy drongo R LC
Family : Oriolidae
Oriolusoriolus(Linnaeus) Eurasian Golden Oriole R LC
Orioluskundoo Indian Golden Oriole M LC
Estrildidae
Lonchuramalabarica | Indian Silverbil | R | LC
Irenidae
Chloropsis cochinchinensis | Blue-winged Leaf Bird | R | LC
Megalaimidae
Megalaimahaemacephala | Coppersmith Barbet | R | LC

(source: JICA Study Team)

(note: *Residential status: R- Resident; LM-Local Migrant
**Threat Status: LC- Least Concern, according to Indian category quoted from “The Red Data Book
on Indian Animals (Edited and Directed by Zoological Survey of India, Calcutia, 1994)”)

11.6.2-7
IUCN

Table 11.6.2-7

DFO

10 18
LC

EIA
Table

List of Reptiles & Amphibians reported in Turga PSP Area

Scientific Name Common Name Family Status WPA/IUCN**
Hemidactylisbrooki House Gecko Gekkonidae -
Gekko gecko lizard Gekkonidae -
Eublepharishardwickii Hill lizard Gekkonidae -/LC
Calotesversicolor Kakru Garden Agamidae -
Psammophilusblanfordanus Rock Agama Agamidae IV/LC
Varanusbengalensis Moniter Lizard Varanidae I/LC
Mabuyacarinata Common skink Scincidae - /LC
Ptyasmucosus Rat Snake Dhamna Colubridae IV/LC
Najanaja** Indian /Ayang Cobra Elapidae I/LC
Viperarusseli** Viper Elapidae IvV/LC
Xenochrophispiscator** Common Water Snake Colubridae IvV/LC
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Scientific Name Common Name Family Status WPA/IUCN**
Amphiesmastolata Buff-striped keelback Colubridae vV/-
Lycodonjara Twin-spotted Wolf Snake Colubridae IV/LC
Bungarusfasciatus Sakhamuti- Banded krait Elapidae IV/LC
Bufomelanostictus Common indian toad Bufonidae IVILC
Bufoviridis Common toad Bufonidae IVILC
Ranaspp Common Frog Ranidae IV/LC
Laloulapulchera Banded Tree Frog Microphylidae IV/LC

(source: JICA Study Team)

(note: * WPA: Wildlife (Protection) Act 1972; LC: Least Concerned, NT: Near Threatened, VU: Vulnerable
**Secondary data based)

d)

o1
IUCN

Table 11.6.2-8

LC

Table 11.6.2-8 List of Butterfly Species spotted in Turga PSP Area

L . Occurrence Season*
Common Name Scientific Name Family

PM S M
Common Indian Crow Euploea core core(Cramer) Danaidae + + +
Indian Palm Bob Suastusgremius Hesperidae - - +
Grass Demon Udaspesfolus Hesperidae - - +
Plum Judy Abisaraecherius Lycaenidae - - +
Large Oak Blue Arhopalaamantes Lycaenidae - - +
Elbowed Pierrot Caletaelnanoliteia Lycaenidae + - -
Forget-me-not Catochrysopsstrabo Lycaenidae - - +
Dark Cerulean Jamidesbochus Lycaenidae + - +
Common Cerulean Jamidesceleno Lycaenidae + - +
Yamfly Loxuraatymnus Lycaenidae - - +
Common Acacia Blue Surendraquercetorum Lycaenidae - - +
Assam Pierrot Tarucusvenosus Lycaenidae + - -
Tawny Coster Acraeaviolae (Fabricius) Nymphalidae - + +
Colour Sergeant Athymanefte Nymphalidae - + +
Common Sergeant Athymaperius (Linnaeus) Nymphalidae - + +
Leopard Lacewing Cethosiacyane Nymphalidae - - +
Common / Plain Tiger Danauschrysippus (Linn.) Nymphalidae - + +
Striped Tiger Danausgenutia (Cramer) Nymphalidae - + +
Gaudy Baro Euthalialubentina Nymphalidae - - +
Great Eggfly Hypolimnasbolina (Linn.) Nymphalidae + + -
DanaidEggfly Hypolimnasmissipus(Linn.) Nymphalidae + +
Peacock pansy Junonia almanac (Linnaeus) Nymphalidae + +
Blue Pansy Junoniaorithya (Linn.) Nymphalidae + +
Bright-eye Bushbrown Mycalesis patina Nymphalidae + - -
Common Bushbrown Mycalesisperseus Nymphalidae + -
Glassy Tiger Paranticaaglea Nymphalidae + -
Common Leopard Phalantaphalantha(Drury) Nymphalidae + -
Common Baronet Euthalianais(Baronet) Nymphalidae +
Grey Count Tanaecialepidea Nymphalidae - -
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o . Occurrence Season*
Common Name Scientific Name Family

PM S M
Common Fourring Ypthimahubneri Nymphalidae + + +
Himalayan Fivering Ypthimasakra Nymphalidae - + +
Common Mime Chilasaclytia Papilionidae + - +
Glassy Bluebottle Graphiumcloanthus Papilionidae + + -
Common Jay Graphiumdoson (C.&R. Felder) Papilionidae + + +
Common Sailer Neptishylas Papilionidae + + +
Common Rose Pachlioptaaristolochiae Papilionidae + - +
The Blue Mormon Papiliopolymnestor Papilionidae + + -
Common Mormon Papiliopolytes Papilionidae + +
Great Zebra Pathysaxenoclesphrontis - Papilionidae - -
Yellow Helen Pricepsnepheluschoan Papilionidae + - +
Orange Albatross Appiasnero Pieridae + -
Pioneer Belenoisaurota Pieridae + - -
Common Emigrant Catopsilia Pomona (Fabricius) Pieridae - + +
Mottled Emigrant Catopsiliapyranthe (Linnaeus) Pieridae - + +
The Common Gull Ceporanerissaphryne (Fabricius) Pieridae - + +
Red Spot Jezebel Deliasdescombesi Pieridae + + -
Common Jezebel Delias eucharis Pieridae + + +
Small Grass Yellow Euremabrigitta (Cramer) Pieridae + + +
Common Grass Yellow Euremahecabe (Linnaeus) Pieridae + + +
Psyche Leptosianina Pieridae + - -
Common Wanderer Pareroniavaleria Pieridae - - +

(source: JICA Study Team)
(note: * M: Monsoon Season, PM: Post-monsoon Season, S: Summer Season)

3} Elephas maximus

Elephas maximus

2017

10

Figure 11.6.2-4

11

Figure 11.6.2-5
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_r. 5

¢) Food mark (tree root)

d) Food mark (tree bark) e) Skin hair (attached to a tree bark) f) Droppings
(source: JICA Study Team, November 2017)

Figure 11.6.2-4  Field Signs of Asian Elephants’ Migration in the Project Area
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Figure 11.6.2-5 Estimated Elephants’ Migration Paths in the Project Area

Purulia DFO

Hulla party Figure 11.6.2-6
DFO
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(source: JICA Study Team)

Figure 11.6.2-6 Organized Hulla Party by Local Residents

Figure 11.6.2-7

DFO Local Range Office ::]L;'t'fu'zggr{
stakeholder committee Stakeholder Forest Protection
Committee Committee Member
Contractor Villagers <
CICH : b))
Block Development (source: JICA Study Team)
Officer BDO DFO ) o
Figure 11.6.2-7 Schematic Diagram of
WBSEDCL .
Communication System for Elephants
DFO BDO
WBSEDCL
Purulia
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DFO

20 PPSP

Figure 11.6.2-8

PPSP

Stone Fence BuiItArd e Quarry Area
(source: JICA Study Team, October 2017)
Figure 11.6.2-8 Example of Fence to Avoid Elephants from Entering into the Project Site

Former Quarry Area of PPSP Construction

—~

3)

1

TPSP 6,816 30cm
WBSEDCL 2017 7 31 Purulia DFO
Table 11.6.2-9  Figure 11.6.2-9

Table 11.6.2-9 Summary of Forest Patches to be Diverted

Lower reservoir area 52.75 904

Hatinada 10.05 1,302

Dulgubera Rocky Quarry 3.06 360

Kudna 14.22 248

Hodhadi Rock Clay, Switchyard, Penstock & Road 30.43 1,897

Upper reservoir area 108.96 515

Upper clay area, Construction facility, Stockpile area & 1453 1,590
Road

234.00 6,816

(source: http://forestsclearance.nic.in/viewreport.aspx?pid=FP/WB/HYD/8214/2014 (accessed in August 2018))
(note: mapped by JICA Study Team)
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(source: http://forestsclearance.n-ic.in/viewreport.aspx?pia=FP/WB/YD/8214/2014 ad http://earth.google.com
(accessed in August 2018))

(note: JICA Study Team drew figures on the snapshot of Google Earth Pro.)
Figure 11.6.2-9 Location of Forest Area to be Diverted for the Project Facilities

2)
WBSEDCL 30cm 6,816
WBSEDCL
Table 11.6.2-10
Table 11.6.2-10 Measured Tree Composition in Each Patch (recalculation result)

Local name Botanical name Patch-1 ~ Patch-2 ~ Patch-3 ~ Patch-4  Patch-5  Patch-6  Patch-7 Total
Akar Alangium salvifolium 1 3 0 2 10 1 7 24
Akashmoni Acacia auriculiformis 0 0 0 0 2 0 0 2
Am Mangifera indica 1 0 0 0 1 1 1 4
Amloki Phyllanthus emblica 1 1 0 0 3 7 4 16
Amra Spondias pinnata 0 0 0 1 3 0 1 5
Amru (unidentified) 9 0 0 21 42 38 8 118
Arjun Terminalia arjuna 0 6 0 0 0 1 2 9
Asan Terminalia tomentosa 19 30 2 14 60 24 70 219
Bahra Terminalia bellirica 2 10 2 2 3 11 7 37
Bakul Mimusop elengi 1 0 0 1 1 0 1 4
Batt Ficus benghalensis 1 0 2 2 0 9 19
Behochi (unidentified) 0 0 0 0 0 2 0 2
Bel Aegle marmelos 34 3 0 0 22 1 13 73
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Local name Botanical name Patch-1 Patch-2 Patch-3 Patch-4 Patch-5 Patch-6 Patch-7 Total

Bhela Semicarpus anacardium 7 53 25 12 85 43 80 305
Challa (unidentified) 1 9 0 0 33 0 27 70
Chatni Alstonia scholaris 0 4 0 0 1 0 1 6
Cheka Kural Bauhinia variegata 5 5 0 8 11 8 5 42
Churchu Casearia tomentosa 3 4 1 0 9 4 6 27
Dhaman Grewia tiliifolia 0 0 0 0 2 1 1 4
Dhaw Anogeissus latifolia 19 31 6 14 7 25 81 253
Doka Lannea coromandelica 92 20 1 47 144 20 59 383
Dumur Ficus hispida 0 0 2 2 3 9
Gammar Gmelina arborea 0 0 0 1 1 2
Golgol Cochlospermum 92 0 0 8 102 0 0 202
gossypium
Haritaki Terminalia chebula 12 31 7 5 27 7 40 129
Jam Syzygium cumini 0 7 0 0 0 0 3 10
Jor Ficus religiosa 0 0 0 0 3 0 0 3
Karam Anthocephalus kadamba 1 4 0 0 14 8 18 45
Karanch (unidentified) 3 137 14 1 49 4 46 254
Kari Murraya koenigii 3 12 6 0 19 15 26 81
Kasai Bridelia retusa 0 0 0 0 3 0 0 8
Kend Diospyros tomentosa 4 21 8 2 16 5 21 7
Khejur Terminalia catappa 70 0 0 0 0 0 0] 70
Kowa Garcinia sp., 3 0 0 0 0 0 0
Kukurpan (unidentified) 0 0 0 0 0 0 1
Kul Ziziphus maurtiana 0 0 0 0 0 1 0
Kurchi Holarrhena pubescens 0 11 0 0 5 2 24 42
Kusum Schleichera trijuga 1 0 0 1 5 12 9 28
Lipsi Dalbergia lanceolaria 1 3 0 6 10 1 5 26
Lohajangi Ixora arborea 2 6 0 1 21 12 16 58
Mahul Madhuca indica 7 0 1 1 7 2 5 23
Minjiri Senna siamea 0 16 0 0 34 0 32 82
Murga Pterocarpus marsupium 1 1 0 0 5 9 2 18
Neem Azadirachta indica 2 1 0 0 0 0 1 4
Nehri (unidentified) 3 9 3 0 12 1 7 35
Oahu (unidentified) 0 0 0 0 3 0 1 4
Pajan (unidentified) 0 0 0 1 2 0 4 7
Pakar Ficus rumphii 1 0 0 2 3 0 0 6
Palash Butea monosperma 53 127 9 4 26 5) 30 254
Paldha Terminalia cattapa 19 0 0 8 38 1 3 69
Pelhe (unidentified) 0 0 0 0 0 8 2 10
Piyal Buchanania latifolia 3 4 11 0 7 7 7 39
Putla Croton caudatus 0 3 0 0 0 4 0 7
Roya (unidentified) 0 1 0 0 2 0 1 4
Sal Shorea robusta 254 488 97 838 744 161 707 2,484
Salga Boswellia serrata 29 3 0 13 27 3 14 89
Saol (unidentified) 1 1 0 0 3 2 7
Satso (unidentified) 0 17 5 1 1 24
Segun Tectona grandis 4 0 61 0 8 0 8 81
Sidha Lagerstroemia parviflora 22 210 14 2 112 22 124 506
Simul Bombax ceiba 19 3 0 9 25 17 15 88
Sirish Albizzia lebbek 4 2 0 3 8 15 9 41
Sishu Dalbergia sissoo 0 0 0 0 0 0 3 3
Sonali Cassia fistula 2 2 0 0 5 0 13
Telhe (unidentified) 86 3 0 7 32 0 10 138
Tetul Tamarindus indica 0 0 0 0 0 2 0 2
Uc (unidentified) 1 15 92 0 2 0 2 112
Total 904 1,302 360 248 1,897 515 1,590 6,816

(source: WBSEDCL (2017), JICA Study Team)
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3)

Carbon stock (ton-COy) = SV x

Bengal" (1985)
https://datadryad.org//handle/10255/dryad.235)

1.20

Table 11.6.2-11

150 1.70

WD x (1+[R/S]) x BEF x CF x (44/12)

SV: (m?3)
WD: (kg m3)
R/S:
BEF:
CF: (0.50, IPCC GPG )

44/12:

"Report on Forest Resources of Purulia District of West

Global Wood Density Database (2009,

0.25 050 2

2,695 4,582 ton-CO»

Table 11.6.2-11 Approximated Carbon Stock in Each Patch

Calc. Condition* Patch-1

Condition (1)
Condition (2)
Condition (3)
Condition (4)
Condition (5)
Condition (6)

345
414
431
517
488
586

Patch-2

525
629
656
787
743
892

Patch-3

110
132
137
165
156
187

(unit: ton-COy)
Patch-4 Patch-5 Patch-6 Patch-7 Total

109 771 153 683 2,695
131 925 183 820 3,234
136 963 191 854 3,369
163 1,156 229 1,025 4,043
154 1,092 217 968 3,818
185 1,310 260 1,162 4,582

Condition (1): R/S=0.25, BEF=1.20 (minimum) Condition (4): R/S=0.50, BEF=1.50
Condition (2): R/S=0.50, BEF=1.20 Condition (5): R/S=0.25, BEF=1.70
Condition (3): R/S=0.25, BEF=1.50

* Calculation conditions are as follows.

Condition (6): R/S=0.25, BEF=1.70 (maximum)

11.6.3
1)
DPR EIA
234 ha 58 ha
19 ROW

ROW

(source: JICA Study Team)

11.4
292 ha
1.7 km 46 m1® 7.82 ha

MOEF Guideline No. F.NO. 7-25 /
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234 ha 11.12

2018 4 MoEFCC 58 ha 34 ha
WBSEDCL 24 ha WBSEDCL
Purulia
WBSEDCL Kudna 4.98 ha
11.14
ROW 7.82 ha
)
WBSEDCL DPR EIA
WBSEDCL
Purulia
WBSEDCL CSR
Purulia WBSEDCL
Purulia CSR
@)
2011
20 8 12,763
3,532 27.7 Santhal
Bhumij 2
2012 - FC dt 05/05/2014 400 kv 2 ROW  46m
2 255 7 53 2 18.5 Baghmundi Block 13
6 25.1% 3 4 ST
2L Constitution (Scheduled Tribes) Order 1950 ST Part XV (West
Bengal) 2011 Santhal 250
Jharkhand 275 Odisha 89 Bihar 40 Tripura 2,900 Bhumij
Jharkhand Odisha 38 21 28
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2 OP4.10
1) 8
2)
collective attachment
3)

BDO  Gram Panchayat

23 4)
5)
Santhal Santhali  Olchiki
Bhumij
ST 24 NTFP

WBSEDCL
WBSEDCL the Scheduled Tribes
and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act BDO Ajodhya
Gram Panchayat Office Baghmundi Gram Panchayat Office ~ Panchayat

no objection letter

Baghmundi
footpath Santhal

WBSDCL
Santhal 11.14

22 \West Bengal Scheduled Castes and Scheduled Tribes (Identification) Act, 1994

23 \West Bengal Scheduled Castes and Scheduled Tribes (Reservation of Vacancies in Services and Posts) Act, 1976

2 8T LPG
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4)
WBSEDCL

Purulia
2,000

®)
240ha ROW

WBSEDCL

(6)

()

WBSEDCL Purulia
CSR

(8)

)

WBSEDCL
Block
Development Office

(10)

EIA 200 800 1,000
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4,000

(11)

Ram Mandir

Gosaidi

Vaishno Devi

(12)

(13)

Purulia
BDO
Baghmundi self-help group

(14)

Child Labour (Prohibition and Regulation) Amendment Act, 2016

18 WBSEDCL

(15)

Purulia

(16)

18

WBSEDCL
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11.6.4

M)

)
Turga

11.7

CO2

JICA

Annex 11-2
556,312 t-CO,

Table 11.7-1 Results of Environmental and Social Impact Assessment for the Turga SPP and

Related Facilities

Item

Impact

Assessment based

w
o
o

ping

Survey result

Pre-/
constructi
on Phase

Operation
phase

Pre-/
constructi
an Phase

phase

Results

1 Air Quality

o]
d

O

o]
d

o| Operation

Construction phase: Dust will be generated in the land
preparation and other construction work, but the impact will
remain temporary. Generation of air pollutants (SOx, NOx, etc.)
could be expected from the operation of heavy machinery and
trucks, but the impact will stay within the surrounding area.
Operation phase: SOx, NOx, PM/dust will not be generated by
the operation of the power plant.

2 Water Quality

Construction phase: Water turbidity will be caused by the
excavation work, but the impact will be temporary. There might
be impacts caused by the concrete wastewater and
oil-containing wastewater if not controlled.

Operation phase: Possibility of water turbidity through the
adverse impact on aquatic life caused by elevation difference of
two dam sites will be predicted.

3 Soil Quality

Pollution Controll

Construction phase: Soil pollution will possibly be caused by
leakage of lubricants and fuel oil from construction vehicles and
machinery.

Operation phase: There is no specific negative impact
anticipated as no case of soil pollution has been confirmed in
the operation of the existing power plant facilities in Turga PSP
and with the limited number of personnel at work there.

4 Sediment

Construction phase: Sediment pollution would possibly be
caused if construction wastewater flows into the lower dam.
Operation phase: Adverse impacts on aquatic life could not be
caused by elevation difference of two dam sites.

5 Noise and Vibration

Construction phase: Noise and vibration could be caused by
the operation of heavy machinery and trucks, and use of
dynamite. But it will be limited to the surrounding area.
Operation phase: Noise and vibration will not be experienced
on the surface as the power plant will be constructed
underground.
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Item

Impact

Assessment based

w
(=)
o

ping

Survey result

on Phase

Pre-/
constructi

Operation
phase

an Phase

Pre-/
constructi

phase

Results

Odor

o

O

@
d

o| Operation

Construction phase: Bad odors from rotten waste may occur in
the case that domestic waste from the workers’ camp is not
appropriately treated, but this would be very local.

Operation phase: There is no occurrence of odor from
domestic waste anticipated as the number of personnel at work
in the power plant facilities is limited.

Waste

Construction phase: General (domestic), industrial and
hazardous wastes would be generated during the construction
work.

Operation phase: General (domestic) waste, Industrial and
hazardous wastes would not be generated.

Subsidence

The impact is unknown at this moment. It will be identified in
due course during the geological survey.

Natural Environment

Protected areas

There is no specific negative impact expected.

Ecosystem

Construction phase: Forest land which accumulates
approximately 2,695 - 4,582 ton-CO, will be diverted.
Deforestation accompanying construction works will likely
affect mammals of Cercopithecidae and Felidae, and birds of
Picidae and Strigidae inhabiting in the forest area. Furthermore,
there is a possibility that migration pathes of local elephants will
be changed by sound and vibrarion in the construction phase.
But impact on elephants’ ecosystem may be not serious because
the migrations are found seasonally and there is a myriad of
bypass in the hill area. Besides, there is no endemic species in
the project area, so that wildlife may move to nearby forests and
water bodies with similar ecosystems in conjunction with noise,
vibration, worker and vehicle trafics in the construction phase.
Operation phase: There is no specific negative impact
expected

11

Hydrosphere

C-

C-

There is no specific negative impact expected.

12

Topography and

Geology

B-

The impact is unknown at this moment. It will be identified in
due course during the geological survey.

Social Environment

13

Land acquisition

N/A

There will be no permanent land acquisition or resettlement
under the project. An official letter for the stage-l1 forest
clearance of 234 ha of forest land diversion was issued by the
MOoEFCC in April 2018.

Construction phase: 34 ha of non-forest land (irrigation
reservoir) will be transferred from the 1&W Dept. Another 24 ha
non-forest land may possibly be used as borrow area. Although
possibility of loss of livelihood means may also occur due to the
land utilization at the WBSEDCL owned land in Kudna, no
involuntary resettlement is anticipated by any of the above land
use under the project.

Operation phase: There is no specific negative impact
anticipated.

14

Disturbance to Poor
People

C-/+

B-/+

B-/+

Construction phase: Most of the affected people and local
communities in the project impacted area are below poverty
line. The project design carefully examined by WBSDCL will
cause the least adverse impact on the residents including the
poor. Following the good practices in PPSP, WBSEDCL will do
local contributions by CSR activities, alongside the local area
development activities planned under the project.

Operation phase: There is no specific negative impact
anticipated as WBSEDCL will conduct CSR activities and look
after the affected people.

15

Disturbance to
Ethnic Minority
Groups and
Indigenous People

B-/+

Construction phase: There are STs residing in the project
impacted area, majority of whom are Santhal and some are
Bhumij. World Bank’s Safeguard Policy (OP4.10) for
indigenous peoples is not applied to them sinse 1) they do not
show distinct indigenous cultural features different from the rest
of the residents, 2) their collective attachment were not
confirmed to geographically distinct habitats or ancestral
territories in the project area and to the natural resources there,
3) they do not have customary cultural, economical, social, or
political institutions separate from the rest local community, 4)
the STs below poverty line are covered under social welfare
program by the central and state governments, and 5) they speak
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Item

Impact

Assessment based

w
(=)
o

ping

Survey result

on Phase

Pre-/
constructi

Operation
phase
Pre-/

constructi

an Phase

Operation
phase

Results

Bengali in addition to their own language (Santhali or Olchiki)
except the illiterate. Their forest rights were officially reviewed
and no-objection letter has been collected. However, there still
left a possibility of loss of livelihood means at non-forest
government land among whom are Santhal.

Following the good practices in PPSP, WBSEDCL will do local
contributions during construction works, which will bring
benefits to all local people including STs.

Operation phase: There is no specific negative impact
anticipated as WBSEDCL will conduct CSR activities and look
after the affected people

16

Deterioration of
Local Economy such
as Losses of
Employment and
Livelihood Means

B-/+

B-/+

B+

Construction phase: Possibility of loss of livelihood means at
non-forest WBSEDCL land. Whereas for the rest local
communities, there will be least adverse impact anticipated to
the local economy. Instead, positive impact is anticipated such
as job opportunities and business opportunities directly and
indirectly during the construction period.

Operation phase: In case of PPSP, tourism and recreation were
enhanced as reservoirs are popular among local picnickers after
the commencement of operation. The same (or similar) positive
impact is anticipated during operation phase. Local economy
will keep enhanced as better access to social services and local
market throughout a year.

17

Land Use and
Utilization of Local
Resources

Construction phase: 234 ha of forest land will be altered.
There may be non-forest land use for 24 ha to collect clay core
materials, if the quantity and quality of soil collected in the
forest land does not reach the expected level. Out of 24 ha,
14.761 ha of private lands may be leased for certain period
during construction period, and so are 9.55 ha of WBSEDCL’s
former PPSP’s borrow areas.

Operation phase: There is no specific negative impact
expected

18

Disturbance to Water
Usage, Water Rights,
etc.

C C/D

Construction phase: Irrigation water and drinking water
currently taken at the existing irrigation reservoir will be kept
available by constructing a coffer dam next to the lower
reservoir. People residing nearby do fishing from time to time
occasionally for self-consumption and commercial purpose.
Coffer dam will make it possible to continue fishing activities
during the construction period, while the actual impact is
unknown yet and monitoring is required during the construction
period.

Operation phase: There is no specific negative impact
expected

19

Disturbance to the
Existing Social
Infrastructure and
Services

B-/+

Construction phase: Possible increase in traffic accidents by
increased traffic load in the Project area vicinity roads. On the
other hand, positive impact is anticipated such as infrastructure
development during the construction period. WBSEDCL has
been working on their CSR activities even after the construction
of PPSP, in which they developed road, school and health
facilities.

Operation phase: There will be least adverse impact
anticipated. In case of PPSP, tourism and recreation were
enhanced as reservoirs are popular among local picnickers after
the commencement of operation. The same (or similar) positive
impact is anticipated during operation phase.

Local economy will keep enhanced as better access to social
services and local market throughout a year.

20

Social Institutions
such as  Social
Infrastructure and
Local
Decision-making
Institutions

D N/A

N/A

There will be least adverse impact anticipated.

21

Misdistribution of
Benefits and Losses

There will be least adverse impact anticipated. WBSEDCL has
elaborated the local area development plan, with which the
entire project impacted area and surrounding area will be
benefited. There is an established mechanism of grievance at the
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Assessment based
ping Survey result

w
(=)
o

Results

Item

Impact

Pre-/
constructi
on Phase
Operation

phase

Pre-/
constructi
an Phase
Operation

phase

Block Development Office, which is accessable to local people
without difficulty.

22 | Local Conflicts of B- B- B-/+ D | Construction phase:According to the EIA, influx of outside
Interest people will reach 4,000 in total (1,000 project relevant people
(200 technical people and 800 construction workers) and their
family members, and subordinate people). Contractors will
conduct guidance for the outside workers to get adopted in the
local context.

Operation phase: There is no specific negative impact
expected

23 | Cultural Heritage B- C B- D | Construction phase: There is a small Hindu temple on the left
bank ridge of the planned lower reservoir. Since it is located on
the dam axis, the dam construction work will likely affect the
temple and people who visit it. It is better to shift it away during
construction period and rebuild it at higher elevation. According
to the interview with the local people residing nearby (Gosaidi
village) and the priest who serves at the temple, there is no
problem from religious perspective if the temple is relocated.
Operation phase: There is no specific negative impact
expected

24 | Landscape C C D D | There will be least adverse impact anticipated as most of the
project facilities will be constructed underground.

25 | Gender C C B+ D | There will be least adverse impact anticipated. In PPSP’s case,
there were job opportunities given to women as well, most of
which were unskilled ones. Facilitated and supported by BDO,
women in Baghmundi Block are presently active in self-help
group activities in which they work on handicrafts, grocery
shops, credit schemes, etc. Such group mechanism can be made
use of for enhancing positive impacts by the project.

26 | Children’s Rights C C D D | Construction phase: WBSEDCL will stricly abide the Indian
law on child labor.

Operation phase: No particular negative impact is predicted.
27 | Infectious Diseases B- D B- D | Construction phase: An inflow of construction workers may
cause / increase diseases if any prevention measures are not
undertaken.

Operation phase: No particular negative impact is predicted.
28 | Work Environment B- B- B- B- | Construction phase: During the site preparation and
(Including Work construction works, dust, noise, vibration will occur although
Safety) limited scale. Environment of workers’ camp or accommodation
facilities shall be properly managed with proper hygiene
guidelines and its enforcement.

Operation phase: Workers may get involved in accidents while
at work.

29 | Accidents B- B- B- B- | Construction phase: Increase of traffic volume may cause
traffic accidents if there are no appropriate controlling measures
are taken especially during the schooling time. Forest fire can
occur if any management measures are taken for controlling the
causes of fire, such as disposal of Tabaco by construction
workers’, etc. Accidents shall be prevented with proper
prevention guidelines and its enforcement.

Operation phase: Accidents at reservoirs and other related
facility area may occur if appropriate measures such as entry
restriction are not taken.

30 | Cross-boundary B- C+ B- D | The impact is calculated by the methodology directed by JICA.
Impact and Climate Since the water in the reservoirs circulates continuously
Change between the upper dam and the lower dam, remarkable gas
generation under anaerobic conditions such as methane (CH,) is
not foreseen.

Other

(source: JICA Study Team)
(note
A+/-: Significant positive/negative impact is expected.
B+/-: Positive/negative impact is expected to some extent.
C+/-: Extent of positive/negative impact is unknown. (Further examination is needed, and the impact may be clarified as the study
progresses.)
D: No impact is expected.)
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Table 11.7-2 Results of Environmental and Social Impact Assessment for Transmission Lines and
Related Facilities

Assesment based
Scoping Survey result
p% Impact - '% 3 .S o |~ '% b .S © Results
= bSE EQ (o2 f B8
T2 25|02 25
8 o 8 o

1 Air Quality B- D B- D | Construction phase: Production of dust is expected by land
preparation and other construction work, but the impact will be
temporary. Generation of air pollutants (SOx, NOx, etc.) is
predicted from the operation of heavy machinery and trucks, but
the impact will be limited to only the surrounding area.

_ Operation phase: air pollutants (SOx, NOx, etc.) will not be
°© generated by the operation of the transmission lines.
‘g 2 Water Quality B- D B- D | Construction phase: Soil runoff may occur from the exposed
o soil to the embankments and cut slopes, which may cause water
§ turbidity. The impact will however be temporary. The impact of
5 domestic wastewater and oil-containing wastewater is also
S expected.
Operation phase: No specific impact on water quality is
expected.

3 Noise & Vibration B- D B- D | Construction phase: Noise caused by heavy machinery and
trucks is predicted. Noise and vibration during the incubation
period and breeding season may affect the breeding of birds.
Operation phase: No specific noise and vibration is expected.

4 Protected area D D D D | Construction phase: There is no specific negative impact
expected
Operation phase: There is no adverse impacts to any protected
areas.

5 Ecosystem C- B- B- D | Construction phase: Deforestation accompanying construction
works will likely affect mammals of Cercopithecidae and

3 Felidae, and birds of Picidae and Strigidae inhabiting in the
g forest area. Besids, there is a possibility that migration pathes of
5 local elephants will be changed by sound and vibrarion in the
S construction phase. But impact on elephants’ ecosystem may be
i not serious because the migrations are found seasonally and
S there is a myriad of bypass in the hill area.
= Operation phase: There will be least adverse impact
z anticipated to the migration of birds because the height of the
steel tower to be constructed will be about 80 m.
6 Topography & C- C- B- D | Construction phase: Excavation works while construction of
Geology access roads, transmission tower site is risky activities with
regard to raising erosion risk.
Operation phase: No specific impact on topography and
geology is expected.

7 Land acquisition C D B- N/A | There will be no permanent land acquisition or resettlement

under the project.
Construction phase: 7.82 ha forest clearance (1.7 km-long and
46 m-wide) will be obtained from the Forest Department of
West Bengal State / Eastern Region MoEFCC for the ROW of
the transmission lines and towers. WBSETCL will apply the
forest clearance based on their technical survey results.
Operation phase: No specific impact is anticipated.
- 8 Disturbance to. Poor ¢ ¢ D D There will be least adverse impact anticipated.
= People
g 9 Disturbance to C C D D
% (Estrmls s Mmo:r%/ There will be least adverse impact anticipated.
u Indigenous People
2 10 | Deterioration of [ C C D )
3 Local Economy such
as Losses of There will be least adverse impact anticipated.
Employment and
Livelihood Means
11 | Land Use and B- D B- N/A | Construction phase: 7.82 ha of forest land will be altered.
Utilization of Local Operation phase: There is no specific negative impact
Resources expected
12 | Disturbance to Water C C D D
Usage, Water Rights, There will be least adverse impact anticipated.
etc.
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13 | Disturbance to the B- D B-/+ D | Construction phase: Possible increase in traffic accidents by
Existing Social increased traffic load in the Project area vicinity roads. On the
Infrastructure  and other hand, positive impact is anticipated such as infrastructure
Services development during the construction period.

Operation phase: There will be least adverse impact
anticipated.

14 | Social Institutions D D N/A N/A | There will be least adverse impact anticipated.
such as  Social
Infrastructure  and
Local
Decision-making
Institutions

5 gﬂe'ﬁg}?g':ﬁé'ﬂ ss ESOf ¢ ¢ D D There will be least adverse impact anticipated.

16 Il_rgtce?elst Conflicts ~ of ¢ ¢ b D There will be least adverse impact anticipated.

17 | Cultural Heritage C C D D | There will be least adverse impact anticipated.

18 | Landscape C C D D | There will be least adverse impact anticipated as the overhead
transmission lines will be extended in the forest land.

19 | Gender C C B+ D | There will be least adverse impact anticipated. In PPSP’s case,
there were job opportunities given to women as well, most of
which were unskilled ones. Facilitated and supported by BDO,
women in Baghmundi Block are presently active in self-help
group activities in which they work on handicrafts, grocery
shops, credit schemes, etc. Such group mechanism can be made
use of for enhancing positive impacts by the project.

20 | Children’s Rights C C D D | Construction phase: WBSETCL will stricly abide the Indian
law on child labor.

Operation phase: No particular negative impact is predicted.

21 | Infectious Diseases B- D B- D | Construction phase: An inflow of construction workers may
cause / increase diseases if any prevention measures are not
undertaken.

Operation phase: No particular negative impact is predicted.

22 | Work  Environment B- B- B- B- | Construction phase: During the site preparation and
(Including Work construction works, dust, noise, vibration will occur although
Safety) limited scale. Environment of workers’ camp or accommodation

facilities shall be properly managed with proper hygiene
guidelines and its enforcement.

Operation phase: Workers may get involved in accidents while
at work.

23 | Accidents B- B- B- B- | Construction phase: Increase of traffic volume may cause
traffic accidents if there are no appropriate controlling measures
are taken especially during the schooling time. Forest fire can
occur if any management measures are taken for controlling the
causes of fire, such as disposal of Tabaco by construction
workers’, etc. Accidents shall be prevented with proper
prevention guidelines and its enforcement.

5 Operation phase: Accidents at reservoirs and other related
£ facility area may occur if appropriate measures such as entry
o restriction are not taken.

24 | Cross-boundary C- D B- D |Construction phase: CO, will be produced from the
Impact and Climate construction work although the emission is anticipated to be
Change limited and negligible. No impact on climate change is

anticipated.
Operation phase: Transmission line will not cross the
boundary. No CO, will be produced by the operation of
transmission lines.
(source: JICA Study Team)
(note:

A+/-: Significant positive/negative impact is expected.

B+/-: Positive/negative impact is expected to some extent.

C+/-: Extent of positive/negative impact is unknown. (Further examination is needed, and the impact may be clarified as the study
progresses.)

D: No impact is expected.)
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Table 11.8-1 Miitigation Measures for Turga PSP and Related Facilities
. S Implementing Responsible
No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures Organization Organization Cost
Pre- / Construction Stage
1 Air Quality 1) Production of dust is expected by 1) Access roads will be developed which avoid local people’s | Contractor WBSEDCL Expenses
land preparation and other moving route. included in
construction work 2) Watering the access roads and construction site for dust contract cost by
2) Generation of dust is expected by suppression, especially in the dry season, and using cover contractor
land preparation and transportation of | sheets on trucks for the transportation of soil, and wind
excavated soil by dump truck barriers will be applied to reduce dust generation.
3) Generation of air pollutions (SOx 3) Speed limits will be applied for vehicles. For mitigation of
and NO¥, etc.) is expected from the pollutant emissions, periodic maintenance and management
operation of heavy machinery and of all the construction machinery and vehicles will be
trucks. conducted to reduce exhaust gas discharged from construction
machinery and vehicles.
2 Water Quality 1) Water turbidity anticipated by 1) - Oil and chemical materials will be collected into Contractor WBSEDCL Expenses
excavation work collecting sink storage to prevent permeation into the ground. included in
2) Discharged water from concrete - A package domestic waste water treatment plant and mobile contract cost by
plan water-closets with composite septic tank will be constructed contractor
3) Domestic wastewater and in the worker’s camp and construction area.
oil-containing - Every discharge water will be discharged after purification
to comply with environmental standard.
2) Domestic wastewater treatment facility for workers, such
as a septic tank and an oil separator for oily run-off water,
will be installed in the worker’s camp and construction area.
3) Water contaminant or suspended materials caused by
construction works will be purified by construction of settling
pond (primary treatment).
4) Miscellaneous household waste water drained from worker
camps will be purified by about 90% by setting of septic tank
and other equipment (secondary treatment).
3 Soil Quality Leakages of oil and chemical 1) Maintenance of vehicles/machinery will be regularly Contractor WBSEDCL Expenses
materials at the construction site. conducted. included in
2) Oil and chemical materials will be stored in an appropriate contract cost by
storage site to prevent any permeation into the ground. contractor
4 Sediment 1) Uncontrolled disposal of wastes 1) Oil and chemical materials will be stored in an appropriate | Contractor WBSEDCL Expenses
2) Transported organic materials due storage site to prevent any permeation into the ground. included in
to water circulation between upper Solid and liquid wastes will be disposed in compliance with contract cost by
and lower reservoirs related regulations. No waste or packaging will be left on site. contractor

2) Water quality monitoring and setting optimal volume/rate
of water circulation
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No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures Implerpen'glng Respo_nsu_ale Cost
Organization Organization
5 Noise and 1) Heavy machinery and trucks 1) Maintain heavy equipment and construction equipment Contractor WBSEDCL Expenses
Vibration 2) Personnel transportation vehicles with muffler and carry out regular maintenance and included in
3) Blasting and drilling activities inspection. contract cost by
2) Construction vehicles are equipped with muffler mufflers contractor
recommended by manufacturers.
3) Refrain from unnecessary warming-up of construction
equipment or vehicles.
4) - Establish a sign board describing measures to mitigate
noise and make public notices to the surrounding residents.
- Blasting work is to be carried out during the day time and
work hours are to be informed to the residents.
6 Odor 1) Domestic solid waste 1) Workers will be instructed to classify and collect garbage Contractor WBSEDCL Expenses
2) Domestic waste water 2) lllegal waste disposal shall be prohibited. included in
3) Garbage will be disposed on a periodic basis to ensure that contract cost by
odor by putrefaction is not produced. contractor
4) Domestic waste will be collected daily and separated
systematically at source; different types of waste will be
stored and disposed of separately.
5) A package domestic waste water treatment plant will be
constructed.
7 Waste 1) Domestic waste 1) Segregating waste at collection, recycling and reusing Contractor WBSEDCL Expenses
2) Industrial and hazardous waste waste will be promoted included in
2) Non-recyclable waste will be disposed at appropriate sites contract cost by
Different types of waste (e.g. hazardous waste, domestic contractor
waste) will be collected and disposed of separately.
3) To reduce the amount of solid waste discharged from
workers during the construction work, efforts will be taken to
employ local workers wherever possible, so that the amount
of household waste at the plant will be minimized
8 Ecosystem 1) Seasonal migration of Asian 1) Sharing and fully understanding of exclusion Contractor WBSEDCL Expenses
Elephants (Elephas maximus) in and method/procedure and strengthening communication system included in
around the project site in harvesting among DFO, residents and constructor according to routine or contract cost by
period established practice. In addition, stakeholder committee contractor

2) Disturbance of fauna/avi-fauna due
to deforestation

3) Progress of forest decline
accompanying deforestation

consisting of DFO, BDO, local residents, contractor, police
and WBSEDCL will be organized to apply necessary
measures for the elephants' migration. The committee will
consult with academic experts to obtain advices as necessary.
2) At the present stage it doesn’t reveal the extent of impacts.
Accordingly, biological monitoring should be taken at least
for typical mammals and birds in and around the site.

3) New-created forest edge by construction works tends to
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Implementing

Responsible

No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures o L Cost
Organization Organization
dry out. Accordingly, local trees or shrub with lianas are to be
considered as appropriate to plant along the forest edge as
mantle or fringe vegetation in order not to degrade forest
ecosystem.
9 Topography Excavation works while construction | - Netting, and rock bolting will be employed, where necessary | Contractor WBSEDCL Expenses
and geology of access roads, transporting / storing | to provide stability of the cut slopes. included in
of excavation and topsoil, blasting - Topsoil will be stripped and stored and will be watered and contract cost by
activities at material borrow site or vegetated when necessary and roads will be constructed contractor
any other area are risky activities with | ensuring soils not to slip down from the slopes.
regard to raising erosion risk.

10 | Land 1) Diversion of forest land* 1)-1 The project area shall be fully and effectively demarcated | Contractor WBSEDCL Expenses
acquisition and and fenced. included in
Resettlement contract cost by

contractor
1)-2 Alternative plantation works will be conducted based on | Forest Forest WBSEDCL
the compensatory afforestation list as attached to the forest Department, Department, (Cost will be
clearance application. Government Government of | estimated by
of West West Bengal Forest
Bengal Department at
stage-I1 of forest
clearance.)
2) Possibility of temporary use of 2)-1 Lease contract will be concluded with land owners. Contractor WBSEDCL Expenses
non-forest private land included in
contract cost by
contractor
2)-2 Local area development plan will be implemented as Block WBSEDCL by WBSEDCL
described in SIA for the benefit of entire project area. Development (Cost not be
Office disclosed per
internal
corporate
information)
3) Possibility of loss of livelihood 3)-1 Crop compensation with top-up payment Contractor WBSEDCL Approximately
means at non-forest WBSEDCL land Rs. 950,000
(project affected people) Expenses
included in
contract cost by
contractor
3)-2 Livelihood restoration / improvement activities will be Block WBSEDCL Approximately
conducted as described in ARAP. Development Rs. 1.9 million

Office

by WBSEDCL
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No

Items (Impacts)

Sources of Potential Impact

Proposed Mitigation Measures

Implementing
Organization

Responsible
Organization

Cost

11

Poor People

1) Possibility of loss of livelihood
means at non-forest WBSEDCL land
(project affected people)

1) Local area development plan will be implemented as
described in SIA for the benefit of entire project area.

Block
Development
Office

WBSEDCL

by WBSEDCL
(Cost not be
disclosed per
internal
corporate
information)

2) Enhancement of local communities

2)-1 Engagement of local people will be promoted to support
their livelihood.

Contractor

WBSEDCL

Expenses
included in
contract cost by
contractor

2)-2 Local area development plan will be implemented as
described in SIA for the benefit of entire project area.

Block
Development
Office

WBSEDCL

by WBSEDCL
(Cost not be
disclosed per
internal
corporate
information)

12

Ethnic Minority
Groups and
Indigenous
People

1) Possibility of loss of livelihood
means at non-forest WBSEDCL land
(project affected people)

1) Livelihood restoration / improvement activities will be
conducted as described in ARAP.

Contractor

WBSEDCL

Approximately
Rs. 1.9 million
by WBSEDCL

2) Enhancement of local communities

2)-1 Engagement of local people will be promoted to support
their livelihood.

Contractor

WBSEDCL

Expenses
included in
contract cost by
contractor

2)-2 Local area development plan will be implemented as
described in SIA for the benefit of entire project area.

Block
Development
Office

WBSEDCL

by WBSEDCL
(Cost not be
disclosed per
internal
corporate
information)

13

Local Economy

1) Possibility of loss of livelihood
means (direct affected people)

1) Livelihood restoration / improvement activities will be
conducted as described in ARAP.

Contractor

WBSEDCL

Approximately
Rs. 1.9 million
by WBSEDCL

2) Enhancement of local communities

2)-1 Engagement of local people will be promoted to support
their livelihood.

Contractor

WBSEDCL

Expenses
included in
contract cost by
contractor

2)-2 Local area development plan will be implemented as
described in SIA for the benefit of entire project area.

Block
Development
Office

WBSEDCL

by WBSEDCL
(Cost not be
disclosed per
internal
corporate
information)
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No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures Implerpen'glng Respo_nsu_ale Cost
Organization Organization
14 | Land use and 1) Diversion of forest land* 1)-1 The project area shall be fully and effectively demarcated | Contractor WBSEDCL Expenses
utilization of and fenced. included in
local resources contract cost by
contractor
1)-2 Alternative plantation works will be conducted based on | Forest Forest WBSEDCL
the compensatory afforestation list as attached to the forest Department, Department, (Cost will be
clearance application. Government Government of | estimated by
of West West Bengal Forest
Bengal Department at
stage-I1 of forest
clearance.)
2) Temporary use of non-forest land 2)-1 private land: Lease equivalent to full replacement value Contractor WBSEDCL Expenses
or higher with land owners. included in
contract cost by
contractor
2)-2 WBSEDCL land: former PPSP’s borrow land will be Contractor WBSEDCL Approximately
reused. Rs. 950,000 for
crop
compensation.
15 | Water Usage, 1) Irrigation reservoir will be 1) Monitor the water amount collected for irrigation and Contractor WBSEDCL Expenses
Water Rights, expanded as lower reservoir, and drinking purposes, and provide water supply if there is any included in
etc. water and drinking water will be water shortage contract cost by
provided from the saddle dam during contractor
the construction period.
2) People residing nearby do fishing 2) Local area development plan will be implemented as Block WBSEDCL by WBSEDCL
at the irrigation reservoir from time to | described in SIA for the benefit of entire project area Development (Cost not be
time occasionally for including fishermen. Office disclosed per
self-consumption and commercial internal
purpose, which will be shifted to the corporate
coffer dam. information)
16 | Existing - Increase in traffic accidents by - To decrease traffic load, transportation of personnel will be Contractor WBSEDCL Expenses
Infrastructure increased traffic load in the Project conducted by buses included in
and Services area vicinity roads - Time control of traffic especially during the schooling time contract cost by
Enhancement of local infrastructure Infrastructure such as roads will be improved. contractor
17 | Local Conflicts | Influx of outside people may cause PPSP’s labor camp shall be reused to accommodate such Contractor WBSEDCL Expenses
conflicts with local communities. outside workers. Contractors will conduct guidance for them included in
to respect local people’s culture and practices for getting contract cost by
adopted in the local context. Their behavior will be monitored contractor

by the contractors.
Local people may directly go to BDO for their concerns,
complaints and grievance redress as it is one of BDO’s roles




00T-TT

Implementing

Responsible

No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures o L Cost
Organization Organization
and functions to receive them. If such local reports are shared
with WBSEDCL, it shall be recorded and monitored until
they are solved.

18 | Cultural There is a small Hindu temple on the | The temple will be relocated to higher elevation by Contractor WBSEDCL Expenses

Heritages left bank ridge of the planned lower constructing an elevation made by concrete, and improved. included in
reservoir, which will likely be The whole process shall be shared with local people and contract cost by
affected by the dam construction priest, and their opinions shall be taken into account. contractor
work.

19 | Infectious An influx of construction workers - Occupational health and safety trainings will be provided Contractor WBSEDCL Expenses
Diseases may increase infectious disease. -Periodic medical check will be conducted included in

- Mosquito net and medicine shall be provided for prevention contract cost by
Contractor

20 | Work Health and safety -Occupational health and safety trainings will be provided, Contractor WBSEDCL Expenses

Environment -Necessary protective equipment will be provided, included in
-Cautionary signs for occupational health and safety will be contract cost by
placed on required points on site. Contractor
-Equipment and machinery will be checked and maintained
regularly,

-Measures will be taken to prevent possible fire risk in
construction site and surrounding areas.
21 | Accidents Accidents - Safe driving trainings, against Project area accidents, will be | Contractor WBSEDCL Expenses
provided, included in
-Traffic signs will be placed on site and compliance to traffic contract cost by
rules will be monitored Contractor
-Necessary protective equipment will be provided,
-Equipment and machinery will be checked and maintained
regularly,
- Measures will be taken to prevent possible fire risk in
construction site and surrounding areas.
- Transportation of heavy trucks and vehicles during peak
hours during morning and evening time and children’s
schooling time will be avoided as much as the construction
schedule allows for not deteriorating traffic jams,

22 | Cross-boundary | 1) Greenhouse gas emissions 1) Vehicles will be regularly maintained and repaired. Contractor WBSEDCL Expenses
impacts and 2) Deforestation attendant upon 2) Compensatory afforestation with periodical growing included in
Climate change | construction works monitoring should be conducted properly according to Forest contract cost by

(Conservation) Act, 1980. contractor

Operation Phase

1 Waste Domestic/Industrial and hazardous - Different types of waste (e.g. hazardous waste, domestic WBSEDCL WBSEDCL Expenses to be

waste

waste) will be collected and disposed of separately,
- Efforts will be taken to employ local workers wherever

paid by
WBSEDCL
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No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures Implerpen'glng Respo_nsu_ale Cost
Organization Organization

possible to reduce household wastes
-“Solid and Hazardous Waste Management Plan” will be
implemented.

2 Work - Health and safety -Occupational safety trainings will be provided, WBSEDCL WBSEDCL Expenses to be

Environment -Necessary protective equipment will be provided, paid by

-Equipment and machinery will be checked and maintained WBSEDCL
regularly,

3 Accidents -Accidents -Cautionary signs for occupational safety will be placed on WBSEDCL WBSEDCL Expenses to be
required points on site. paid by
-Preparing a manual of accident prevention measures and WBSEDCL
ensuring its implementation
-Vehicles and equipment will be regularly maintained and
repaired.

(note 1: The format is given according to the JICA Guidelines 2010.)
(note 2: *Diversion of forest land

(source: JICA Study Team)

Monetary compensation should be provided to Forest Department towards the cost of forest land to be diverted and compensatory afforestation. Before starting any activity within the forest
area, the forest clearance must be obtained as per the Forest Conservation Act, 1980 and it’s amendments from the State Forest Department. An action plan for tree cutting should be
prepared to avoid uncontrolled and indiscriminate tree cutting. Appropriate compensatory plantation should be initiated to compensate for the vegetation loss due to cutting of trees for site
clearing. For trees to be cut, sufficient compensatory plantation should represent approximately 2 times the number of trees felled. Preferential mixed plantation consisting of flowering
shrubs and evergreen ornamental trees with less timber and fruit value should be carried out. Under the plantation programme, more valuable tree species should be planted in place of
existing non-valuable mono crops in the project area, if any.)
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Table 11.8-2 Mitigation Measures for Transmission Lines and Related Facilities

Implementing

Responsible

No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures Organization Organization Cost

Pre- / Construction Stage

1 Air Quality 1) Production of dust is expected by | 1) For dust mitigation, access roads will be developed which | Contractor WBSETCL Expenses
land preparation and other | avoid local people’s moving route. included in
construction work. 2) Watering the access roads and construction site for dust contract cost by
2) Generation of dust is expected by | suppression, especially in the dry season, and using cover contractor
land preparation and transportation of | sheets on trucks for the transportation of soil, and wind
excavated soil by dump truck, and | barriers will be applied to reduce dust generation.
generation of air pollutions (SOx and | 3) Speed limits will be applied for vehicles.

NOx, and etc.) is expected from the | 4) For mitigation of pollutant emissions, periodic

operation of heavy machinery and | maintenance and management of all the construction

trucks machinery and vehicles will be conducted to reduce exhaust
gas discharged from construction machinery and vehicles.

2 Water Quality 1) Water turbidity caused by | 1) Oil and chemical materials will be collected into collecting | Contractor WBSETCL Expenses
excavation and digging activities sink storage to prevent permeation into the ground. included in
2)Wastewater sourced from concrete | 2) A package domestic waste water treatment plant and contract cost by
production, digging of cores and use | mobile water-closets with composite septic tank will be contractor
of oils constructed in the worker’s cam and construction area.

3) Every discharge water will be discharged after purification
to comply with environmental standard.
4) A domestic wastewater treatment facility for workers, such
as a septic tank and an oil separator for oily run-off water,
will be installed in the worker’s camp and construction area.
3 Noise and | 1) Heavy machinery and trucks 1) Maintain heavy equipment and construction equipment | Contractor WBSETCL Expenses
Vibration 2) Digging and drilling activities with muffler and carry out regular maintenance and included in
inspection. contract cost by
2) Construction vehicles are equipped with muffler mufflers Contractor
recommended by manufacturers.
3) Refrain from unnecessary warming-up of construction
equipment or vehicles.
4) Establish a sign board describing measures to mitigate
noise and make public notices to the surrounding residents.

4 Ecosystem 1) Seasonal migration of Asian | 1) Sharing and fully understanding of exclusion | Contractor WBSETCL Expense
Elephants (Elephas maximus) in and | method/procedure and strengthening communication system included in
around the project site in harvesting | among DFO, residents and constructor according to routine or contract cost by
period established practice. In addition, stakeholder committee contractor

2) Disturbance of fauna/avi-fauna due
to deforestation

3) Progress of forest
accompanying deforestation

decline

consisting of DFO, BDO, local residents, contractor, police
and WBSEDCL will be organized to apply necessary
measures for the elephants' migration. The committee will
consult with academic experts to obtain advices as necessary.
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Implementing
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No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures o L Cost
Organization Organization
2) At the present stage it doesn’t reveal the extent of impacts.
Accordingly, biological monitoring should be taken at least
for typical mammals and birds in and around the site. In
addition, it is considered that existence of the nesting within a
fixed distance from the transmission lines (e.g. about 50 m,
determined depending on the species) and suppression of
construction accompanying noises and vibration at that
periods will be taken as countermeasures. Mitigation
measures for bird strikes will be considered as necessary.
3) New-created forest edge by construction works tends to
dry out. Accordingly, local trees or shrub with lianas are to be
considered as appropriate to plant along the forest edge as
mantle or fringe vegetation in order not to degrade forest
ecosystem.
5 Topography and | Excavation works while construction | Embankments for tower foundation will be covered with | Contractor WBSETCL Expenses
geology of transmission tower site are risky | vegetation after soon construction activities. included in
with regard to raising erosion. contract cost by
Contractor
6 Land acquisition | There will be no land acquisition. But | 1) Forest clearance will be obtained from the Forest | WBSETCL WBSETCL WBSEDCL
ROW clearance 7.82 ha of forest land | Department of West Bengal State / Eastern Region of
only. MoEFCC, and expenses for compensatory afforestation will
be paid.
2) The project area shall be fully and effectively demarcated | Contractor WBSETCL Expenses
and fenced. included in
contract cost by
contractor
3) Alternative plantation works will be conducted based on | Forest Forest WBSEDCL
the compensatory afforestation list as attached to the forest | Department, Department, (Cost  will be
clearance application.* Government Government estimated by
of West | of West | Forest
Bengal Bengal Department  at
Stage-1l of FC.)
7 Land use and | 1) ROW clearance of 7.82 ha forest | 1) Forest clearnace will be obtained from the Forest | WBSETCL WBSETCL WBSEDCL
utilization of | land Department of West Bengal State / Eastern Region of
local resources MOoEFCC, and expenses for compensatory afforestation will
be paid.
2) The project area shall be fully and effectively demarcated | Contractor WBSETCL Expenses
and fenced. included in

contract cost by
contractor
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Implementing

Responsible

No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures o L Cost
Organization Organization
3) Alternative plantation works will be conducted based on | Forest Forest WBSEDCL
the compensatory afforestation list as attached to the forest | Department of | Department of | (Cost will be
clearance application.* West Bengal | West Bengal | estimated by
State State Forest
Department  at
stage-I1 of forest
clearance.)

8 Existing social | - Increase in traffic accidents by | - To decrease traffic load, transportation of personnel will be | Contractor WBSETCL Expenses
infrastructure and | increased traffic load in the Project | conducted by buses included in
services area vicinity roads - Time control of traffic especially during the schooling time contract cost by

contractor

9 Infectious An influx of construction workers | - Occupational health and safety trainings will be provided Contractor WBSETCL Expenses
Diseases may increase infectious disease. -Periodic medical check will be conducted included in

- Mosquito net and medicine shall be provided for prevention contract cost by
Contractor

10 | Work -Health and safety 1)2)-Occupational health and safety trainings will be | Contractor WBSETCL Expenses

Environment provided, included in
-Necessary protective equipment will be provided, contract cost by
-Cautionary signs for occupational health and safety will be Contractor
placed on required points on site.
3)-Equipment and machinery will be checked and maintained
regularly,
4)-Measures will be taken to prevent possible fire risk in
construction site and surrounding areas.

11 | Accidents -Accidents - Safe driving trainings, against Project area accidents, will be | Contractor WBSETCL Expenses

provided, included in
-Traffic signs will be placed on site and compliance to traffic contract cost by
rules will be monitored Contractor
-Necessary protective equipment will be provided,
-Equipment and machinery will be checked and maintained
regularly,
- Measures will be taken to prevent possible fire risk in
construction site and surrounding areas.
- Transportation of heavy trucks and vehicles during peak
hours during morning and evening time and children’s
schooling time will be avoided as much as the construction
schedule allows for not deteriorating traffic jams,

12 | Cross-boundary Greenhouse gas emissions -Vehicles will be regularly maintained and repaired. Contractor WBSETCL Expenses
impacts and included in

Climate change

contract cost by
Contractor
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Implementing Responsible

No | Items (Impacts) Sources of Potential Impact Proposed Mitigation Measures Organization Organization Cost
Operation Phase
1 Work -Health and safety -Occupational safety trainings will be provided, WBSETCL WBSETCL WBSETCL
Environment -Necessary protective equipment will be provided,
-Equipment and machinery will be checked and maintained
regularly,
2 Accidents -Accidents -Cautionary signs for occupational safety will be placed on | WBSETCL WBSETCL WBSETCL

required points on site.

-Preparing a manual of accident prevention measures and
ensuring its implementation

-Vehicles and equipment will be regularly maintained and
repaired.

(source: JICA Study Team)
(note 1: The format is given according to the JICA Guidelines 2010.)
(note 2: *Compensatory afforestation (excerpt from HANDBOOK OF Forest (Conservation) Act, 1980 and Forest (Conservation) Rules, 2003, issued in 2004)
Tree cutting is to proceed only after all the legal requirements including Formal Clearances are completed and a subsequent written order is issued to the Project Proponent/ Contractor.
Appropriate compensatory plantation should be carried out to compensate for the vegetation loss due to cutting of trees for site clearing. For trees to be cut, sufficient compensatory
plantation, about two times the number of trees felled, will be carried out. Compensatory afforestation and reforestation will follow preferences for mixed plantations consisting of
flowering shrubs and evergreen ornamental trees with less timber and fruit value. Under the plantation programme, more valuable tree species will be planted in place of existing
non-valuable mono crops in the project area, where appropriate.)
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%5 http://forestsclearance.nic.in/viewreport.aspx?pid=FP/WB/HY D/8214/2014
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1.1. Village: Durku, Area: 8.63 ha, Khasra details: JL No. 4, Plot No. 412 (Purulia District)
(source: op.cit.)

Figure 11.8-2 Land Details identified for Compensatory Afforestation, Durku (Purulia)

Soogle Enrth

1.2. Village: Kelyardi, Area: 5.17 ha, Khasra details: JL No. 106, Plot No. 441 (Purulia District)

(source: op.cit.)
Figure 11.8-3 Land Details identified for Compensatory Afforestation, Kelyardi (Purulia)
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(source: op.cit.)
Figure 11.8-4 Land Details identified for Compensatory Afforestation, Dhanda (Purulia)

- . ' -~ >
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1.4. Village: Kuchung, Area: 6.94 ha, Khasra details: Block-Puncha, JL-20, Plot-2489 (Purulia District)

(source: op.cit.)
Figure 11.8-5 Land Details identified for Compensatory Afforestation, Kuchung (Purulia)
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1.5. Village: Dhabani, Area: 5.18 ha, Khasra details: Block-Puncha, JL-8, Plot-789, and
1.6. Village: Dhabani, Area: 4.39 ha, Khasra details: Block-Puncha, JL-8, Plot-1717 (Purulia District)
(source: op.cit.)
Figure 11.8-6 Land Details identified for Compensatory Afforestation, Dhabani (Purulia)

urulia District)

1.7. Village: Hariharpur, Area: 6.11 ha Khasra details: Block-Puncha, JL-30, Plot-1270 (P

(source: op.cit.)
Figure 11.8-7 Land Details identified for Compensatory Afforestation, Hariharpur (Purulia)
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1.8. Village: Mangura Lalpur, Area: 8.76 ha, Khasra details: Block-Hura, JL-72, Plot-631 (Purulia District)

0
|
T

(source: op.cit.)
Figure 11.8-8 Land Details identified for Compensatory Afforestation, Mangura Lalpur (Purulia)

R LT S R
1.9. \ﬁllge: Saharjuri, Area: 9.66 ha, Khasra details: Block-Hura, JL-22, Plot-487 (Purulia District)

(source: op.cit.)
Figure 11.8-9 Land Details identified for Compensatory Afforestation, Saharjuri (Purulia)
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1.10. Village: Madhabpur, Area: 7.02 ha, Khasra details: Block-Hura, JL-5, Plot-2150, and
1.11. Village: Tilaboni, Area: 8.73 ha, Khasra details: Block-Hura, JL-4, Plot-1111 (Purulia District)

(source: op.cit.)
Figure 11.8-10 Land Details identified for Compensatory Afforestation, Madhabpur and Tilaboni

(Purulia)

2.1. Village: Purba Totgaon, Area: 158.9 ha, Khasra details: Block-Mal, JL-2, Plots - 24 to 38 (Jalpaiguri District)

(source: op.cit.)
Figure 11.8-11 Land Details identified for Compensatory Afforestation, Purba Totgaon (Jalpaiguri)
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2018 5
2011 2

Table 11.8-3 Table 11.6.2-11

Table 11.8-3 Estimated Carbon Sequestration by Compensation Afforestation

(100 t-CO2 equiv.)

__ Age of tree (stand age)
(aII'DeI:tirr:cl':a) Afforestation model™

5hyo. | 10My.0. | 15My.0. | 20My.0. | 30" y.0. | 40" y.0.

Plantation of Sal (Shorea robusta) and
Purulia associate species in South Bengal

(75.1ha) | Quick growing and small timber spp.
plantation in South Bengal

11.93 16.92 11.78 15.68 23.52 23.54

1194 | 16.92 11.78 1568 | 2352 | 2353

Jalpaiguri | Miscellaneous Plantation in North Bengal 2527 | 3587 | 2497 | 3314 | 4974 | 49.79
(158.9ha) | sal and associate plantation in North Bengal 2531 | 3590 | 2501 | 3325| 49.73| 49.73
Total 74.45 | 105.61 73.54 97.75 | 146.51 | 146.59

(source: JICA Study Team)
(* note: Main condition of species, activities and allometric equations are given below;)

1 Plantation of Sal and associate species in South Bengal
Sal (Shorea robusta)
Rotation: 40 years, Thinning: 5th, 15th, 25th years, Thinning grade: 50 %, Density of Stem Wood: 0.72,
Stem Volume = 0.00389 - 0.27516*(DBH) + 6.90733*(DBH)?,
Girth = 7.776086957 + 2.232865613t -1.938735178*10-2*t2
Associates Plants
Rotation: 50 years, Thinning: 5th, 15th, 25th years, Thinning grade: 50 %, Density of Stem Wood: 0.64

I Quick growing and small timber spp. plantation in South Bengal
Terminalia belerica, Pterocapus marsupium and Terminalia chebula
Rotation: 50 years, Thinning: 5th, 15th, 30th years, Thinning grade: 50 %, Density of Stem Wood: 0.64

1 Miscellaneous Plantation in North Bengal
Tectona grandis
Rotation: 60 years, Thinning: 5th, 15th, 30th years, Thinning grade: 50 %, Density of Stem Wood: 0.72
Associates Plants
Rotation: 60 years, Thinning: 5th, 15th, 30th years, Thinning grade: 50 %, Density of Stem Wood: 0.64

1 Sal and associate plantation in North Bengal
Sal (Shorea robusta)
Rotation: 60 years, Thinning: 5th, 15th, 30th years, Thinning grade: 50 %, Density of Stem Wood: 0.72,
Above-ground biomass volume (kg/tree) = 0.00389- 0.27516*(DBH) + 6.90733*(DBH)?,
Girth = -5.761632384 -10-3*(age)? +1.3260032968*(age) + 1.204879772
Associates Plants
Rotation: 60 years, Thinning: 5th, 15th, 30th years, Thinning grade: 50 %, Density of Stem Wood: 0.64

1 Planting interval is 2.5*2.5 m (1,600 plants hat)

26
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11.9

Table 11.9-1 Table 11.9-2
Annex 11-3 Annex 11-4

2018 4 | F. No.: 8-51/2017/FC 2018 4 12

27 7 No. J-12011/13/2013-1A.1(R) 2018 7
2 28 WBSEDCL

WBSEDCL
BDO
ROW WBSEDCL
WBSETCL FC
ROW

27 WBSEDCL HP https://www.wbsedcl.in/irj/go/km/docs/internet/new_website/pdf/Forest.pdf
2018 8

2 hitps://www.wbsedcl.in/irj/go/km/docs/internet/new_website/pdf/Environment.PDF 2018 8
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Table 11.9-1 Environmental Monitoring Plan for Turga PSP and Related Facilities

Significant

Monitoring Method

No Impact to be Monitored Parameter | Method of Collecting and Location Duration and I(r; r%I:r?;;aati?r? (F){fgsgr?ir;:\ltti):)?] Cost
Monitored Analyzing Data Frequency
Pre- / Construction Stage
1 Air Quality PM10, SOzand NO2 Indian official analytical | Upper Dam Site, Near | 3 times a year | Contractor WBSEDCL Expenses
method Lower Dam  Site, | (Seasonal) and included in
Baghmundi Village and | upon complaint contract cost by
Downstream of Lower contractor
Dam Site
2 Water Quality Surface water quality. | Indian official analytical | Upper reservoir dam | 3 times a year | Contractor WBSEDCL Expenses
Parameters provided in | method site (River Water), | (Seasonal) included in
related Drinking water Downstream of Upper contract cost by
quality standards of Dam (River Water), contractor
India Upstream of  Upper
Dam (River Water),
Reservoir upstream of
Lower Dam axis (River
Water), Downstream of
Lower Dam site, Ranga
village (Ground water,
bore well) near to upper
reservoir, Gosiati
Village (Ground water,
bore well)
3 Soil Quality Total organic carbon, | Indian official analytical | Upper reservoir dam| Whenever Contractor WBSEDCL Expenses
oil and grease contents | method site, Dumping site of| necessary included in
outlet, Auxiliary site and| contract cost by
material exploitation site contractor
4 Sediment Color, odor and pH | Visual investigation, | Upper and  lower | 3 times a year | Contractor WBSEDCL Expenses
value smell and electrode | reservoir dam (Seasonal) included in
method contract cost by
contractor
5 Noise and | Noise and vibration | On site measurement Near Upper Dam Site, | 3 times a year | Contractor WBSEDCL Expenses
Vibration level Near Lower Dam Site, | (Seasonal) included in
Bagumundi  Village contract cost by
and Downstream of contractor
Lower Dam Site
6 Odor Parameters given in | On site measurement Worker’s Camp site Monthly Contractor WBSEDCL Expenses
Indian Standard included in

contract cost by
contractor
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Significant

Monitoring Method

No Impact to be Monitored Parameter | Method of Collecting and Location Duration and Igf'::;f;ﬁg}? ORr?s;ri)irz]ZItti)(l)i Cost
Monitored Analyzing Data Frequency 9 9
7 Wastes Solid and hazardous | Visual investigation Worker’s Camp site | Monthly Contractor WBSEDCL Expenses
wastes and Construction sites included in
contract cost by
contractor
8 Ecosystem Witness  record  of | Information sharing | Every place in and | Monthly reporting | Reporting by | WBSEDCL Expenses
wildlife migration | among the stakeholders around the project site contractor included in
including Asian contract cost by
elephant contractor
9 Topography Changing topography | On-site  erosion and | Construction areas | Monthly Contractor WBSEDCL Expenses
and Geology and Possible erosions runoff (including access included in
roads) and storage areas contract cost by
contractor
10 | Land Compensatory - Payment for seeds/ Purulia District and | 2 times a year | Forest Forest Forest
Acquisition afforestation seedlings of Jalpaiguri District during the | Department, Department, Department,
compensation plantation period | Government | Government of | Government of
plantation by of West | West Bengal West Bengal
WBSEDCL Bengal
- Record of
compensation
plantation by Forest
Department
Lease / temporary use | - Number and area of Private land for lease / | During land lease / | Contractor WBSEDCL Expenses
of non-forest private private land to be temporary  use  as | use process, included in
land leased / used borrow area (quarterly or other contract cost by
- Land owners timing depending contractor
- Record of consultation on the progress)
and lease contracts
- Actual payment for
lease contracts
- Local area Venues for such | During the | Block Block Block
development plan activities activities Development | Development Development
(quarterly or other | Office Office Office
timing depending
on the progress
Loss of livelihood | - Number of the affected | Kudna WBSEDCL land | Prior to the land | Contractor WBSEDCL Expenses
means at non-forest households and people | for borrow area where | use (quarterly or included in
WBSEDCL land - Record of consultation | livelihood activities | other timing contract cost by
- Actual payment of (crop, vegetable | depending on the contractor
compensation production, etc.) are | progress)

conducted
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Significant

Monitoring Method

No Impact to be Monitored Parameter | Method of Collecting and Location Duration and Igrpl::;f;tig}? ORr?s;ri)irz]ZItti)(l)i Cost
Monitored Analyzing Data Frequency 9 9
Livelihood restoration /| Venues for such | During the | Block Block Block
improvement activities activities activities Development | Development Development
(quarterly or other | Office Office Office
timing depending
on the progress
11 | Poor people Household  economy | Local area development | Venues for such | During land lease / | Block Block Block
(income and | plan activities use process, | Development | Development Development
expenditure) of the (quarterly or other | Office Office Office
affected people whose timing depending
private land are leased on the progress)
out / temporarily used
as borrow area, and
who lose livelihood
means accordingly
Local engagement - Number of employed Construction site office | 2 times a year Contractor WBSEDCL - Cost included
local people at the in the contract
construction site
- Record of engagement
and wage / salary
payment
Local area development | - Number of activities Block Development | 2 times a year Block Block Block
plan - Record of activity Office Development | Development Development
implementation Office Office Office
12 | Ethnic Minority | Household  economy | - Local area Venues for such | During land lease / | Block Block Block
Groups and | (income and development plan activities use process, | Development | Development Development
Indigenous expenditure) of the (quarterly or other | Office Office Office
People affected people who timing depending
lose livelihood means on the progress)
accordingly
Local engagement - Number of employed Construction site office | 2 times a year Contractor WBSEDCL - Cost included
local people at the in the contract
construction site
- Record of engagement
and wage / salary
payment
Local area development | - Number of activities Block Development | 2 times a year Block Block Block
plan - Record of activity Office Development | Development Development
implementation Office Office Office
13 | Local Economy | Household  economy | - Local area Venues for such | During the | Block Block Block
(income and development plan activities activities Development | Development Development
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Significant Monitoring Method Implementing Responsible
No Impact to be Monitored Parameter | Method of Collecting and Location Duration and e Oraanization Cost
Monitored Analyzing Data Frequency 9 9
expenditure) of the (quarterly or other | Office Office Office
affected people who timing depending
lose livelihood means on the progress
accordingly
Local engagement - Number of employed Construction site office | 2 times a year Contractor WBSEDCL - Cost included
local people at the in the contract
construction site
- Record of engagement
and wage / salary
payment
Local area development | - Number of activities Block Development | 2 times a year Block Block Block
plan - Record of activity Office Development | Development Development
implementation Office Office Office
14 | Land Use and | Compensatory - Payment for seeds/ Purulia District and | 2 times a year | WBSEDCL Forest Forest
Utilization of | afforestation seedlings of Jalpaiguri District during the | and  Forest | Department, Department,
Local compensation plantation period Department, Government of | Government of
Resources plantation by Government | West Bengal West Bengal
WBSEDCL of West
- Record of Bengal
compensation
plantation by Forest
Department
Lease / temporary use | - Number and area of Private land for lease / | During land lease / | Contractor WBSEDCL Expenses
of non-forest private private land to be temporary  use  as | use process, included in
land as borrow area leased / used borrow area (quarterly or other contract cost by
- Number of the affected timing depending contractor
households and people on the progress)
- Record of consultation
and lease contracts
- Actual payment for
lease contracts
- Number of the affected | Kudna WBSEDCL land | Prior to the land | Contractor WBSEDCL Expenses
households and people | for borrow area where | use (quarterly or included in
- Record of consultation | livelihood activities | other timing contract cost by
- Actual payment of (crop, vegetable | depending on the contractor
compensation production, etc.) are | progress)

conducted
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Significant

Monitoring Method

No Impact to be Monitored Parameter | Method of Collecting and Location Duration and Igf'::;f;ﬁg}? ORr?s;ri)irz]ZItti)(l)i Cost
Monitored Analyzing Data Frequency 9 9
15 | Water Usage, | Amount of irrigation | - Hearing from local - Random interview 2 times a year (1 | Contractor WBSEDCL Expenses by
Water Rights, | water and drinking people with local people time during Contractor
etc. water - Records at I&W Dept. | - I&W Dept. planting  season,
- Records at Public Public Health | another 1 time
Health Engineering Engineering before harvesting
Department Department season)
Fish intake Local area development | Venues for such | During the | Block Block Block
plan activities activities Development | Development Development
(quarterly or other | Office Office Office
timing depending
on the progress
16 | Existing Social | Traffic volume Record of numbers of Project site Continuous Contractor WBSEDCL Cost included in
Infrastructure cars being used records the contract
and Services Infrastructure Record of construction Project site 2 times a year Contractor WBSEDCL Expenses by
developed under the Contractor
project
17 | Local Conflicts | - Number of grievance | Record of complaints Project site Quarterly Contractor WBSEDCL Expenses by
of Interest redresses Block Development Contractor
- Number of meetings Office
held in the
neighborhood
18 | Cultural - Relocation of Hindu | - Record of consultation | Construction site office | 2 times a year | Contractor WBSEDCL Cost added to
Heritages Temple - Record of relocation during the process the contract
process
19 | Infectious - Number of diseases - Labor health records Related institutions Once a year Contractor WBSEDCL Cost included in
Diseases and infection - Records of measures the contract
- Results of health (such as number of
checkups mosquito net and
medicine provided,
depending on the
situation)
20 | Work - Health and Safety - Observation and All work places Daily, monthly Contractor WBSEDCL Cost included in
Environment inspection the contract
21 | Accidents - No. of traffic - Record of accidents Contractor’s office Continuous Contractor WBSEDCL Expenses by
accidents records Contractor

- No. of accidents
human and fire cases
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Significant Monitoring Method Implementing Responsible
No Impact to be Monitored Parameter | Method of Collecting and Location Duration and Organization Organization Cost
Monitored Analyzing Data Frequency
22 | Cross-boundary | - Amount of CO2 - Record of machinery Contractor’ officer Continuous Contractor WBSEDCL Expenses by
impacts and emissions maintenance records (every Contractor
Climate change day)
- Periodical tree - Monitoring record Compensatory 2 times a year, for | District DFO WBSEDCL
growing monitoring afforestation area 2 years (see Note | Forest Office
2)
Operation Stage
1 Waste - Solid and hazardous | - Visual investigation Worker’s Camp site and | Monthly WBSEDCL WBSEDCL WBSEDCL
wastes Construction sites
2 Work - Health and Safety - Observation and All work places Daily, monthly WBSEDCL WBSEDCL WBSEDCL
Environment inspection
3 Accidents - Counter measures - Record of accidents Project site Continuous WBSEDCL WBSEDCL WBSEDCL
for traffic, labor, fire | - Check of Cautionary records
accidents signs placed on
required points on site.

(note 1: The format is given according to the JICA Guidelines 2010.)
(note 2: Base a supposition on plantations of Sal (Shorea robusta) and associate species for compensatory afforestation. Monitoring frequency and years are decided referencing Hemant
Kumar Pandey (2013, http://www.teriuniversity.ac.in/mct/pdf/assignment/Hemant-Kumar-Pandey.pdf). )

(source: JICA Study Team)
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Table 11.9-2 Environmental Monitoring Plan for Transmission Lines and Related Facilities

Monitoring Method

Implementing

Responsible

No | Items (Impacts) | Monitored Parameter | Method of C_ollectlng and Location Duration and Organization Organization Cost
Analyzing Data Frequency
Pre- / Construction Stage
1 Air Quality PM10, SOzand NO: Indian official analytical Upper Dam Site, Near Lower 3 times a year | Contractor WBSETCL | Expenses
method Dam Site, Bagumundi Village (Seasonal) included in
and Downstream of Lower Dam and contract cost
Site upon by contractor
complaint
2 Water Quality Surface water quality. Indian official analytical Upper reservoir dam site (River | 3timesayear | Contractor WBSETCL | Expenses
Parameters provided in | method Water), Downstream of Upper | (Seasonal) included in
related Drinking water Dam (River Water), Upstream of contract cost
quality standards of Upper Dam (River Water), by contractor
India Reservoir upstream of Lower Dam
axis (River Water), Downstream
of Lower Dam site, Ranga village
(Ground water, bore well) near to
upper reservoir, Gosiati Village
(Ground water, bore well)
3 Noise and | Color, odor and pH | Visual investigation, | Upper and lower reservoir dam 3timesayear | Contractor WBSETCL | Expenses
Vibration value smell (Seasonal) included in
and electrode method contract cost
by contractor
4 Ecosystem Witness  record of | Information sharing | Every place in and around the | Monthly Reporting by | WBSETCL | Expenses
wildlife migration | among the stakeholders project site reporting contractor included in
including Asian contract cost
elephant by contractor
5 Topography Solid and hazardous | Visual investigation Worker’s Camp site and Monthly Contractor WBSETCL | Expenses
and geology wastes Construction sites included in
contract cost
by contractor
6 Land Compensation - Payment for seeds/ Not decided yet 2 times a year | Forest Forest Forest
Acquisition afforestation seedlings of during the | Department, Department, | Department,
compensation plantation Government of | Government | Government
plantation by period West Bengal of West | of West
WBSEDCL Bengal Bengal
- Record of

compensation
plantation by Forest
Department
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Monitoring Method

Implementing

Responsible

No | Items (Impacts) | Monitored Parameter | Method of C_ollectmg and Location Duration and Organization Organization Cost
Analyzing Data Frequency
7 Land Use and | - Compensation - Payment for seeds/ Not decided yet 2 times a year | Forest Forest Forest
Utilization  of afforestation seedlings of during the | Department, Department, | Department,
Local compensation plantation Government of | Government | Government
Resources plantation by period West Bengal of West | of West
WBSEDCL Bengal Bengal
- Record of
compensation
plantation by Forest
Department
8 Existing Social | - Traffic volume - Record of numbers of Project site Continuous Contractor WBSETCL | Cost included
Infrastructure cars being used records in the contract
and Services
9 Infectious - Number of diseases - Labor health records Related institutions Once a year Contractor WBSETCL | Cost included
Diseases and infection - Records of measures in the contract
- Results of health (such as number of
checkups mosquito net and
medicine provided,
depending on the
situation)
10 | Work - Health and Safety - Observation and All work places Daily, Contractor WBSETCL | Cost included
Environment inspection monthly in the contract
11 | Accidents - No. of traffic - Record of accidents Contractor’s office Continuous Contractor WBSETCL | Expenses by
accidents records Contractor
- No. of accidents
human and fire
cases
12 | Cross-boundary | - Amount of CO2 - Record of machinery Contractor’ officer Continuous Contractor WBSETCL | Expenses by
impacts and emissions maintenance records (every Contractor
Climate change day)
Operation Stage
1 Work - Health and Safety Observation and | All work places Daily, WBSETCL WBSETCL | WBSETCL
Environment inspection monthly
2 Accidents - Counter measures - Record of accidents Project site Continuous WBSETCL WBSETCL | WBSETCL
for traffic, labor, fire | - Check of Cautionary records

accidents

signs placed on
required points on site.

(source: JICA Study Team)
(note: The format is given according to the JICA Guidelines 2010.)
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11.10.1
WBSEDCL
WBSEDCL Environmental Management Unit EMU
EMU
Stakeholder Committee
EMU

EMU

MoEFCC JICA DFO BDO
EMU
Figure 11.10.1-1

Local Residents MoEFCC JICA

l

Request/
. Comment/
Report/Explanation Advice
Environmental * Environmental
< ESC™ personnel | L
Management [ (Constructor) - Monitoring
Consultant Consultant

*ESC: Environmental and Social Considerations

(source: JICA Survey Team)
Figure 11.10.1-1 Implementation System of Environment Management and Monitoring

in the Construction Phase
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11.10.2

EMU
EMU
EMU
MoEFCC JICA Figure 11.10.2-1
Local Residents MoEFCC JICA
l A

Request/

Comment/

Report/Explanation Advice

Environmental
Monitoring
Consultant

(source: JICA Survey Team)
Figure 11.10.2-1 Implementation System of Environment Management and Monitoring

in Operation Phase

11.11
11111
2017 10 Panchayat
GPO 2017 11
2018 2
2016 2 2 30
Table 11.11.1-1 Outline of Key Informant Interview (Representatives’ Meeting)

Date 12 October, 2017

Venue Ajodhya Gram Panchayat Office and Baghmundi Development Office

Time 10:00 - 11:00, 15:00 - 16:00

(Note) Two meetings were held separately at upper reservoir area and lower reservoir area due to
geographical remoteness.
Participants | Local representatives

2 JICA HP
https://www.jica.go.jp/english/our_work/social_environmental/id/asia/south/category_a_b_fi.html 2018 8
3 HP  SIA
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Ajodhya Gram Panchayat
Baghmundi Gram Panchayat
Baghmundi Panchayat Samity
Local residents
Administrative Officers
BDO
Sub-inspector, Bagmundi Police Station
Executing Agency (WBSEDCL)
Assistant Chief Engineer, Kolkata Headquarters
Assistant Engineer, Baghmundi Office
JICA Study Team
Environment Sub-team
WAPCOS
(25 people in total)

Agenda

Explain the project outline

Share the anticipated impact

Survey schedule and contents

Request for cooperation toward the survey implementation

Opinions

Willing to have new project, and to support the upcoming survey.

Benefits brought by the construction of former PPSP were not felt suffficient to the local
communities.

Local impacts such as infrastructure development should have been provided more in former PPSP.
More job opportunities are expected.

Better health care service is expected along with the implementation of new project.

Better communication network is expected.

Better drinking water provision is expected.

11.11.2

(source: JICA Study Team)

11

Ajodhya Gram Panchayat Office BDO

BDO GPO

2008 Purulia
2016 2

Annex 11-5
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Table 11.11.2-1 Outline of Group Interview with Local Residents (Upper Reservoir Area)

Date 27 November, 2017
Venue Ajohya Gram Panchayat Office
Time 11:40 - 15:30

Participants

Local residents

27 people (9 males and 18 females from 6 villages): 10 groups
Administrative Officers

BDO (1)

Sub-inspector, Bagmundi Police Station (1)
Executing Agency (WBSEDCL)

Assistant Engineers, Kolkata Headquarters (2)

Assistant Engineer, Baghmundi Office (1)
JICA Study Team

Team members (3)

Local consultant (WAPCOS) (4)
(60 people in total)

Agenda

Explain the project outline

Share the anticipated impact

Learn the local socioeconomic status

Hear individual opinions on the project implementation
Impact of former PPSP

Opinions

Willing to have new project.

Vocational trainings such as tailoring are expected. It will help get out of dependency on forest
resources.

Former PPSP brought electricity, upgraded roads, and improved communication network. More
guests on picnic keep coming to visit reservoirs, which gives local people opportunities to raise their
income.

Improvement of irrigaiton water and drinking water is expected, since accute water crisis during
summer occurs.

Information on the local area development measures should be shared.

(source: JICA Study Team)

Table 11.11.2-2 Outline of Group Interview with Local Residents (Lower Reservoir Area)

Date 28 November, 2017
Venue Baghmundi Gram Panchayat Office
Time 11:10 - 16:00

Participants

Local residents
47 people (7 males and 40 females from 10 villages): 12 groups
Administrative Officers
Joint BDO (1)
Executing Agency (WBSEDCL)
Additional Chief engineer & Pojrect Site in Charge (PPSP) (1)
Assistant Engineers, Kolkata Headquarters (2)
Assistant Engineer, Baghmundi Office (1)
JICA Study Team
Team member (1)
Local consultant (WAPCOS) (3)
(36 people in total)

Agenda

Explain the project outline

Share the anticipated impact

Learn the local socioeconomic status

Hear individual opinions on the project implementation
Impact of former PPSP

Opinions

Willing to have new project. More development is expected.

Former PPSP did not bring benefits to all local residents.

Plastic plates which picnic tourits bring for meals should be prohibitied. Instead, organic plates
created by local people can be sold, which generates local income.

Hospital shoulld be developed.

Information on the local area development measures should be shared.

(source: JICA Study Team)
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11.11.3

2018 2
2017 11 BDO GPO
WBSEDCL CSR
Annex
116 Annex 11-7
Table 11.11.3-1 Outline of Public Consultation (Upper Reservoir Area)
Date 21February 2018
Venue Ajodhya GP Office
Time 11:00 to 13:00

Participants

Local residents
41 people (19 males and 22 females from 16 villages)
Administrative / Technical Officers
BDO (1)
Forest Officer and Range Officer (Ajodhya Range Office) (2)
Executing Agency (WBSEDCL)
Assistant Engineer, Kolkata Headquarters (1)
Assistant Engineer, Baghmundi Office (1)
JICA Study Team
Team members (4)
Local consultant (WAPCOS) (3)
(53 people in total)

Share the results of supplemental environmental survey (focused on elephant survey) and social
survey

Propose protection measures for elephant

Present livelihood improvement activities and local area development plan that reflect feedbacks

Agenda from group interview of Nov 2017
Present mitigation measures taken in the planning of Turga PSP
Share WBSEDCL’s CSR activities for PPSP and good practices of PPSP
Q&A and opinions from participants
Happy about the fact that most of the suggestions raised in the group interview of Nov 2017
Opinions are well taken and reflected into the plan. All the countermeasures should be realized.
Welcome the proposed project as it will lead to better earning sources although collection of
NTFPs in the project site will be affected.
(source: JICA Study Team)
Table 11.11.3-2 Outline of Public Consultation (Lower Reservoir Area)
Date 22 February 2018
Venue Baghmundi GP Office
Time 12:00 to 14:00

Participants

Local residents

56 people (5 males and 51 females from 10 villages)
Administrative / Technical Officers

BDO (1)

Forest Officer and Range Officer (Baghmundi Range Office) (2)
Executing Agency (WBSEDCL)

Additional Chief engineer & Pojrect Site in Charge (PPSP) (1)

Assistant Engineer, Kolkata Headquarters (1)

31
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Assistant Engineer, Baghmundi Office (1)
JICA Study Team

Team members (4)

Local consultant (WAPCOS) (3)
(68 people in total)

Share the results of supplemental environmental survey (focused on elephant survey) and social
survey

Propose protection measures for elephant

Present livelihood improvement activities and local area development plan that reflect feedbacks

Agenda from group interview of Nov 2017
Present mitigation measures taken in the planning of Turga PSP
Share WBSEDCL’s CSR activities for PPSP and good practices of PPSP
Q&A and opinions from participants
Request for a bathing ghat for women, drainage system and improvement of drinking water
- facilities.
Opinions . . . . -
Request for job opportunities, equipment and skill development training
Request for relocation of temple.
(source: JICA Study Team)
11.12
11.12.1
292ha 7.82 ha
ROW
Table 11.12.1-1 Usage of the Project Land and their Present Use
(Unit: ha)
Land category
Component Land use Non-forest land
Forest land :
Government Private
1. Turga PSP 291.416 233.416 0 0
a. Submer_gence area (lower & upper 146.589 112.900 33.689 0
reservoirs)
b. | Civil structures 16.332 16.332 0 0
c. | Construction facilities 18.387 18.387 0 0
d. | Stockpile, processing and disposal area 18.600 18.600 0 0
e. | Project roads (permanent & temporary) 21.970 21.970 0 0
f. | Rock quarry area 18.600 18.600 0 0
g. | Borrow area 42.401 18.090 9.55 14.761
h | Other project components 8.537 8.537 0 0
2. ROW of Transmission line 7.820 7.820 0 0
3. TOTAL 299.236 241.236 43.239 14.761

(source: WBSEDCL)

(note 1: The non-forest land for the submergence area, 33.689 ha, is the irrigation reservoir presently located where lower

reservoir will be developed. The reservoir belongs to the I&W Dept.)

(note 2: The borrow area (24.311 ha) is comprised of WBSEDCL’s former borrow area used in the construction of Purulia

PSP (9.55 ha) and private land (14.761 ha).)

(note 3: Breakups of each component are different from those written in the DPR and EIA submitted to the GOI in 2016. The
figures shown in the above table are the latest and final ones that reflect the results of MOEFCC’s site inspection conducted

in November 2017.)

11.12.2
234 ha I 2018
4 MoEFCC 7
WBSECL
ROW
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WBSEDCL

11.12.3

WBSEDCL

DFO

158.9 ha

11.12.4

11.13

11.13.1

11.13.1-2

MoEFCC

WBSETCL
Purulia
WBSDEDCL
WBSEDCL
Purulia
234 ha
400 ha
234 ha Purulia

Table 11.13.1-1

WBSEDCL

75.1 ha Jalpaiguri

Table

Table 11.13.1-1 Central Acts under Land Acquisition and Requisition, Resettlement and

Compensation

Year (last
Issue Name of Legal Documents
amendment)
Right to Fair Compensation and Transparency in Land Acquisition, Rehabilitation and 2013
. Resettlement Act, 2013
Land Acquisition, 3 - - - o o
Right to Fair Compensation and Transparency in Land Acquisition, Rehabilitation and
Resettlement and . 2015
. Resettlement (Amendment) Ordinance, 2015
Rehabilitation —.
Land Acquisition Act (repealed) 1894
National Rehabilitation and Resettlement Policy (repealed) 2007
The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) 2006
. . Act, 2006
Living Rights - . — -
The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) 2012
Amendment Rules, 2012
Right of Way | Indian Telegraph Act, 1885 2006
Compensation The Electricity Act, 2003 2003

(source: JICA Sturdy Team)
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Table 11.13.1-2 State Acts under Land Acquisition and Requisition, and Compensation

Year (last
Issue Name of Legal Documents
amendment)
Land Acquisition (West Bengal Amendment) Act, 1997 2011
The West Bengal Land (Requisition and Acquisition) Re-Enacting Act, 1977 2011
Land Acquisition and | The West Bengal Land (Requisition & Acquisition) Act, 1948 ‘Act Il of 1948) 2011
Requisition, and | The West Bengal Land Acquisition Act, 1894 (Act |, 1894) 2011
Compensation The West Bengal Land Development and Planning Act, 1948 1948
The West Bengal Acquisition and Settlement of Homestead Land Act, 1969 1969
The West Bengal Requisitioned Land (continuance of Power) Act, 1951 (Act VIII of 1951) 1951

(source: JICA Sturdy Team)

M)

Land Acquisition Act
National Rehabilitation and Resettlement Policy
2013
Right to Fair Compensation and Transparency in Land Acquisition, Rehabilitation and

Resettlement Act
32

SIA SIMP
SIA 60
District Collector

)
The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act
2006

(3) ROW

ROW

32 The Land Acquisition (Mines) Act, 1885, The Indian
Tramways Act, 1886, The Damodar Valley Corporation Act, 1948, The Resettlement of Displaced Persons (Land
Acquisition) Act, 1948, The Requisitioning and Acquisition of Immovable Property Act, 1952, The National Highways Act,
1956, The Coal Bearing Areas Acquisition and Development Act, 1957, The Ancient Monuments and Archaeological Sites
and Remains Act, 1958, The Atomic Energy Act, 1962, The Petroleum and Minerals Pipelines (Acquisition of Right of User
in Land) Act, 1962, The Metro Railways (Construction of Works) Act, 1978, The Railways Act, 1989, The Electricity Act,
2003.
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11.13.2 JICA

JICA
OP4.12 Annex A
JICA JICA
OP 4.12

OP 4.12
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200

11.13.3 JICA
JICA
JICA
Table 11.13.3-1 Differences between Indian Legislation and JICA Guidelines
Issue Provisions in Indian Laws IIEACILEAIES (2 B e & 2 Differences
Social Considerations 2010
Avoidance of Involuntary resettlement and loss of means of | Involuntary resettlement and loss of | No gap
. livelihood are to be avoided when feasible by | means of livelihood are to be avoided
involuntary - . - . p -
exploring all viable alternatives. when feasible by exploring all viable
resettlement )
alternatives.
T When population displacement is unavoidable, | When population displacement is | No gap
Minimization of - L . .
involuntary effective measures to minimize impact and to un_a\_10|_dab_le, effective measures to
compensate for losses should be taken. minimize impact and to compensate for
resettlement
losses should be taken.
A family as a unit will receive R&R grant | People who must be resettled | Nogap

Restoration and
improvement of
livelihoods

over and above the compensation and
those who are not entitled to
compensation. Section: 31

Homeless entitled to constructed house,
land for land in irrigation projects in lieu
of compensation, in case of acquisition for
urbanization 20% of developed land
reserved for owners at a price equal to
compensation’ jobs or onetime payment or
annuity for 20 years’ subsistence grant,
transportation, land and house registered
on joint name husband and wife, etc.
Second Schedule

Provision for infrastructural amenities in
resettlement areas. Section: 32 and Third
Schedule

involuntarily and people whose means
of livelihood will be hindered or lost
must be sufficiently compensated and
supported, so that they can improve or at
least restore their standard of living,
income opportunities and production
levels to pre-project levels.

Compensation at
replacement
value

The Collector shall take possession of land
after ensuring that full payment of
compensation as well as rehabilitation and
resettlement entitlements are paid within
three months for the compensation and a
period of six months for the monetary part
of  rehabilitation and  resettlement
entitlements. Section: 38. (1)

Recognizes 3 methods and whichever is
higher will be considered which will be
multiplied by a factor given in The First
Schedule. Compensation given earlier will
not be considered; If rates not available
floor price can be set; Steps to be taken to
update the market value. (Section 26 and

Compensation must be_based on the full
replacement cost as much as possible.
Replacement cost is the amount
calculated before displacement which is
needed to replace an affected asset
without depreciation.

It is necessary to
make sure that the
total amount of
compensation is
equivalent to the
full  replacement
value (without
depreciation)  or
more.

The First Schedule) Provision for

employment, fishing rights, annuity policy

etc. (Section: 31 and The Second

Schedule)
Compensation The Collector shall be responsible for | Compensation and other kinds of | No gap
prior to ensuring that the rehabilitation and | assistance must be provided prior to
displacement resettlement process is completed in all its | displacement.

aspects before displacing the affected

families. Section: 38. (2)

Consultation with Panchayat, | Appropriate participation of affected | Stakeholder

Participation and
consultation

Municipality, to carry out SIA. (Section: 4.

people must be promoted in planning,
implementation, and monitoring of

meeting shall be
held at two stages
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JICA Guidelines for Environmental and

Issue Provisions in Indian Laws Social Considerations 2010 Differences
(1)) resettlement action plans. during the
Public hearing for Social Impact | In preparing a resettlement action plan, | planning period:

Assessment. Section: 5.
Discussion on and Public hearing for Draft
Rehabilitation and Resettlement Scheme
Section: 16. (4). and (5).

consultations must be held with the
affected people and their communities
based on sufficient information made
available to them in advance.

scoping draft and
draft final report.

Grievance redress
mechanism

Establishment of Land Acquisition,
Rehabilitation and Resettlement Authority
for disposal of disputes relating to land
acquisition, compensation, rehabilitation
and resettlement. Section: 51. (1). and
Section: 64.

The Requiring Body or any person
aggrieved by the Award passed by an
Authority under section 69 may file an
appeal to the High Court within sixty days
from the date of award. Section: 74. (1).
and (2).

Appropriate and accessible grievance
mechanisms must be established for the
affected people and their communities.

No gap

Preparation  of  Rehabilitation  and
Resettlement Scheme including time line
for implementation. Section: 16. (1) and

@.

For projects that entail large-scale
involuntary resettlement, resettlement
action plans must be prepared and made
available to the public.

No gap

Resettlement plan Separate  development plans to be | For projects that entail land acquisition | ARAP needs to be
prepared. Section 41 or involuntary resettlement of fewer | developed if the
than 200 people, an abbreviated | given condition is
resettlement plan is to be prepared. (WB | applicable.
OP4.12 para.25)
The draft Rehabilitation and Resettlement | For projects that entail large-scale | No gap
Scheme prepared shall be made known | involuntary resettlement, resettlement
locally by wide publicity in the affected | action plans must be prepared and made
area and discussed in the concerned Gram | available to the public.
Information Sabhas or Municipalities and in website. | When ) consultations' are held,
disclosure Section: 16. (4) explanations must be given in a form,
The approved Rehabilitation and | manner, and language that are
Resettlement Scheme to be made available | understandable to the affected people.
in the local language to the Panchayat,
Municipality or Municipal Corporation
and in website. Section: 18.
SIA is must before taking final decision on | Affected people are to be identified and | No gap

Implementation
of social impact
assessment

acquisition of land followed by
preparation of R&R Scheme.

While the policy does not specify any
requirement for screening of the project at
an early stage for resettlement impacts and
risks, it requires carrying out SIA before
any proposal for land acquisition
(Section-16).

Carry out census of affected people and
their assets to be affected, livelihood loss
and common property to be affected; R&R
scheme including time line for
implementation. (Section: 16. (1) and (2)).

recorded as early as possible to establish
their eligibility through an initial
baseline survey (including population
census that serves as an eligibility
cut-off date, asset inventory, and
socioeconomic survey), preferably at the
project identification stage, to prevent a
subsequent influx of encroachers who
wish to take advantage of such benefits.
(WB OP4.12 para.16)

Traditional rights
and residence
rights

The Act recognizes Section: 3. (c)

a family which does not own any land but
belong to the family of an agricultural
laborer, tenant, share-croppers, or artisans
or working in affected area for three years
prior to the acquisition of the land.

the STs and other traditional forest
dwellers who have lost any of their forest
rights

family whose primary source of livelihood
for three years prior to the acquisition of
the land is dependent on forests or water
bodies and includes gatherers of forest
produce, hunters, fisher folk and boatmen
a family residing or earning livelihoods on
any land in the urban areas for preceding
three years or more prior to the acquisition
of the land

Eligibility of benefits includes the PAPs
who have formal legal rights to the land
(including customary and traditional
land rights recognized under law), the
PAPs who don’t have formal legal rights
to the land at the time of census but have
a claim to such land or assets and the
PAPs who have no recognizable legal
right to the land they are occupying.
(WB OP4.12 para.15)

No limit shall be
imposed

regardless of how
long they reside
the site. On the
other hand, there
shall be a
cut-off-date  (or
alternative) to

Identification of
the affected

N/A

Persons who encroach on the area after
the cut-off date are not entitled to

identify the
project  affected
people and to
prevent influx of
encroachers

The COD or

alternatives shall
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JICA Guidelines for Environmental and

Issue Provisions in Indian Laws Social Considerations 2010 Differences
people compensation or any other form of | be declared to
resettlement assistance (WB OP4.12 | prevent influx of
para.15) encroachers.
N/A Adverse impacts on host communities | The degree of
should be minimized. (WB OP4.12 | impact caused to
Minimization of para.13 (b)) the host
adverse impact on communities shall
host community be assessed if the
given condition is
applicable.
Land for land in case of irrigation projects | Preference should be given to | Nogap
to the land owners losing agricultural land. | land-based resettlement strategies for
Land for land in every project to land | displaced persons whose livelihoods are
Land-based owners belong to SC and ST community | land-based. (WB OP4.12 para.11)
resettlement up to 2.5 acres of land. Section: 31 and
The Second Schedule
Provision of housing units in case of
displacement. Offer for developed land.
Section: 31 and The Second Schedule
N/A Provide support for the transition period | Assistance during

Assistance during

(between displacement and livelihood
restoration). (WB OP4.12 para.6 | (i))

transitional period
shall be examined

transition period if the given
condition is
applicable.
Landless people are considered and | Appropriate consideration must be given | No gap
eligible for R&R grants. Section: 16. (2). to vulnerable social groups, such as
Widows, divorcees, abandoned women | women, children, the elderly, the poor,
will be considered as separate family and | and ethnic minorities, all members of
entitled to R&R provisions Section: 3. (m) | Which are susceptible to environmental
. Homeless entitled to constructed house | and social impacts and may have little
Assistance for and landless entitled to land in irrigation | access to decision-making processes
vulnerable people - g e ;
project. Second Schedule within society.
Special provision for SC / ST; Section: 41.
Additional provisions for SC&ST for land
for land in irrigation projects, additional
sum over and above the subsistence grant.
Second Schedule
The Rehabilitation and Resettlement | In cases where sufficient monitoring is | No gap
Committee, to monitor and review the | deemed essential for appropriate social
progress of implementation of the | considerations, project proponents must
Rehabilitation and Resettlement scheme | ensure that project plans include feasible
and to carry out post-implementation | monitoring plans.
Monitoring social audits in consultation with the Gram | Project proponents should make efforts
Sabha in rural areas and municipality in | to make the results of the monitoring
urban areas. Section: 45. (1) process available to local project
Set up National and State-level Monitoring | stakeholders.
Committee to review and monitor
progress. Section 48-50
The requiring body shall bear the cost of | The full costs of resettlement activities | No gap
Cost for acquisition covering compensation and R&R | necessary to achieve the objectives of

resettlement

cost. Section: 19. (2) and Section 95. (1)

the project are included in the total costs
of the project. (WB OP4.12 para.20)

11.134

DPR

WBSEDCL

(source: JICA Study Team)

WBSEDCL
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33

WBSEDCL

WBSEDCL
Kudna
ARAP
Table 11.13.3-1
WBSEDCL
WBSEDLC
WBSEDCL
BDO
1)
%)
(%]
1]
& Hatinada 2
Kudna

34

Purulia
JICA
ARAP
JICA
34
WBSEDCL

District Magistrate BDO
WBSEDCL

Gosaidi 2 2 4 5

7ha

JICA

WBSEDCL

Baghmundi

2018

4
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®)
@ ARAP

4)
@ WBSEDCL

1%}
@ ARAP
1%}

11.14

2017 11

11.141

Purulia WBSEDCL

ARAP

Kudna

BDO
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Table 11.14.1-1 Number of the Affected Households and their People

(Unit: number)

Type of affected people Village Legal Unauthorized (encroached) TOTAL
Household Person Household Person Household Person

Cultivators of WBSEDCL

owned land in Kudna 1 0 0 5 25 5 25

(LCA-1)

(source: JICA Sturdy Team)

(note: WBSEDCL will conduct local consultations to officially identify the number of the affected households and people
with information provided by the District Magistrate, if they find they must explore non-forest land to temporarily use as
borrow area. The numbers in the table are the snapshot collected in the initial baseline survey as of November 2017.)

WBSEDCL

District Magistrate Office  Land Revenue

Department

11.14.2

@)
WBSEDCL

ARAP
Annex 11-8

Table 11.14.2-1  Assets Likely Impacted under the Project

; ; No of Land condition and products as stated by the affected
Land use in the project Affected Land (ha) Affected households
Village Purpose Location ID Gov land Pvt land HH Condition Product Product purpose
Borrow Kudna self-consumption /
Kudna area (LCA1) 4.98 - 5 farmland Paddy commercial

(source: WBSEDCL and JICA Study Team)
(note: WBSEDCL will conduct local consultations to officially identify the number of the affected households and people
with information provided by the District Magistrate, if they find they must explore non-forest land to temporarily use as
borrow area. The number of affected households, land condition and products are as stated by the interviewed households
collected in the initial baseline survey as of November 2017 )

)

Baghmundi
Table 11.14.2-2
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Table 11.14.2-2 Yields of Various Crops in the Project Surrounding Area

S.No Name of the Crop Yield (Quintal/ha)
1. Wheat 25
2. Kalai 9.5
3. Tomato 31
4. Onion 37
5. Paddy 51

(source: Office of the Assistant Director of Agriculture)

11.14.3
ARAP Annex 11-8
Table 11.14.3-1 Profile Summary of the Affected Households and their People
Household members occupation

L'iving caste / tribe language n il

village Total male | female Primary Secondary income (Rs.)
Kudna General Bengali 6 4 2 | driver, operator | farmer 27,000
Kudna ST (Santhal) | Santhali / Bengali 5 1 4 | farmer laborer 3,000
Kudna ST (Santhal) | Santhali / Bengali 4 1 3 | farmer laborer 3,000
Kudna ST (Santhal) | Santhali / Bengali 4 3 1 | laborer farmer 5,000
Kudna ST (Santhal) | Santhali / Bengali 6 4 2 | farmer laborer 5,000
TOTAL 25 13 12

(source: JICA Sturdy Team)
(note: WBSEDCL will conduct local consultations to officially identify the number of the affected households and people
with information provided by the District Magistrate, if they find they must explore non-forest land to temporarily use as
borrow area. The numbers in the table are the snapshot collected in the initial baseline survey as of November 2017.)

11.14.4
Santhal Santhal
Bihar Jharkhand West Bengal Odisha Tripura
Santhali
Santhali Baghmundi
Santhal %
Individual
Household Latrine IHHL
Rs. 10,000

% The West Bengal Scheduled Castes and Scheduled Tribes (Identification) Act, 1994, The

Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest Rights) Act 2006, The West Bengal
Scheduled Castes and Scheduled Tribes (Reservation of Vacancies in Services and Posts) Act, 1976.
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11.15

11.15.1
Table 11.15.1-1
Table 11.15.1-1 Entitlement Matrix
Tvoe of loss Entitled Persons Entitlement (Compensation Implementation Responsible
yp (Beneficiaries) Package) issues/Guidelines Organization
Loss of access to | Cultivators - Crop / vegetable <Assessment> <Assessment>

cultivable land by

(unauthorized) of

compensation equivalent

- Assessment of quantity

Dept. of Agriculture

cultivator WBSEDCL land to higher values of either and quality of land <Entitlement>
1) government prices at - Assessment of market Contractor (supervised
the time of compensation, value of crops / by WBSEDCL)
or 2) annual average vegetables <Payment>
market prices <Entitlement> Contractor  (supervised
- Double harvesting times - Updating of title of the by WBSEDCL)
- Additional grant (20%) affected persons
for the expenses - APs will be fully
(manpowver, fertilizer, informed of the
materials, seeds, entitlements and
seedlings etc.) procedures regarding
payments in prior
<Payment>
- Prior payment
(source: JICA Sturdy Team)
(note: Existing local government regulations of Purulia District for compensation
calculations for crops and vegetables will be used where ever available.)
11.15.2
WBSEDCL
Purulia
X*2*1.2
X:
2: 2
1.2 120 20
Baghmundi Block lha 51 quintal
5,100 kg 1 quintal 1,550
Kudna
2017 95 Table 11.15.2-1
10
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Table 11.15.2-1 Estimation of Crop Compensation

. (d=@*b)* | eay=(qy* —(d)+(*
Affected Land @) (b) (‘0) tD)r(e) | (O=@02 | (D=(d)+(e)
Gov c'erV;';%f d Production Govt Rate of Compensatio Top-up (20%
Village land Pvt land for Paddy One Season Eaddy/ n for Two for fodder, TOTAL
(ha) (ha) (Quintal / (Quintal / Quintal (Rs. Crops (Rs.) manpower (Rs.)
ha) ha) / quintal) P ' etc. Rs)
Kudna 4.98 0 51 610.98 1,550 787,338 157,468 944,806
(source: JICA Study Team)
(note: the average crop yield for paddy and government rate of paddy per quintal are as
of 2017/18 collected from the Department of Agriculture.)
11.15.3
@)
Purulia Industrial Training Institute ITI
5 5 15,000
5,000
375,000 Table 11.15.3-1
Table 11.15.3-1 Details of ITI Expenditure per Temporarily Affected Family
S.No. Activities Amount (Rs.)
1 Hostel expenses (@ Rs.5,000/month x 5 students x 1 year) 300,000
2 Fees/course material (@ Rs.15,000/year x 5 students for 1 year) 75,000
Total 375,000
(source: JICA Survey Team)
)
Table 11.15.3-2
Table 11.15.3-2 Training and Extension Courses for Farmers
No. Program Measures
1 Prevention of spread of Hygine and personal health care
water related diseases Control of water spills, pudding etc.
Prevention and prophylactic measures for control of vectors
Disposal of human waste
Disposal of drainage water
2 Safe use of agro-chemicals | Control of weeds in channels

Methods of cleaning and disposal of weeds
Detrimental environmental effects of agro-chemicals
Information on biological weed control.

Pest control
Specific uses of pesticides and its optimization
Residual degradability
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No.

Program

Measures

Effect on untargeted species

Safety procedures during application

Rate and frequency of application
Disposal of packing material and surpluses
Storage of chemicals

Fertilizer use

Type, dosage, application techniques, timing and frequency of application and
its relationship with type of soils;

Disposal or storage of packing materials and surpluses.

Topics to be covered under Environmental conservation programmes are:
Protection of forest or trees

Control of tree felling of fuel wood and timber

Advice on establishment of village woodlot

Soil conservation measures.

Such training courses can be organized by Agriculture Department, state
government of West Bengal

Information on cropping measures such as weeding, rotational cropping, cleaning of
bunds, etc.

3 Environmental conservation

program

Dissemination

11.16

11.16.1

36

Purulia

% JICA HP

(source: JICA Survey Team)

150

SIA
Turga

WBSEDCL

WBSEDCL

CSR

CSR

Baghmundi BDO

https://www.jica.go.jp/english/our_work/social_environmental/id/asia/south/category a b _fi.ntml 2018 8
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11.16.2

WBSEDCL

11.16.3

WBSEDCL
Purulia District Magistrate BDO Gram Panchayat Office
11.16.4
11.17

WBSEDCL

District Magistrate Office Land Revenue

Department

Detailed Measurement Survey DMS
District Magistrate  BDO

Kudna
a) b)
2
ARAP ARAP
BDO
ARAP
WBSEDCL DM BDO
BDO WBSEDCL
WBSEDCL
11.18
WBSEDCL
DM
BDO
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11.19

WBSEDCL

BDO BDO

2.8

Table 11.19-1 Cost Estimate for Crop Compensation and Trainings for Income Restoration

No Item Cost (Rs.)
A Crop compensation for the affected people 944,806
B Livelihood Restoration Activities
1. Skill development trainings 375,000
(1) Hostel expenses (@ Rs.5,000/month x 13 students x 1 year) 300,000
(2) Fees/course material (@ Rs.15,000/year x 13 students for 1 year) 75,000
2. Training and Extension Courses for Farmers 1,500,000
(1) Prevention of spread of water related diseases
(2) Safe use of agro-chemicals Lump sum
(3) Environmental conservation program
Total 2,819,806
(source: JICA Study Team)
11.20
WBSEDCL
BDO WBSEDCL
ARAP
ARAP
11.21
11.11
EIA 2016 2
WBSEDCL
EIA
CSR
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12

12.1
12.1.1 DPR
Figure 12.1.1-1 West Bengal State Electricity Distribution
Company Limited WBSEDCL Detailed Project Report DPR
135
2022 5
135
WBSEDCL DPR
1%
WBSEDCL
Figure 12.1.1-2 JICA
DPR
DPR 2027
7 DPR 5
2 2029 2

12-1



TURGA PUMPED STORAGE PROJECT 1000 MW [4 x 250 MW
DETAILED PROJECT REPORT-CONSTRUCTION PROGRAMME

™ L ke Tase hamne P.;-.-.-, | 2 Yagrl | Yagrd | [
s[of[w[ol alml o[ [alsolwloly Ml s [alsTolwlol o e mlalal [ 1 a o[ o o [0 [eTm[alaaly [ olwlol )
Swmet Date
PROJECT MILESTONES _H UHC*!WI
PRE-CONSTRUCTION WORK
Land Acquisition
Pre-ConstrucBions Survey Investigation
Model Teating 2nos
Infrastudure Project Road from Lower Dam o Upper 13km
Cam alongwith Darinage and requisite ooss dannage
Protection works for Uphill and Dewnhill us
Construcon Power Amangemeant From existing Grid 1 job
including s/s
Railway Siding at Barabhum 1 job
laB1 Detailed Design & Drawings (Tender and Detailing 3 Categories
During Comstruction)
R Detmiled Deaign Engineering
WwB2.1 Pre-Qualfeaton for ICBE Works 3 packages |
AB2.2 Prepartion of Tender Documants 3 packages e
AB2.3 Pre- Qualification of Bidders/S horgisting of Bidders 3 packages — |1
B2 4 Tender Processing Including evaluation and award of 3 packages =
main project works é:?nj.\;orn
Main Project Activities (Zero Date 01-10-2017) —
Mobilzation Penod 2 Months ——
Main Civil Works (Surface)
Upper Embankment Dam
Care of River for Upper Dam Construction
1 |B1.2 Constructon of Diversion Tunnel cum Botiom Outiet &8im [ -
B3 B3 Constructon of Ufs Coffer Dam 1nos - ke
4 |B2.0 Construction of Upper Embankment Dam | 1
5 B2 Foundation Excavation(Comman and Rock) IG2048 m3 e :
| % |22 Foundation Treatment 22147 m - |
7 B23 Embankment of Fill{Core, Filler, Shell, Materials, Rip Rap) 3566472 m3 - S .
Construction of Upper Dam S pillway |
Foundation Excavation(Comman and Rock) 5763 m3 4
Y and Gurtain Grouting) 5300 m =
Spill waty Goncre tng 48210 m3 r
Construction of Lower Dam
Constructon of Coffer Dam{ Core Filter | Rock Fill, Rip Rap41 5823 m3 i
Constructon of Diversion Channal 730 m L P |
Constructon of Concrete Gravity Dam 872 miL) 11 [
Foundation Excavation(Comman and Rock) 442533 M3 :
Foundation Treatmant (Consalidation and Curtain Grouwting 73800 m
Constructon of Lower Dam (Concreie) BABETE m3 L o S T
Construction of Saddle Dam T 1T 1 T 1T 1 1
40 |B5.1 Foundation Excavation(Comman and Rock) 148820 m3 he — T 1T 1
41 |B52 Foundation Treatment(Consolidation and Curtain Grouting 13716m b
L Embankment of Fill{ Core, Fiter, Shell, Marals, Rip Rap) 2061670 m3 e
Main Civil Works {Underground)
Intake
Constructon of Intake Stuciures
Excavaton of Intake Stuctures E23183 m3
Concrete(Formwark, Reinforcemnt i) 33585 m3 I
Constructon of Gate Shafts 1T
Excavation of Gate Shafla 14885 m3 1
Concrete(Fommwork, Rein forcemnt eic) 7582 m3 ——
Constreution of Work Adit, Waterway Penstock 11
Constrauton of Work Adit 1o near |P 2(Excavtion, Rock Sud30 m
Constructon of Main Access tunn el with portal 430 m —— | 1T
Constructon of Branch to Lower Panstock from MAT 333 m — i —_—
Constructon of HRT from Intake point fowards gate shaft 50 m i [
Constructon of HRT fram IP 2 towards gake shaft S33m x 2 nos | ]
Construcon of HRT fom IP 3 towards Power House ~ 73mx 4 nos |-
inciuding erection of bifturcation and concreteing |
Constructon of HRT from IP2 1o IP 3{Inclined) 174m x 2nos ! I
Construction of Work Adits and Power House Comple:
Branch to Power house Crown from MAT 120m
Branch Tunnélto Power House Taking From MAT at 200m
Saryicebay Level ]'|
Salge Excavation for Power House Cavemn 198501 m3
Stagaconcreting in powehousa cavam 81581 m3 | |
Construction of Transformer Cavern
Adit © Transformer Cavern from MAT 1665 m .__l
Stage excavtion of Transformer Cavem and Alied Tunned s42882 m3 —
Concreting in Stages D066 M3 1 o
Construction of Tail Race System [
Constructon of Work Adit to Tail Race Tunnal T1m N
Excavaton(Common and Rock) 116190 m3 p
Concreting (Farmwork Reinforcemnt atc) B0425 m3
Constructon of Tailrace outfall structutre
Excavtion{Commaon and Rock) EBB041 m3 i ;
Cancreting in Stages(Formwork , Reinforcamnt) 32458 m3 1 * )
Constructon of Gate Shaft |
Excavtion {Common and Rock) 10080 m3 |7
Concreting in Stages(Formwork , Reinforcemnt) 5664 m3 I o O
Hydro-Mechnical Works 1job — T e 1 e :
Electro-Mec hancial Works 1 jab i
Reservolr impoundment T T 11 | [
Awerage Year ( 1 unit) 1 unit [
‘Wet year | 4 unit ) Iy e e s i | !
TESTING AND COMIS SIONING
1nos
nos
1nos
inos
Tase Misne * T S il il 1 “acties MlE 0o Wil Tak ¥ 1 Wasal S ey B Mandaal Progress —
sl WO ey P el Tasks ractive Task AT S FTenaTy Dumtionanly el Sy B —

WEST BENGAL STATE ELECTRICITY DISTRIBUTION COMPANY LMITED

Figure 12.1.1-1 Overall Construction Schedule on DPR
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Rough indication of the Procedure (Yen Loan only) e 3+ 3 2 s 2 3 4 5
M
JICA LOAN AGREEMENT Procedures 011121 2 3 4567 809101112(1 23 4567891011121 2345678 09101121234567891011122(123456789101122[12345¢678 09101121 234567 809101112/1 2345678910111 234567 8910112123 456789101112(123456789101122012345678 9101112345867 8 910111
GOJ (MoF) Decision making in Japanese goverenment- whether adopt project for ODA v
JICA(Consultant) Preparatory Survey Report
JicA Fact Finding Mission v
Appraisal Mission v
GoJ OECD Notification —
Pledge v
GOl &GOJ Loan Agreement
Process of Hiring Foreign Consultant by JICA Fund.- PMC (Project Management Consultant)
JICA Normal bidding procedure (12months, JICA condition for India)
JicA Single tendering procedure (8months, JICA condition for India)
Bidding Procedure of Construction Works and Procurament by JICA Fund
JICA Pre-qualification procedure (8months, JICA normal regulation) ———
JicA Normal bidding procedure (16.5months, JICA condition for India)
A PROJECT MILESTONES
AA PRE-CONSTRUCTION WORK —
AAL Land Acauisition
AA2 Pre-Construction& Survey Investigation
AA3 Model Testing 2nos
AA4 Infrastructure Project Road from Lower Dam to Upper Dam alongwith Darinage and requisite cross darinage works 13km
AAS Protection works for Uphill and Downhill us
AAB Construction Power Arrangement From existing Grid including s/s liob
AAT Railway Siding at Barabhum 1job
AB1 Detailed Desian & Drawings (Tender and Detailing During Construction) 3 Categories
AB2 Detailed Design Engineering
B Main Project Activities (NTP May 2022) NTP | 2022/5
Mobilization Period 2 Months ve=m
B1 Main Civil Works (Surface)
B10 Upper Embankment Dam
B11 Care of River for Upper Dam Constriction
R12 Constrction of Diversion Tunnel cum Rottom Outlet 691m
B13 Construction of Uls Coffer Dam 1nos ——
B20 Construction of Upper Embankment Dam
B21 Foundation Excavation(Common and Rock) 362049 m3 ]
B22 Foundation Treatment 22147 m L ————— ————
BR23 Embankment of Fill(Core, Filter, Shell, Materials, Rip Rap) 3866472 m3
B30 Construction of Upper Dam Spillway.
R31 Foundation Fxcavation(Common and Rock) 5763m3 =
R32 foundation treatment(Consolidation and Curtain Grouting) 6000 m =
B33 Spillway Concreting 49210 m3 e—
B4O Construction of Lower Dam
R41 Construction of Coffer Dam(Care Filter , Rack Fill, Rin Ran) 415823 m3
R42 Constriuction of Diversion Channel
R4R Construction of Concrete Gravity Dam
Ra21 Eoundation Excavation(Common and Rock)
R432 —————
B44 0 ono er Dam (Concrete)
B5.0 Construction of Saddle Dam
e
———
L —
L ——
—
e
e ———
—
Y
< Excavation Cavern 18.5M e
Crane UP
- —
struction Column &inst. Crane 12M
7rm
Ro 116100 m2 ———
rfe: 60426 m2 e
utfal
ek £98041 m2
32458 m3 ———
2 e
5 e
2
1
c #41
GLL #2
GL2 - #2
13 - 444
St [ st nergizingfor1 -
H e

Figure 12.1.1-2 Revised Overall Construction Schedule
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12.1.2

DD DPR
DPR
WBSEDCL 2018 2
WBSEDCL
135
Figure 12.1.2-1
DPR 1
1 4
Figure 12.1.1-2
JICA
DPR
DPR
2027 7 DPR 5
2
2029 2
Figure 12.1.2-2
DPR LCB
4
Purulia
3 1
Figure 12.1.1-2
12 2026 8 2027 6
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Rough indication of the Procedure (Yen Loan only’ 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
™
JICA LOAN AGREEMENT Procedures 01112012 3456789101121 2345678 9101121234567 809101112[1 234567 809101112(123456786910112[123456789101112/1234567 891011121 2345678910111 2345678 9101112123 4567891011121234567809101112123456789101122(123456789101u11
GOJ (MoF) Decision making in Japanese goverenment- whether adopt project for ODA v
JICA(Consultant) Preparatory Survey Report
JICA Fact Finding Mission v
Appraisal Mission Y
GoJ OECD Notification —
P v
GOl &GOJ Loan Agreement v
Process of Hiring Foreign Consultant by JICA Fund.- PMC (Project Management Consultant)
JicA Normal bidding procedure (12months, JICA condition for India)
JicA single tendering procedure (8months, JICA condition for India)
Bidding Procedure of Construction Works and Procurament by JICA Fund
JICA Pre-qualification procedure (8months, JICA normal regulation) ————
JicA Normal bidding procedure (16.5months, JICA condition for India)
A PROJECT MILESTONES
AA PRE-CONSTRUCTION WORK —
AAL Land Acquisition
AA2 Pre-Construction& Survey Investigation
AA3 Model Testing 2 nos
AA4 Infrastructure Project Road from Lower Dam to Upper Dam alongwith Darinage and requisite cross darinage works 13km
AAS Protection works for Uphill and Downhill Ls
AAB Construction Power Arrangement From existing Grid including s/s 1job
AA7 Railway Siding at Barabhum 1job
AB1 Detailed Design & Drawings (Tender and Detailing During Construction) 3 Categories
AB2 Detailed Design Engineering
B Main Project Activities (NTP May 2022) NTP
Mobilization Period 2 Months Vemmm
Main Civil Works (Surface)
Upper Embankment Dam
Care of River for Upper Dam Construction
Construction of Diversion Tunnel cum Bottom Outlet 691m
Construction of U/s Coffer Dam 1nos N ——
Construction of Upper Embankment Dam
Foundation Excavation(Common and Rock) 362049 m3 I —
Foundation Treatment 22147m L ————
Embankment of Fill(Core, Filter, Shell, Materials, Rip Rap) 3866472 m3
Construction of Upper Dam Spillway
Foundation Excavation(Common and Rock) 5763 m3 L}
foundation treatment(Consolidation and Curtain Grouting) 6000 m =
Spillway Concreting 49210 m3 —
Construction of Lower Dam
Construction of Coffer Dam(Core Filter , Rock Fill, Rip Rap) 415823 m3
Construction of Diversion Channel 730 m
Construction of Concrete Gravity Dam 872m (L)
Foundation Excavation(Common and Rock) 442533 m3
ion Treatment (C i nd Curtail q) 73800 m ————
Construction of Lower Dam (Concrete) 848979 m3
Construction of Saddle Dam
Foundation Excavation(Common and Rock) 148920 m3 —
Foundation Treatment(Consolidation and Curtain Grouting) 13716m [
Embankment of Fill(Core, Filter, Shell, Materials, Rip Rap) 2061670 m3
Main Civil Works (Underground)
Intake
Construction of Intake Structures
Excavation of Intake Structures 623183 m3
Concrete(Formwork, Reinforcemnt etc) 33586 m3 —
Construction of Gate Shafts
Excavation of Gate Shafts 14685 m3 e
Concrete(Formwork, Reinforcemnt etc) 7582 m3 e
C ion of Work Adit, y.
Constreution of Work Adit to near IP 2(Excavtion, Rock Support) 430m
Construction of Main Access tunnel with portal 430m |, V——
Construction of Branch to Lower Penstock from MAT 333m ,«‘/‘ ‘
Construction of HRT from Intake point towards gate shaft 80m il e
Construction of HRT from IP 2 towards gate shaft 533m x 2 nos delay 12.5M from original
Construction of HRT from IP 3 towards Power House including erection of bifurcation and concreteing 73m x4 nos
Construction of HRT from IP2 to IP 3(Inclined) 174m x 2nos
Construction of Work Adits and Power House Complex 3
Branch to Power house Crown from MAT 120m —
Branch Tunnel to Power House Taking From MAT at Senvicebay Level 200m ——
Satge Excavation for Power House Cavern 199501 m3
Stageconcreting in powehouse cavern 61581 m3 <" Excavali T85m > e
Construction of Transformer Cavern Crane UP
Adit to Transformer Cavern from MAT 16.65m
Stage excawtion of Transformer Cavern and Allied Tunnels 42862 m3
Concreting in Stages 9066 m3
Construction of Tail Race System
Construction of Work Adit to Tail Race Tunnel 371m
Excavation(Common and Rock) 116190 m3
Concreting(Formwork Reinforcemnt etc) 60425 m3
Construction of Tailrace outfall structutre
Excavtion(Common and Rock) 698041 m3
Concreting in Stages(Formwork , Reinforcemnt) 32458 m3
Construction of Gate Shaft
Excavtion(Common and Rock) 10080 m3
Concreting in Stages(Formwork , Reinforcemnt) 5864 m3
Hydro-Mechnical Works 1job
Electro-Mechancial Works (Testing) 1job p—
#1 & Py Install Draft Tube by mokile crape;6M_. ~ Spiral Casing:8M __ <Asserbling £1:1N2 L _ — _ _Test3M
o
#2 in case of 12.5M shifted Install Draft Tube by mobile_crape,6M.. ~Spiral Casmg8M _ <Assembling £21N2 — — — —
#3 Install Draft Tube by moile grane;6M._. ~Spal Casng8M _ <Asserubling #3:1UN2 L _ _ _ _Test3Mm
#4 Install Draft Tube by mobile grane;6M._ ~Spiral Casng8M  <Asgerabling #4:1UM2 — — — — _Test3
F Reservoir Impoundment
F1 Average Year ( 1 unit) 1 unit
F2 Wet year ( 4 unit)
G COMISSIONING (COD) #1
Gl.1 Unit 1 1nos v v #2
G12 Unit2 1nos Fdi v #3
G1.3 Unit 3 1nos meet® v v 14
Gl4 Unit4 1nos in case of just 12.5M shifted W v

Figure 12.1.2-1 Construction Schedule Commencement after NTP (for reference)
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Implementation Schedule

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

Month

7| 8 o 1of u| 1|

Pledge

Signing of Loan Agreement

Consulting Services

o o|lo ki r o

1. Procurement of the Consultant

=
=)

1.1 Drafting RFP, Short list

1.2 Approval by Receipient (WBSEDCL)
1.3 Concurrence by JICA

1.4 Issuance RFP

1.5 Proposal by the Consultant

1.6 Tech evaluation by Receipient (WBSEDCL)

1.7 Concurrence by JICA

1.8 Financial evaluation by Receipient (WBSEDCL)

1.9 Concurrence by JICA

1.10 Contract negotiation

1.11 Receipient (WBSEDCL) approval for award

1.12 Cabinet approval for award

1.13 Signing contract

1.14 Concurrence by JICA

2. Commencement of the Consulting service

2.1 Site Survey & Design

2.2 Preparation of detailed qualification

2.3 PQ announcement

2.4 PQ floating/close

2.5 PQ evaluation and concurrence

2.6 Preparation of tender document

2.7 Concurrence for the tender documents by Receipient and JICA

2.8 Tender announcement

2.9 Tender floating
2.10 Tender opening and technical evaluation

2.11 Concurrence for the evaluation by Receipient and JICA

2.12 Price proposal opening and evaluation

2.13 Concurrence for the contract by Receipient and JICA

2.14 Contract negotiation

2.15 Concurrence for the contract by Receipient and JICA

2.16 L/C open, issuance

Commencement of the Contract

3. Lot 1 (Civil)

O 0o R kP BN EFPNRFPN®WOR®NRINGB OO OIRIP R P PP P P NMNDO P PN

3.1 Upper dam embankment

'S
© &

3.2 Upper dam spillway.

3.3 Lower dam construction

w
©

3.4 Lower saddle dam embankment

©
i

3.5 Intake

3.6 Work adit, Penstock tunnel

SN
SN

3.7 Work adit, Power house

B

3.8 Transformer.Cavern

N
=3

3.9 Tail race system

N
a

3.10. Architectural works.

N
N

=3

4. Lot-2 (Hydro-mech)

4.1Intake gate
Y

4.2 Tailrace gate
3 gal

4.3 Draft Gate

4.4 Penstock
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5. Lot 3 (Ele-mech) S T 0
5.1.1 Draft liner installation G T 6
5.1.2 Spiral casing installation G 5
5.1.3 Assembling + Pre-test T e e e O O T O O T O T P 15
5.1.4 Comissioning HHH Y 4
5.2.1 Draft liner installation FE 6
5.2.2 Spiral casing installation B G 5
5.2.3 Assembling + Pre-test glal el al a8 ai gl dl &l g 8l 8l o) 14
5.2.4 Comissioning 4y 3
5.3.1 Draft liner ir ion Qo al gl ald 6
5.3.2 Spiral casing installation il af 1 oal 5
5.3.3 Assembling + Pre-test S 2 U S S O I O 14
5.3.4 Comissioning - b LN 4
5.4.1 Draft liner installation AL LAY 6
5.4.2 Spiral casing installation Sl i 5
5.4.3 Assembling + Pre-test R NEEEEE 14
5.4.4 Comissioning AL 3
0
6. Lot 4 (Transmission line) 0
6.1 Foundation AL 6
6.2 Transmission tower erection R 6
6.3 Stringing 44 4
6.4 Comissioning L 1
0
7. Lot 5 (Prep work) 0
7.1 Preparﬂtawworks i N 1 11y A % %1 1 L A 1 1 1 af % 1 1 % 1 1 1 1 1 % 1 af 10 1 1 1 1 1 1 1 1 % 1 af 10 1 1 1 1 1 1 1 1 1 1 af 1 i 1 1 1 1 1 1 1 10 i 1f 1 i 1i 1 1 1 1 1f 1 10 1 1f 1 1 1 1 1 1 1 1 1 1 1 1f i 1 1 1) 1 10 1f 1 1j 1 1] 11 104
7.2 Main access tunnel AL AL AAL AL A LA 13
7.3 Access road o aalaad sl sl sl s el al g 15
0
\Warranty/Defect Liability Period e ) B 12
0
i 5 0 0 0 0 0 0 0 0 0 0
Land Acquisition R ——— G N R R [ S S R S [ R S R S B T R S B B R [ T B S R B R [ S S A R [ A B S R S [ S A [ R S A R [ S D G R S R [ S T D S S R T N S S R B R 5
EHES S HES S 1 i i H
. 7 12 12 0 0 69 a0 2027
i [T [N T B N N GO R Y T T T (T T T TS S B I PN O T N TN T e e e O O R N O O T T T I O T A A Y B
Lot -1 Civil i I Laiaiaiaiaioaioag i aiaiaiaiaiai 120 2i2iai i i aiaiaiaf aioaioaiai 11l 1 1i Y
. 0 4 ] 0 40 2022
i T T T i T I O B R O O T T T I T Y B Y B
Lot - 2 Hydro-mech H HA N T H i s s
i [ P 9 | T T T I S R O 62 20es 202
Lot - 3 Ele-mech i I R T T i T A S TR T S N O
i P9 9 - i 9 T A B S e B A L
Lot-4T ission-line i R A i FA T A 7 ol
i 1112111!! i 11!2“111 ‘!i%““‘ "1"1?1““ ’1-"1?1‘1“ 1o e
Lot -5 Prep work 1i HEUEHEEHEHETI 10 1i FHEHE Ut IS T T O
P i ¥ P9 P 0 104
Local-Censulting service-DD- 1 HIEl H H H 2 1|

Figure 12.1.2-2 Best Practice Construction Schedule
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12.2

12.21 DPR
DPR
DPR 5
3
2
(1) Features of Reservoirs
1)

- : 8.29 km?
- : 464.0 m
- X 4444 m
- Vg :21.6 x 105 m3
- Vi :1.5x 105 m?
- Ve Turga 1142 x 105 m3
- vd 5.9 x 105 m?

2)
- :12.66 km?  4.37 km?
- : 316.5m
- : 280.4 m
- Vg :18.0 x 105 m3
- Ve Turga 1142 x 105 m3
- vd :3.8x10°m3

3 1
Ve' = x 1 X 5

=197 x 1 x 5 x 60 x 60 = 3.546 x 10® m3

V()= + +\Ve'= 5.876+3.773+3.546 x 10° m3=13.195 x 106 m?
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4) 4

Ve' = X4 X

5

=197 x4 x5 x 60 x 60 = 14.184 x 105 m3

V(4= +
@)
1
DPR
12.2.1-2 Table 12.2.1-3

+Ve'= 5.876+3.773+14.184 x 10® m3=23.833 x 10° m?

Table 12.2.1-1

Table
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Table 12.2.1-1 Monthly Inflow at Upper Dam (C.A.=8.29 km?)

(Unit; MCM)
Monsoon Non
Year June July Aug Sep Oct Monsoon Annual
Total
Total

1958 0.11 1.17 0.79 1.70 0.63 4.40 0.48 4.88
1959 0.10 1.15 0.78 1.20 0.78 4.00 0.44 4.44
1960 0.01 0.67 1.63 1.20 0.54 4.05 0.45 4.50
1961 0.57 0.01 0.94 1.75 0.87 414 0.46 4.60
1962 0.12 0.80 1.08 1.44 0.62 4.06 0.45 4.50
1963 0.14 0.93 1.45 1.15 0.63 4.29 0.47 4.77
1964 0.26 1.34 1.55 1.25 0.57 497 0.55 5.52
1965 0.13 1.39 1.32 0.67 0.33 3.85 0.42 4.27
1966 0.44 0.00 0.88 0.65 0.37 2.34 0.26 2.59
1967 0.00 0.00 1.74 3.10 0.87 5.71 0.63 6.34
1968 0.33 1.48 1.94 0.46 0.27 4.47 0.49 4.96
1969 0.00 0.53 0.60 1.14 0.40 2.66 0.29 2.95
1970 0.16 1.08 0.96 1.94 0.69 4.82 0.53 5.35
1971 0.50 1.20 2.30 0.77 0.39 5.16 0.57 5.73
1972 0.00 0.38 1.67 0.84 0.43 3.32 0.37 3.68
1973 0.08 0.99 1.05 1.35 0.67 4.14 0.46 4.60
1974 0.00 1.95 1.06 1.20 0.42 4.63 0.51 5.14
1975 0.11 0.38 0.02 1.55 0.56 2.63 0.29 2.92
1976 0.00 0.32 0.01 1.29 0.44 2.06 0.23 2.29
1977 0.36 0.78 0.54 0.86 0.36 2.90 0.32 3.22
1978 0.39 0.40 1.19 1.61 0.68 4.28 0.47 4.75
1979 0.18 0.63 0.69 0.63 0.34 247 0.27 2.74
1980 0.12 1.38 0.75 0.99 0.51 3.75 0.41 4.16
1981 0.14 1.22 1.24 1.09 0.38 4.08 0.45 453
1982 0.16 0.41 1.01 0.65 0.43 2.65 0.29 2.94
1983 0.06 0.71 0.82 1.63 0.68 3.89 0.43 4.32
1984 1.35 0.38 1.88 0.87 0.43 491 0.54 5.45
1985 0.18 1.36 1.49 1.60 0.82 5.45 0.60 6.05
1986 0.27 0.61 1.60 1.45 0.61 4.55 0.50 5.05
1987 0.06 1.28 1.45 1.24 0.45 4.48 0.49 4.97
1988 0.92 0.31 0.60 1.07 0.39 3.28 0.36 3.64
1989 0.51 0.79 1.46 1.07 0.42 4.24 0.47 471
1990 0.54 2.13 0.69 1.45 0.58 5.39 0.59 5.98
1991 0.00 0.90 1.74 0.89 0.35 3.88 0.43 431
1992 0.12 0.68 1.05 1.92 0.62 4.39 0.48 4.88
1993 0.42 0.37 0.57 1.73 0.69 3.78 0.42 4.19
1994 0.92 1.40 1.15 0.87 0.48 4.83 0.53 5.36
1995 0.26 0.88 2.09 1.69 0.66 5.59 0.62 6.21
1996 1.06 0.91 141 0.69 0.30 4.37 0.48 4.85
1997 0.32 1.24 2.47 1.05 0.43 5.50 0.61 6.11
1998 0.23 0.74 1.04 111 0.48 3.60 0.40 4.00
1999 0.41 1.15 1.62 141 0.58 5.17 0.57 5.74
2000 0.14 0.52 0.72 0.95 0.42 2.75 0.30 3.05
2001 0.66 0.99 0.87 0.66 0.30 3.47 0.38 3.85
2002 0.71 0.17 1.34 0.83 0.47 3.52 0.39 3.91
2003 0.00 0.49 1.28 0.75 0.56 3.08 0.34 3.42
2004 0.00 0.43 1.66 0.75 0.42 3.27 0.36 3.63
2005 0.03 0.79 0.70 0.82 0.41 2.75 0.30 3.06
2006 0.19 0.80 0.87 1.07 0.40 3.34 0.37 3.70
2007 0.09 1.80 1.44 1.44 0.48 5.25 0.58 5.82
2008 0.90 1.76 1.09 0.84 0.32 491 0.54 5.45
2009 0.00 0.95 1.13 1.56 0.55 4.19 0.46 4.65
2010 0.05 0.26 0.40 0.97 0.39 2.06 0.23 2.29
2011 1.07 0.52 2.59 1.26 0.48 5.92 0.65 6.58
2012 0.28 1.46 1.53 1.78 0.55 5.61 0.62 6.22

Average 0.29 0.86 1.20 1.20 0.51 4.06 0.45 4.51

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
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Table 12.2.1-2 Monthly Inflow at Lower Dam (C.A.=12.66 km?)

(Unit: MCM)
Monsoon Non
Year June July Aug Sep Oct T Monsoon Annual
otal Total

1958 0.16 1.79 121 2.59 0.96 6.71 0.74 7.45
1959 0.16 1.76 1.19 1.83 1.18 6.11 0.67 6.78
1960 0.01 1.03 2.49 1.83 0.82 6.18 0.68 6.86
1961 0.88 0.02 1.43 2.67 1.32 6.32 0.70 7.02
1962 0.19 1.23 1.65 2.19 0.94 6.20 0.68 6.88
1963 0.21 1.42 221 1.76 0.96 6.56 0.72 7.28
1964 0.40 2.05 2.36 191 0.86 7.59 0.83 8.43
1965 0.20 212 2.02 1.03 0.51 5.88 0.65 6.52
1966 0.66 0.00 1.34 0.99 0.57 3.57 0.39 3.96
1967 0.00 0.00 2.66 4.73 1.32 8.72 0.96 9.68
1968 0.51 2.26 2.96 0.70 0.41 6.82 0.75 7.57
1969 0.00 0.80 0.91 1.74 0.60 4.06 0.45 451
1970 0.25 1.64 1.46 2.96 1.05 7.36 0.81 8.17
1971 0.77 1.84 3.51 1.18 0.59 7.88 0.87 8.74
1972 0.00 0.58 2.55 1.29 0.66 5.07 0.56 5.63
1973 0.12 1.51 1.61 2.06 1.02 6.33 0.70 7.02
1974 0.00 2.97 1.62 1.83 0.65 7.07 0.78 7.84
1975 0.17 0.58 0.04 2.37 0.86 4.01 0.44 4.45
1976 0.00 0.49 0.02 1.96 0.67 3.15 0.35 3.50
1977 0.56 1.19 0.82 1.31 0.56 4.43 0.49 4,92
1978 0.59 0.61 1.82 2.46 1.05 6.53 0.72 71.25
1979 0.28 0.96 1.06 0.96 0.52 3.77 0.41 4.18
1980 0.18 211 1.14 1.51 0.78 5.73 0.63 6.35
1981 0.22 1.87 1.90 1.67 0.58 6.23 0.69 6.92
1982 0.24 0.62 154 0.99 0.65 4.05 0.44 4.49
1983 0.09 1.08 1.26 2.48 1.03 5.95 0.65 6.60
1984 2.06 0.58 2.87 1.33 0.66 7.50 0.83 8.33
1985 0.27 2.07 2.27 2.45 1.26 8.32 0.92 9.23
1986 0.42 0.93 2.44 2.21 0.94 6.95 0.76 7.71
1987 0.10 1.96 2.21 1.90 0.68 6.84 0.75 7.60
1988 1.40 0.47 0.92 1.63 0.59 5.01 0.55 5.56
1989 0.78 1.20 2.22 1.63 0.64 6.47 0.71 7.19
1990 0.82 3.25 1.06 2.21 0.89 8.23 0.91 9.14
1991 0.00 1.37 2.65 1.37 0.54 5.93 0.65 6.58
1992 0.19 1.04 1.60 2.94 0.95 6.71 0.74 7.45
1993 0.65 0.56 0.87 2.64 1.05 5.77 0.63 6.41
1994 1.40 2.14 1.76 1.33 0.73 7.37 0.81 8.18
1995 0.40 1.35 3.19 2.59 1.01 8.54 0.94 9.48
1996 1.61 1.40 2.16 1.05 0.45 6.67 0.73 7.40
1997 0.48 1.89 3.78 1.60 0.66 8.40 0.92 9.33
1998 0.35 1.14 1.58 1.70 0.73 5.50 0.60 6.10
1999 0.62 1.75 2.47 2.16 0.89 7.89 0.87 8.76
2000 0.21 0.80 1.10 1.45 0.64 4.19 0.46 4.65
2001 1.01 151 1.32 1.00 0.45 5.30 0.58 5.88
2002 1.09 0.26 2.05 1.27 0.71 5.38 0.59 5.97
2003 0.00 0.75 1.96 1.15 0.85 4,71 0.52 5.23
2004 0.00 0.66 2.54 1.14 0.65 4.99 0.55 5.54
2005 0.05 1.21 1.06 1.25 0.63 4.20 0.46 4.67
2006 0.30 1.22 1.33 1.63 0.61 5.10 0.56 5.66
2007 0.13 2.75 2.20 2.20 0.73 8.01 0.88 8.90
2008 1.38 2.68 1.67 1.28 0.49 7.49 0.82 8.32
2009 0.00 1.45 1.73 2.38 0.84 6.40 0.70 7.11
2010 0.08 0.40 0.61 1.48 0.59 3.15 0.35 3.50
2011 1.63 0.80 3.96 1.92 0.73 9.05 1.00 10.04
2012 0.43 2.23 2.34 2.72 0.84 8.56 0.94 9.50

Average 0.45 1.32 1.83 1.83 0.77 6.20 0.68 6.88

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
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Table 12.2.1-3  Annul Inflow

Upper Dam (MCM)

Lower Dam (MCM)

in mm

Annual Inflow

451

6.880

544

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

2)
Baghmundi 1958 2012
3} Eta
Table 12.2.1-4 Evapotranspiration
(Unit: mm)
Monsoon Non
June July Aug. Sep. Oct. Monsoon Annual
Total
Total
Rainfall 232 330 307 257 70 1,197 137 1,334
Inflow 35 104 145 145 62 490 54 544
Eta 197 226 162 112 8 707 83 790
(note: the above figures are average from 1958 to 2012)
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
4)
Table 12.2.1-5 Evaporation from Reservoir
(Unit: mm)
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sep. | Oct. | Nov. | Dec. | Annual
70 80 140 | 180 | 210 | 170 | 110 | 120 | 100 0 70 50 1,390
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Purulia Purulia Pumped Storage Project ; PPSP
@)

Figure 12.2.1-1

Figure 12.2.1-2
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0.53 km?

Storage Capacity in (MCM)

0.93 km? 0.24 km? 0.50 km?
Area (km?)
1.20 1.00 0.80 0.60 0.40 0.20 0.00
480 480
470 a70
—
460 460
g
= 450 450
‘G
ﬁ 440 a40
-
2 a3 a3o
=
420 ——Area 420
——Storage Capacity
410 410
A00D ! | ! ! 400
[s] 5 10 15 20 25 30
Storage Capacity (MCM)
(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Figure 12.2.1-1 Upper Reservoir Storage Capacity / Area Curve
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(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

Figure 12.2.1-2 Lower Reservoir Storage Capacity / Area Curve
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(4)

Q2=0Q1 % (CA—AR) + [R - (E— ET/.\)] x Ar

Q mm
Q1
CA km?
Ar . km?2
R : mm
E : mm
Eta mm
)
DPR
1)
1 4
1
17
24
1
2 2
4
38 10
4

mm
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1958
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(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Figure 12.2.1-3 Impounding Schedule for Average Year
2)
1958 2012 1 4
4 1995 8
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(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)

Figure 12.2.1-4 Impounding Schedule for Wet Years
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(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
Figure 12.2.1-5 Impounding Schedule for Dry Years
(6)
DPR
DPR
1)
90% 4 20%
25%
90% 30%
Table 12.2.1-1  Table 12.2.1-2 90% Table 12.2.1-6
1975

0.79 263 x30% 10°m® 0.07 0.29 x 25% 10® m3
12 401x30% 10°m® 0.11 0.44x25% 10°m?
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Table 12.2.1-6  90% Dependable Year for Annul Inflow

Vear Annual Inflow (MCM) Exceedance
Upper Dam Lower Dam Probability

2011 6.58 10.04 1.79%
1967 6.34 9.68 3.57%
2012 6.22 9.50 5.36%
1995 6.21 9.48 7.14%
1997 6.11 9.33 8.93%
1985 6.05 9.23 10.71%
1990 5.98 9.14 12.50%
2007 5.82 8.90 14.29%
1999 5.74 8.76 16.07%
1971 5.73 8.74 17.86%
1964 5.52 8.43 19.64%
1984 5.45 8.33 21.43%
2008 5.45 8.32 23.21%
1994 5.36 8.18 25.00%
1970 5.35 8.17 26.79%
1974 5.14 7.84 28.57%
1986 5.05 7.71 30.36%
1987 4.97 7.60 32.14%
1968 4.96 7.57 33.93%
1958 4.88 7.45 35.71%
1992 4.88 7.45 37.50%
1996 4.85 7.40 39.29%
1963 4.77 7.28 41.07%
1978 4.75 7.25 42.86%
1989 4.71 7.19 44.64%
2009 4.65 7.11 46.43%
1961 4.60 7.02 48.21%
1973 4.60 7.02 50.00%
1981 4.53 6.92 51.79%
1960 4.50 6.88 53.57%
1962 4.50 6.86 55.36%
1959 4.44 6.78 57.14%
1983 4.32 6.60 58.93%
1991 4.31 6.58 60.71%
1965 4.27 6.52 62.50%
1993 4.19 6.41 64.29%
1980 4.16 6.35 66.07%
1998 4.00 6.10 67.86%
2002 3.91 5.97 69.64%
2001 3.85 5.88 71.43%
2006 3.70 5.66 73.21%
1972 3.68 5.63 75.00%
1988 3.64 5.56 76.79%
2004 3.63 5.54 78.57%
2003 3.42 5.23 80.36%
1977 3.22 4,92 82.14%
2005 3.06 4.6/ 83.93%
2000 3.05 4.65 85.71%
1969 2.95 451 87.50%
1982 2.94 4.49 89.29%
1975 2.92 4.45 91.07%
1979 2.74 4.18 92.86%
1966 2.59 3.96 94.64%
1976 2.29 3.50 96.43%
2010 2.29 3.50 98.21%

(source: DPR of 1,000 MW Turga Pumped Storage Project, Purulia, West Bengal)
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Figure 12.2.1-6 Impounding Schedule for Average Year (with environmental flow)
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Figure 12.2.1-7 Impounding Schedule for Wet Years (with environmental flow)
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12.3

12.4
12.5
1251
@)
2016 3
2011 8
JICA
Table 12.5.1-1 Recent Projects financed by JICA
Date State Project Agency / Amount
MAR 2016 Madhya Transmission  System  Strengthening | MPPTCL
Pradesh Project 15,457 Million Yen
MAY 2015 Odisha Odisha Transmission System | OPTLC
Improvement Project 21,787 Million Yen
SEP 2014 (all) New and Renewable Energy | IREDA
Development Project (Phase 2) 30,000 Million Yen
MAR 2014 Haryana Haryana Distribution System | UHBVML/DHBVML
Upgradation Project 26,800 Million Yen
SEP 2012 Tamil Tamil Nadu Transmission System | TNTCL
Nadu Improvement Project 60,740 Million Yen
JUN 2011 Andhra Andhra Pradesh Rural High Woltage | CPDCL/SPDCL/NPDCL
Pradesh Distribution System Project 18,590 Million Yen
JUN 2011 Madhya Madhya Pradesh Transmission System | MPPTCL
Pradesh Modernisation Project 18,475 Million Yen
JUN 2011 (all) New and Renewable Energy | IREDA
Development Project 30,000 Million Yen

(source: Website of JICA, arranged by JICA study team)
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)

2013 Skari
125MW
Shongtong-Karcham 450MW Thana-Plaun 191MW
Green energy corridor
Table 12.5.1-2 Recent Projects financed by Kfw
Date State Project / Executing Agency Amount
OCT 2015 | Andhra Pradesh Andhra Pradesh Green Energy Corridors’ | EURS7M
Projects / APTRANSCO
OCT 2015 | Himachal Pradesh Himachal Green Energy Corridors’ Projects / | EUR68M
HPPTCL
DEC 2014 Green  corridor  transmission  line /| EUR 500M
POWERGRID
DEC 2014 | Rajasthan Transmission line /TRANSCO EUR125M
Tamil Nadu
OCT 2013 | West Bengal Kolaghat Thermal Power Plant rehabilitation | (INR 1,100
and modernization Project / WBPDCL Crore)
SEP 2013 Maharashtra Mouda Super Thermal Power Project, Stage-11/ | EUR55M
NTPC
(source: Website of KfW, arranged by JICA study team)
®)
AfD 2008
Indian Renewable Energy Development Agency IREDA
170
2014 9 HPPCL 2
Chanju-1ll 48 MW  Deothal Chanju 33 MW Berra Dol Solar Power Project
5MW

12-29



2016 1 Development of Solar Energy 5 AfD
300
Table 12.5.1-3 Recent projects financed by AfD
Date State Project / Executing Agency Amount
JAN 2016 (alh Development of Solar Energy Project EUR 300M
SEP 2014 Himachal Chanju-111 and Deothal Chanju Hydropower Projects | EUR80M
Pradesh / Berra Dol Solar Power Project / HPPCL
2008 (all) Renewable Energy and Energy Efficiency projects | EUR170M
/ IREDA
(source: Website of AfD, arranged by JICA study team)
12.5.2
@)
10
Table 12.5.2-1 Recent projects financed by the World Bank
Date State Project Amount
JUN 2016 Tripura, Nagaland, | North Eastern Region Power System | US$470M
Mizoram, Improvement Project
Meghalaya,
Manipur, Assam
MAY 2016 Grid-Connected Rooftop Solar Program | US$ 500M
Project
MAR 2016 Rajasthan First Programmatic Electricity Distribution | US$ 250M
Reform Develop- ment Policy Loan
JUN 2015 Andhra Pradesh Andhra Pradesh Disaster Recovery Project | US$ 250M
(including (total)
component  of  underground power
distribution system)
JUN 2011 Uttarakhand Vishnugad Pipalkoti Hydro Electric Project US$ 648M
(source: Website of the WB, arranged by JICA study team)
)

Private Sector Loan
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ADB

Table 12.5.2-2 Recent projects financed by ADB

Date State Project / Executing Agency Amount
MAR 2017 Karnataka Solar Transmission Sector Project US$225M
/ POWERGRID
DEC 2016 Rajasthan Rajasthan Renewable Energy Transmission | US$348M
Investment Program - Tranche 2 / RRVPNL
DEC 2016 Andhra Pradesh, ReNew Clean Energy Project / US$195M
Gujarat, Jharkhand, | Helios Inflatech Pvt. Ltd. and six other
Karnataka, Madhya | companies
Pradesh, Telangana
SEP 2016 Rajasthan, Demand - Side Energy Efficiency Sector | US$200M
Maharashtra, Project / Energy Efficiency Services Ltd.
Andhra Pradesh
Goa, Karnataka,
Uttar Pradesh
MAR 2016 Rajasthan, Mytrah Wind and Solar Power Development | US$165 M
Madhya Pradesh Project
Andhra Pradesh
Karnataka Mytrah Energy (India) Ltd.
DEC 2015 Guijarat, Punjab, Green  Energy  Corridor and  Grid | US$500M
Rajasthan, Strengthening Project / PGCIL
Chhattisgarh,
Tamil Nadu,
Kerala
NOV 2015 Assam Assam Power Sector Investment Program - | US$48M
Tranche 2
Assam Power Distribution Co.
NOV 2014 Rajasthan ACME-EDF Solar Power US$100M
SEP 2014 Himachal Pradesh Himachal Pradesh Clean Energy | US$100M
Transmission Investment Program — Tranche
2/ HPPTCL
DEC 2013 Solar and Wind Power Development Project | US$50M
Welspun Renewables Energy Limited
DEC 2013 Delhi Delhi  Electricity Distribution ~ System | US$80M
Improvement
BSES Rajdhani Power Limited
APR 2013 Himachal Pradesh Hydro and Wind Power Development Project | US$30M
Maharashtra / NRPPL
NOV 2012 Himachal Pradesh Himachal Pradesh Clean Energy | US$257M
Development Investment Program - Tranche
4 | HPPCL
SEP 2012 Gujarat 145 MW Grid-Connected Solar Project / | US$100
vairous
MAR 2012 Rajasthan Rajasthan Concentrating Solar Power /| US$103

Rajasthan Sun Technique Energy Priv.
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Date State Project / Executing Agency Amount
NOV 2011 Rajasthan Dahanu Solar Power Project US$48M
Reliance Power Limited
NOV 2011 Chhattisgarh National Grid Improvement Project US$250M
/ PGCIL
(source: Website of ADB, arranged by JICA study team)
12.5.3
ADB

Song Bung 4 Hydropower Project: Completion Report, August 2017

Hebei Zhanghewan Pumped Storage Project: Completion Report, August 2014)

Hebei Zhanghewan Pumped Storage Project: Completion Report, August 2014)

Gansu Heihe Rural Hydropower Development Investment Program - Dagushan

Hydropower Project: Completion Report, April 2013)

Gansu Heihe Rural Hydropower Development Investment Program - Erlongshan

Hydropower Project: Completion Report, December 2011)
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12.6

Risk Management Framework

Table 12.6-1

Table 12.6-1 Risk Management Framework

1. Stakeholder risk

2016 CEA

2017 5

2017
ODA

CEA DPR
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2. Executing agency risk

2.1 Capacity risk

- WBSEDCL
WBSEDCL WBSEDCL  Purulia
Purulia
- JICA
JICA
JICA
Purulia Purulia
JICA
- Purulia
Purulia
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- TSL

2.2 Governance risk

WESEDCL

WBSETCL

ex.

E/N L/A

2018

2.3 Fraud & corruption risk
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3. Project risk

3.1 Design risk

WBSEDCL

WBSETCL

WBSETCL WBSEDCL
WBSETCL

LCB

PQ
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WBSEDCL

3.2 Program/donor risk

CERC

3.3 Delivery qual

ity risk

Purulia
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Purulia

O&M
MW
WBERC

EIA

(source: JICA study team preparation)
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Annexure 12-1

The cost estimation of electro mechanical equipment for Turga project
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Annexure 12-2

Terms of Reference for Design and Supervision Consultant
for the works under
TURGA PUMPED STORAGE PROJECT
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13.1
13.1.1
1)
Turga
NPV B/C
EIRR EIRR
EIRR
S S
ac /(1+n'-qB/1+r) =0
t=0 t=0
Ct
Bt
t
n
r =EIRR
2
13.1.2
12
VAT Front End Fee
O&M Table 13.1.2-1
9 1
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Table 13.1.2-1 Economic Cost of the Project

(source: JICA Study Team Preparation)

13.1.3
O&M Turga
@
kw kwh
1.07394 1.00908
Table 13.1.3-1
Table 13.1.3-1 Adjustment Factors for Power (kW) and Energy (kWh)
(source: JICA study team preparation)
2
Table 13.1.3-2
Table 13.1.3-2 Basic Feature of Alternative Thermal Power Plant
. Adjustment | Alternative
Unit Turga factor Thermal
Installed capacity MW 1,000 1.07394 1,074
Energy generation GWh 1,825 1.00908 1,842
Plant life Year -- -- 25
(source: JICA study team preparation)
3)
CERC  Tariff Order
2017 Palatana Tariff Order Table 13.1.3-3
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Table 13.1.3-3  Unit Cost of Alternative Thermal Power Plant

Project COD Hard Cost Capacity Unit Cost
(Crore) (MW) (Crore/MW)

Pragati-111 2010-2014 4792.23 1371 3.50

Uno-Sugen CCPP 2013 1495.65 382.5 3.91
OPTC 2014 2560.10 726.6 3.52
(source: Order in Petition N0.129-GT-2015, CERC, 2017)
2014 3.50 Crore/MW
CPlI 2015 —4.9% 2016 —4.5% 2017 —3.8% 2017 3.98 Crore
Rs/MW
(4)
CIF
Table 13.1.3-4
Petronet LNG
Table 13.1.3-4 Basic Feature of Alternative Thermal Power Plant
Importer Petronet LNG Petronet LNG GAIL
Supplier RasGas Exxon Mobil Cheniere Energy
Formula 12.67% of crude + 13.9% of Brent Crude 115% of Henry Hub +
US$0.6 US$3

Base Price US$49.91 US$49.91 US$3.00
Import Price US$6.92 US$ 6.94 US$6.45
Others Including shipping costs

(note: Base Price corresponds to referential case price for 2017 in Annual Energy Outlook 2017, published by U.S.EIA.)

(source JICA study team preparation based on The Economic Times, Sept.13, 2017.)

2017

Energy Information Administration

2016
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2015 2029 US$87.235

13.9% 12.126US$/MMBtu
(5) O&M
O&M CERC  Tariff Regulation 2014-19 2017-18 17.61
Lakh Rp/MW 189.31Crore Rs

Oo&M Table 13.1.3-5

Table 13.1.3-5 Economic Benefit of the Project

Unit
1. Pumped Storage Power Plant
Installed Capacity MW 1,000
Annual Energy Generation MWh 1,825,000
2. Alternative Thermal
Adjustment Factor (kW) 1.073%
Installed Capacity MW 1,074
Adjustment Factor (Kwh) 1.00908
Annual Energy Generation MWh 1,841,579
1) Construction cost
Unit Construction Cost Rs/kw 39,800.00
Construction cost Crore Rs 4,274.52
First year (20%) Crore Rs 854.90
Second year (30%) Crore Rs 1,282.36
Third year (40%) Crore Rs 1,709.81
Fourth year (10%) Crore Rs 427.45
2) Fuel Cost
Fuel Price Rs/Gcal 3,099
Heat Rate kcal/lkwWh 1,830
Unit Fuel Cost Rs/kWh 5.670
Annual Fuel Cost Crore Rs/year 1044.18
3) O&M cost
O&M cost rate Crore Rs/MW 0.1761
Annual O&M cost Crore Rs/year 189.13
(source: JICA study team preparation)
7 1
Oo&M
13.1.4
NPV: B - C) B C
EIRR Table 13.1.4-1 Table 13.1.4-2

13-4



13.1.5

M)

)

13.2

13.21

M)

Table 13.1.4-1 Result of Economic Evaluation

(source: JICA study team preparation)

Table 13.1.4-2 Economic Evaluation

10% 12%
10% 20%
10% 20%
10% 20%

Table 13.1.5-1

(source: JCIA study team preparation)

Table 13.1.5-1 Result of Sensitivity Analysis

(source: JICA study team preparation)

Oo&M
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FIRR on investment

)
WBSEDCL
13.2.2
@)
Table 13.2.2-1
Table 13.2.2-1 Financial Cost of the Project
(source: JICA study team preparation)
)
Table 13.2.2-2
Table 13.2.2-2  Financial Revenue
(source: JICA study team preparation)
13.2.3
Table
13.2.3-1 Table 13.2.3-2

Table 13.2.3-1 Result of Financial Evaluation

(source: JICA study team preparation)
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Table 13.2.3-2 Financial Evaluation

(source: JICA study team preparation)

13.2.4
oy
10% 20%
2 10% 20%
3 10% 20%
)
Table 13.2.4-1
Table 13.2.4-1 Result of Sensitivity Analysis
13.3
13.3.1

Table 13.3.1-1 Table 13.3.1-2 13.3.14

Table 13.3.1-1 Financial Generation Cost

(source JICA study team preparation)

Table 13.3.1-2 Financial Generation Cost (JICA finance)

(source JICA study team preparation)

Table 13.3.1-3 Financial Generation Cost (State finance)

(source JICA study team preparation)
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Table 13.3.1-4 Financial Generation Cost (Private finance)

(source JICA study team preparation)

13.3.2
DPR

DPR CERC

WBERC
Table 13.3.2-1 13.3.2-2
Table 13.3.2-1 Levelised Generation Cost
(source JICA study team preparation)
Table 13.3.2-2 Levelised Tariff Rate
(source JICA study team preparation)

134
13.4.1

13-8



Table 13.4.1-1

Q)

168 hours/year
0 hours/year
90 hours / year

74 % + x100%

2466 hours / year
1825 hours / year

42 hours / year

100 % / 3 min

2

1803 GWh / year x 1 x 8760h x

1000 MW

(source: JICA study team preparation)

13.4.2
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