
TRACTEBEL ENGINEERING pvt. ltd.
Intec House
37, Institutional Area, Sector 44
Gurgaon 122 002 (Haryana) – INDIA
tel. +91 124 469 85 00 - fax +91 124 469 85 86
engineering-in@tractebel.engie.com

tractebel-engie.com DPR – REVADANDA CREEK/KUNDALIKA RIVER
(30.736KM) NW-85

Our ref.: P.010257-W-10305-005

TS:

Imputation: P.010257

RESTRICTED

Client: INLAND WATERWAYS AUTHORITY OF INDIA

Project: CONSULTANCY SERVICES FOR PREPARATION OF SECOND STAGE DPR OF CLUSTER – 7 OF NATIONAL
WATERWAYS

Subject: DETAILED PROJECT REPORT – REVADANDA CREEK/ KUNDALIKA RIVER (30.736KM) NW-85

Comments:

Revision No. Date Prepared / Revision By Description

01 2019 05 07 Bidhan Chandra JHA Final Submission

01 19/05/07 Active SARIKA KUMARI ARUN KUMAR N. SIVARAMAN B.C.JHA

REV. YY/MM/DD STAT.          WRITTEN                VERIFIED                APPROVED                       VALIDATED

TRACTEBEL ENGINEERING pvt. ltd. - Registered office: A-3 (2nd Floor), Neeti Bagh - New Delhi - 110049 - INDIA
CIN: U74899DL2000PTC104134

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al





P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

ACKNOWLEDGEMENTS

Inland Waterways Authority of India (IWAI) assigned the Consultancy Services for “Preparation

of Second Stage Detailed Project Report (DPR) of Cluster – 7 of National Waterways”. The study

has been carried out for this assignment and the result has been compiled in the present study.

The consultant would like to put on record their deep appreciation of cooperation and ready

access to information and advice rendered by IWAI.

The consultants are grateful to Mr. S. K. Gangwar, Member (Technical), Mr. R. P. Khare (Ex.

Member, Technical & Sr Consultant); Vice Admiral (Retd.) S. K. Jha (Sr. Advisor); Capt. Ashish

Arya, (Hydrographic Chief) and Mr Rajeev Singhal (SHS) who provided their valuable guidance

from time to time to make this report success.

       (B. C. JHA)

                                                                                Tractebel Engineering Pvt Ltd



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

DISCLAIMER / PROPREITORY RIGHTS

M/s Tractebel Engineering Pvt., Ltd., (M/s TEPL), Gurgaon has been assigned with the
Consultancy Services for the “Preparation of Second Stage Detailed Project Report (DPR) of
Cluster – 7 of National Waterways” by Inland Waterways Authority of India (IWAI). Accordingly,
the study on NW – 85 – Revadanda Creek / Kundalika River has been carried out for this
assignment / analyzed / compiled based on the findings of the following field studies /
investigations.

Detailed Hydrographic Survey along with the Topographical Survey was carried out from
06/12/2016 to 16/12/2016.

Traffic Survey was carried out, as detailed and summarized in Annexure 4.2.

Terminal Land Survey was carried out on 27/04/2017.

Geotechnical Borehole was carried out from 23/06/2017 to 25/06/2017 and subsequently
Laboratory Tests have been carried out on the collected samples.

Proprietary rights of the information contained herein belong to “Inland Waterways Authority of India
(IWAI)”, Ministry of Shipping, Government of India. The information contained in this DPR is
intended to be used for the mentioned purpose/project only, as permitted by IWAI. In case of misuse
of information and any claim arising thereof, cost and consequence will be on the party misusing
the information.

This Report can be updated at a later stage, when required by considering the fresh cargo
analysis, change in requirement of the Government (or) Change in policy either of State
Government or Government of India.

       (B. C. JHA)

Tractebel Engineering Pvt Ltd



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

TABLE OF CONTENTS

ACKNOWLEDGEMENTS ......................................................................................................... 3

DISCLAIMER / PROPREITORY RIGHTS ................................................................................. 4

LIST OF TABLES.................................................................................................................... 13

LIST OF FIGURES ................................................................................................................. 15

LIST OF ABBREVIATIONS ..................................................................................................... 17

SALIENT FEATURES ............................................................................................................. 18

EXECUTIVE SUMMARY......................................................................................................... 21

CHAPTER 1: INTRODUCTION ....................................................................................... 27

1.1. Project Background and Summary of Previous Study ...................................... 27

1.2. Brief Scope of Work and Compliance statement ............................................... 29

1.2.1. Fairway Development ................................................................................ 29

1.2.2. Traffic Confirmations ................................................................................. 30

1.2.3. Terminal Development............................................................................... 30

1.2.4. Vessel Requirement .................................................................................. 30

1.2.5. Financial Analysis ...................................................................................... 30

1.3. Brief Methodology & Approach: ......................................................................... 30

1.4. Project Location / Details of Study Area:............................................................ 31

CHAPTER 2: WATERWAY / DETAILED   HYDROGRAPHIC SURVEY ........................... 35

2.1. Hydrographic Survey ........................................................................................... 35

2.1.1. Waterway in General and Hydro-morphological Characteristics ................. 35

2.1.2. Existing Hydrological / Topographical Reference levels.............................. 54

2.1.3. Chart Datum / Sounding Datum ................................................................. 55

2.2. Existing Waterway Structures ............................................................................. 59

2.2.1. Bridges 59

2.2.2. Electric Lines / Communication Lines......................................................... 60

2.2.3. Pipe Lines / Cables.................................................................................... 60

2.2.4. Dams / Barrages / Locks / Weirs / Anicuts / Aqueducts .............................. 60

2.3. Bends ................................................................................................................... 60

2.4. Velocity and Discharge Details ........................................................................... 61



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

2.5. Waterway description .......................................................................................... 62

2.6. Water and Soil Samples analysis and Results ................................................... 65

CHAPTER 3: FAIRWAY DEVELOPMENT ...................................................................... 66

3.1. Proposed Class / Type of Waterway ................................................................... 66

3.2. Details of Shoals (Length, Width and proposed development works) .............. 67

3.3. Proposed Conservancy Activities....................................................................... 68

3.3.1. Low Cost structures ................................................................................... 69

3.3.2. Dredging 70

3.3.3. River Training ............................................................................................ 72

3.4. Bank Protection / Embankment Strengthening .................................................. 73

3.5. Navigation Markings / Navigation Aids ............................................................... 74

3.6. Modification Requirement in existing Bridges / Cables / Dams / Barrages / Locks /
Weirs / Anicuts / Aqueducts ................................................................................ 75

3.7. Proposed Dams / Barrages / Locks / Weirs to improve depth ........................... 76

3.8. Land Acquisition.................................................................................................. 76

3.9. Fairway Costing ................................................................................................... 76

3.9.1. Capital Cost............................................................................................... 76

3.9.2. O&M Cost ................................................................................................. 76

CHAPTER 4: TRAFFIC STUDY ...................................................................................... 77

4.1. General ................................................................................................................. 77

4.2. Hinterland Analysis ............................................................................................. 78

4.2.1. Demography Profile of Hinterland .............................................................. 79

4.2.2. Economic profile of Maharashtra ............................................................... 79

4.2.3. Existing & Proposed Industries .................................................................. 88

4.2.4. Traffic from Major & Non Major Ports ......................................................... 94

4.3. Commodity Composition .................................................................................... 97

4.4. Originating & Terminating commodities............................................................. 98

4.5. Passenger Traffic............................................................................................... 100

4.6. Tourism Traffic .................................................................................................. 100

4.6.1. Birla Temple ............................................................................................ 101

4.6.2. Janjira Fort .............................................................................................. 101

4.6.3. Korlai Fort ............................................................................................... 101

4.6.4. Garambi Falls .......................................................................................... 102



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

4.6.5. Nawab Palace ......................................................................................... 102

4.6.6. Kashid Beach .......................................................................................... 102

4.6.7. Alibaug Beach ......................................................................................... 102

4.6.8. Kolaba Fort.............................................................................................. 102

4.6.9. Kihim Beach ............................................................................................ 103

4.6.10. Kolad 103

4.6.11. Phansad Wildlife Sanctuary ..................................................................... 103

4.7. Passenger Ferry Terminal ................................................................................. 103

4.8. Growth Trend ..................................................................................................... 104

4.8.1. Passenger & Tourism Growth for Kundalika River .................................... 105

4.8.2. Cargo Growth for Kundalika River............................................................ 105

4.9. Forecasting & Potential IWT Assumptions ....................................................... 106

4.10. Terminal wise IWT Traffic Analysis ................................................................... 107

4.10.1. Existing Terminal on Kundalika River ....................................................... 111

4.10.2. Proposed Terminal on Kundalika River .................................................... 111

CHAPTER 5: TERMINALS ............................................................................................ 114

5.1. General Review .................................................................................................. 114

5.2. Identification and Site Location ........................................................................ 114

5.3. Terminal Layout / Master Planning including phases of development ........... 116

5.4. Land Details ....................................................................................................... 117

5.5. Geotechnical Investigations .............................................................................. 117

5.5.1. Regional Geology .................................................................................... 118

5.5.2. Physical Condition and Drainage ............................................................. 122

5.5.3. General Geology and Stratigraphy ........................................................... 124

5.5.4. Sub-surface Investigations....................................................................... 125

5.5.5. Geotechnical Results and Analysis .......................................................... 126

5.6. Terminal Infrastructure including equipment ................................................... 130

5.7. Berthing Structure ............................................................................................. 132

5.8. Terminal Costing ............................................................................................... 133

5.8.1. Capital Cost............................................................................................. 133

5.8.2. O&M Cost ............................................................................................... 133

CHAPTER 6: PRELIMINARY ENGINEERING DESIGNS .............................................. 134

6.1. River Training (including Barrages and Locks, if proposed) ........................... 134

6.1.1. River Training through Spurs ................................................................... 134



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

6.1.2. River Training through Porcupines ........................................................... 140

6.2. Bank Protection ................................................................................................. 141

6.2.1. Basis of Design ....................................................................................... 141

6.3. Navigation Aids ................................................................................................. 151

6.4. Cargo Terminals and River Ports ...................................................................... 155

6.5. Construction Schedule ...................................................................................... 165

CHAPTER 7: VESSEL DESIGN .................................................................................... 166

7.1. General Review .................................................................................................. 166

7.2. Design Basis ...................................................................................................... 166

7.2.1. Vessel Classification adopted in Indian Inland Waterway ......................... 167

7.2.2. Vessel Classification of USA Inland Waterway ......................................... 169

7.2.3. Vessel Classification of European Inland Waterway ................................. 171

7.2.4. Vessel Classification of China Inland Waterway ....................................... 172

7.3. Type of proposed Vessels ................................................................................. 175

7.4. Proposed Vessel Size and Specifications ........................................................ 177

7.5. Turn around Time .............................................................................................. 178

7.6. Number of Vessels Required ............................................................................ 179

7.7. Vessel Repair facilities ...................................................................................... 179

7.8. Vessel Costing ................................................................................................... 180

7.8.1. Capital Cost............................................................................................. 180

7.8.2. O&M Cost ............................................................................................... 180

CHAPTER 8: NAVIGATION AND COMMUNICATION SYSTEM ................................... 182

8.1. General Requirements ....................................................................................... 182

8.1.1. VHF / HF 182

8.1.2. GPS 182

8.1.3. RIS / AIS / Radar / VTMS ........................................................................ 182

8.1.4. Vessel / Hydrographic Survey equipment................................................. 186

8.2. Existing System ................................................................................................. 187

8.3. Additional requirement ...................................................................................... 187

8.4. Specifications of certain equipment’s of the system ....................................... 187

8.5. Capital Cost / O & M Cost .................................................................................. 191



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

CHAPTER 9: ENVIRONMENTAL & SOCIAL ASPECTS ............................................... 196

9.1. Objective of Environmental and Social Studies ............................................... 196

9.2. Environmental Setting in the Project Area ....................................................... 196

9.2.1. Physiography .......................................................................................... 196

9.2.2. Geology and Seismicity ........................................................................... 198

9.2.3. Climate 199

9.2.4. Soils 200

9.2.5. Land Use Pattern .................................................................................... 201

9.2.6. Ambient Air and Noise Quality ................................................................. 201

9.2.7. Ambient Water Quality ............................................................................. 202

9.2.8. Susceptibility to Natural Hazards ............................................................. 205

9.2.9. Estuary and Coastal Zone ....................................................................... 205

9.2.10. Archaeological and Heritage Locations .................................................... 207

9.2.11. Flora and Fauna ...................................................................................... 210

9.2.12. National Parks, Forests, Wildlife Sanctuaries and Reserves..................... 211

9.2.13. Socio-economic Profile ............................................................................ 213

9.3. Potential Environmental and Social Impacts of the Project ............................ 216

9.4. EMP and Mitigation of Environmental Effects .................................................. 218

9.5. Applicable Legal and Regulatory Framework .................................................. 220

9.5.1. Need for Environmental Clearance .......................................................... 223

9.5.2. Other Major Clearances / Approvals / Permits Applicable to the Project ... 223

9.6. Cost Implications ............................................................................................... 224

9.6.1. Estimated Cost at Pre-Construction Stage ............................................... 225

9.6.2. Estimated Cost at Construction Stage...................................................... 227

9.6.3. Estimated Cost at Operation Stage .......................................................... 229

9.6.4. Summary of Estimated Environmental & Social Budget............................ 229

CHAPTER 10: INSTITUTIONAL REQUIREMENTS ........................................................ 230

10.1. Organizational Set up / Establishment ............................................................. 230

10.2. Man Power Requirement ................................................................................... 232

10.3. Training Requirement / Capacity Building ........................................................ 233

10.4. Infrastructure ..................................................................................................... 233

10.4.1. Immovable .............................................................................................. 233

10.4.2. Movable 234

10.5. Cost Implications ............................................................................................... 234

CHAPTER 11: PROJECT COSTING .............................................................................. 237



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

11.1. General and Financial assumptions ................................................................. 237

11.2. Basis of Costing ................................................................................................ 237

11.3. Development Cost ............................................................................................. 237

11.4. Capital Expenditure ........................................................................................... 238

11.5. Operational and Maintenance Expenditure ...................................................... 242

11.6. Phasing of Expenditure ..................................................................................... 242

CHAPTER 12: IMPLEMENTATION SCHEDULE ............................................................. 243

12.1. Time Frame ........................................................................................................ 243

12.2. Phasing .............................................................................................................. 243

12.3. Suggested Implementation Mechanism ........................................................... 243

CHAPTER 13: ECONOMIC AND FINANCIAL ANALYSIS ............................................... 244

13.1. Introduction ....................................................................................................... 244

13.2. Input Sheet ......................................................................................................... 245

13.3. Revenue ............................................................................................................. 247

13.4. Costs 248

13.5. Financial Analysis / FIRR .................................................................................. 249

13.6. Economic Analysis / EIRR ................................................................................. 252

13.7. Sensitivity Analysis ........................................................................................... 253

13.8. Risk Factors & Mitigation .................................................................................. 255

13.9. Necessity of Govt. Support (VGF / PPP) ........................................................... 257

13.10. Conclusion ......................................................................................................... 257

CHAPTER 14: CONCLUSIONS AND RECOMMENDATIONS ......................................... 258

CHAPTER 15: TEMPLATES ........................................................................................... 260

15.1. Environmental & Social Screening Template ................................................... 260

15.2. Traffic Template ................................................................................................. 263

15.2.1. Catchment Baseline ................................................................................ 263

15.2.2. Navigation Baseline ................................................................................. 264

15.2.3. Market Baseline....................................................................................... 264

15.2.4. Forecasting Years ................................................................................... 266



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

15.2.5. Presentation of Forecast .......................................................................... 267

15.2.6. Market Success Factors .......................................................................... 268

15.2.7. Forecasting Methodology ........................................................................ 268

15.3. Project Costing Template .................................................................................. 269

15.4. Economic Evaluation Template ........................................................................ 270

15.5. Financial Evaluation Template .......................................................................... 272

ANNEXURES ....................................................................................................................... 275

ANNEXURE 1.1 – TOR OF THE AGREEMENT .............................................................. 275

ANNEXURE 1.2 –  COMPLIANCE ON TOR OF THE AGREEMENT .............................. 293

ANNEXURE 1.3 –  SEQUENTIAL APPROACH TO THE PROJECT IN SCHEMATIC FORM295

ANNEXURE 4.1 – LAYOUT MAP SHOWING EXISTING JETTIES AND INDUSTRIES IN THE
VICINITY OF REVADANDA CREEK/KUNDALIKA RIVER .................................. 296

ANNEXURE 4.2 – SUMMARY OF INTERVIEWS ............................................................ 297

ANNEXURE 5.1– CALCULATION OF SAFE BEARING CAPACITY .............................. 299

ANNEXURE 5.2– CALCULATION OF PILE CAPACITY ................................................. 303

ANNEXURE 8.1– RIS / AIS ............................................................................................ 305

ANNEXURE 9.1– LETTER OF MoEFCC ........................................................................ 329

ANNEXURE 10.1– INSTITUTIONAL REQUIREMENT HEAD OFFICE COMPONENTS.. 333

ANNEXURE 10.2– INSTITUTIONAL REQUIREMENT IN MAHARASTRA AND GOA .... 334

ANNEXURE 11.1 – COSTING/ FINANCIAL ASSUMPTIONS ......................................... 335

ANNEXURE 11.2 –COST OF DREDGING ...................................................................... 341

ANNEXURE 11.3 –COST OF BANK PROTECTION WORKS AT RIVER ....................... 342

ANNEXURE 11.4 –COST OF NIGHT NAVIGATION WORKS ......................................... 343

ANNEXURE 11.5 –COST OF LAND FOR LO-LO ........................................................... 344

ANNEXURE 11.6 –COST OF RIVERRINE STRUCTURES AT KUNDALIKA LO-LO FACILITY
 ............................................................................................................................ 345

ANNEXURE 11.7 –COST OF STRUCTURES AT TERMINAL ........................................ 348

ANNEXURE 11.8 –COST OF APPROACH (EXTERNAL) ROADS ................................. 349

ANNEXURE 11.9 –COST OF BANK PROTECTION WORKS AT TERMINAL ................ 350



P.010257-W-10305-005 Rev. 01 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
P

vt
.L

td
...

A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

ANNEXURE 12.1 –IMPLEMENTATION SCHEDULE ...................................................... 351

ANNEXURE 12.2 –IMPLEMENTATION SCHEDULE LO-LO .......................................... 353

LIST OF DRAWINGS ............................................................................................................ 355



P.010257-W-10305-005 Rev. 01 13/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

LIST OF TABLES

TABLE 1-1: LIST OF RIVERS/CREEKS OF UNDER CLUSTER VII IN THE STATES OF MAHARASHTRA AND
GOA (LENGTH-460.043KM) ........................................................................................................................... 28
TABLE 1-2: WATERWAYS FOR STAGE II STUDY .......................................................................................... 31
TABLE 1-3: DESCRIPTION OF KUNDALIKA RIVER (NW-10).......................................................................... 32
TABLE 2-1: ACCEPTED STATION COORDINATES (WGS-84)........................................................................ 54
TABLE 2-2: DETAILS OF CHART DATUM USED FOR DATA REDUCTION..................................................... 54
TABLE 2-3: DETAILS OF CHART DATUM USED FOR DATA REDUCTION..................................................... 56
TABLE 2-4: DETAILS OF CHART DATUM USED FOR DATA REDUCTION..................................................... 57
TABLE 2-5: DETAILS OF CHART DATUM USED FOR DATA REDUCTION..................................................... 58
TABLE 2-6: DETAILS OF CROSS STRUCTURES ........................................................................................... 59
TABLE 2-7: DETAILS OF HIGH TENSION LINES ............................................................................................ 60
TABLE 2-8: RIVER BEND RADIUS IN KUNDALIKA RIVER ............................................................................. 60
TABLE 2-9: CURRENT METER DEPLOYMENT LOCATIONS AND DISCHARGE DETAILS ............................. 61
TABLE 2-10: REDUCED DEPTH FROM CH 0.00KM TO CH 10.00KM ............................................................. 62
TABLE 2-11: REDUCED DEPTH FROM CH 10.00KM TO CH 20.00KM ........................................................... 63
TABLE 2-12: REDUCED DEPTH FROM CH 20.00KM TO CH 30.736KM ......................................................... 64
TABLE 2-13: WATER SAMPLE RESULTS ...................................................................................................... 65
TABLE 2-14: SOIL SAMPLE RESULTS ........................................................................................................... 65
TABLE 4-1 TALUKA WISE POPULATION AROUND KUNDALIKA RIVER ........................................................ 79
TABLE 4-2 HISTORIC GSDP OF MAHARASHTRA ......................................................................................... 80
TABLE 4-3 SECTOR WISE ANNUAL GROWTH RATES OF GSDP ................................................................. 80
TABLE 4-4 HISTORIC GROWTH IN PRIMARY SECTOR OF MAHARASHTRA ............................................... 81
TABLE 4-5 AGRICULTURE PRODUCTION IN THE CATCHMENT AREA OF KUNDALIKA RIVER ................... 82
TABLE 4-6 HISTORIC FISH PRODUCTION IN THE HINTERLAND OF KUNDALIKA RIVER ............................ 83
TABLE 4-7 GSDP BY INDUSTRY OF ORIGIN ................................................................................................. 83
TABLE 4-8 TYPE OF JETTIES IN THE CATCHMENT AREA OF KUNDALIKA RIVER ...................................... 86
TABLE 4-9 COAL IMPORTED AT SANEGAON JETTY .................................................................................... 86
TABLE 4-10 INDUSTRIAL PROFILE OF RAIGAD DISTRICT ........................................................................... 88
TABLE 4-11:  EXISTING INDUSTRIES IN THE CATCHMENT OF KUNDALIKA RIVER .................................... 89
TABLE 4-12 INDUSTRIES AROUND KUNDALIKA RIVER USING REVDANDA PORT ..................................... 92
TABLE 4-13 INFRASTRUCTURE AT THE EXISTING PORTS ......................................................................... 94
TABLE 4-14 HISTORIC IMPORT TRADE OF NON MAJOR PORTS OF MH .................................................... 95
TABLE 4-15 HISTORIC EXPORT TRADE OF NON MAJOR PORTS OF MH .................................................... 95
TABLE 4-16 COMMODITY WISE HISTORIC TRAFFIC OF NON-MAJOR PORTS ............................................ 96
TABLE 4-17: TRAFFIC DIVERSIFICATION FROM PORT ................................................................................ 98
TABLE 4-18 OPPORTUNITY FROM COMMODITIES TO THE PROPOSED WATERWAY ............................... 99
TABLE 4-19 FAMOUS TOURIST SPOTS AROUND KUNDALIKA RIVER ....................................................... 100
TABLE 4-20 EXISTING PASSENGER FERRY TERMINALS AND HISTORIC PASSENGER TRAFFIC ........... 104
TABLE 4-21 ANALYSIS OF FSR STUDY ...................................................................................................... 104
TABLE 4-22 OVERALL RIVER ATTRACTIVENESS....................................................................................... 106
TABLE 4-23 TRAFFIC PROJECTION OF COAL IN KUNDALIKA RIVER ........................................................ 106
TABLE 4-24 TRAFFIC PROJECTION OF COAL AT SANEGAON JETTY ....................................................... 106
TABLE 4-25: TRAFFIC POTENTIAL FOR IDENTIFIED TERMINAL LOCATIONS ........................................... 108
TABLE 4-26: TRAFFIC SUMMARY ............................................................................................................... 110
TABLE 5-1:  TERMINAL LAND DETAILS ....................................................................................................... 117
TABLE 5-2: GEOLOGICAL STRATIGRAPHY ................................................................................................ 124
TABLE 5-3: SUMMARY OF DRILL HOLE ...................................................................................................... 125
TABLE 5-4: SUMMARY OF IN-SITU TEST RESULTS ................................................................................... 126
TABLE 5-5: SUMMARY OF LABORATORY TEST RESULTS ON SOIL SAMPLES ........................................ 127
TABLE 5-6: SUMMARY OF LABORATORY TEST RESULTS ON ROCK SAMPLES ...................................... 128
TABLE 5-7: SOIL PARAMETERS ADOPTED FOR THE ANALYSIS ............................................................... 129
TABLE 5-8: SUMMARY OF BEARING CAPACITY CALCULATIONS (KN/M2) ................................................ 129
TABLE 5-9: SUMMARY OF PILE CAPACITY CALCULATIONS ..................................................................... 130
TABLE 5-10:  SALIENT FEATURES OF BERTH STRUCTURE ...................................................................... 132
TABLE 6-1:  TYPICAL VALUES FOR A GRADING OF 10 TO 60 KG (FOLLOWING EN13383) ....................... 148



P.010257-W-10305-005 Rev. 01 14/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

TABLE 6-2: TECHNICAL SPECS FOR STONE FILL FOR GABIONS ............................................................. 149
TABLE 6-3: EUROPEAN STANDARDS FOR THE WIRE MESH .................................................................... 150
TABLE 6-4:  SEISMIC LOADING ................................................................................................................... 157
TABLE 6-5:  SALIENT FEATURES OF RO-RO AND LO-LO .......................................................................... 158
TABLE 6-6: PARTIAL SAFETY FACTORS FOR LOADS IN LIMIT STATE DESIGN ........................................ 163
TABLE 6-7: CALCULATION OF SOCKETED PILE CAPACITY- REVDANDA LO-LO ...................................... 165
TABLE 7-1:  CLASSIFICATION OF INLAND WATERWAYS FOR RIVERS ..................................................... 167
TABLE 7-2:  CLASSIFICATION OF INLAND WATERWAYS FOR RIVERS ..................................................... 167
TABLE 7-3:  CLASSIFICATION OF VESSEL SIZE......................................................................................... 168
TABLE 7-4:  TYPICAL BARGE TOW CHARACTERISTICS ............................................................................ 170
TABLE 7-5:  TYPICAL CHARACTERISTICS OF BARGES ON THE INLAND WATERWAYS SYSTEM ........... 171
TABLE 7-6:  CLASSIFICATION OF EUROPEAN INLAND WATERWAYS-1992 .............................................. 171
TABLE 7-7:  CHARACTERISTICS OF REFERENCE MOTOR CARGO VESSELS- CHINESE CLASSIFICATION
..................................................................................................................................................................... 172
TABLE 7-8:  WATERWAY RATIOS OF DIFFERENT COUNTRIES................................................................. 173
TABLE 7-9:  WATERWAY RATIOS OF INDIAN IWT (RIVERS) ...................................................................... 173
TABLE 7-10:  WATERWAY RATIOS OF INDIAN IWT (CANALS) ................................................................... 174
TABLE 7-11:  RANGE VARIATION OF THE FACTORS ................................................................................. 174
TABLE 9-1: PROTECTED MONUMENTS IN RAIGAD DISTRICT, MAHARASHTRA....................................... 207
TABLE 9-2: DETAILS OF SUB-DIVISIONS, TAHASILS, VILLAGES, CIRCLES AND SAZZAS IN RAIGAD
DISTRICT ..................................................................................................................................................... 214
TABLE 9-3: MAJOR CLEARANCES / APPROVALS / PERMITS AND THEIR APPLICABILITY TO THE PROJECT
..................................................................................................................................................................... 224
TABLE 9-4: SUMMARIZED ESTIMATED COST FOR CONSULTANCY SERVICES ....................................... 225
TABLE 9-5: ESTIMATED SUB-COST FOR ONE TIME BASELINE DATA GENERATION AT PRE-
CONSTRUCTION STAGE............................................................................................................................. 226
TABLE 9-6: ESTIMATED COST FOR ENVIRONMENT MANAGEMENT DURING CONSTRUCTION .............. 227
TABLE 9-7: ENVIRONMENTAL MONITORING COST FOR CONSTRUCTION STAGE .................................. 227
TABLE 9-8: ESTIMATED ENVIRONMENT MANAGEMENT COST DURING OPERATION ............................. 229
TABLE 9-9: SUMMARY OF ESTIMATED ENVIRONMENTAL & SOCIAL COSTS FOR VARIOUS STAGES.... 229
TABLE 10-1:  MANPOWER FINANCIAL IMPLICATION PER MONTH ............................................................ 234
TABLE 10-2:  FINANCIAL IMPLICATION – CAPITAL AND MAINTENANCE ................................................... 235
TABLE 11-1:  ABSTRACT OF COST FOR KUNDALIKA FAIRWAY DEVELOPMENT FOR CAPTIVE TERMINAL
OPERATIONS (PHASE 1)............................................................................................................................. 238
TABLE 11-2:  ABSTRACT OF COST FOR KUNDALIKA FAIRWAY DEVELOPMENT FOR CAPTIVE TERMINAL
OPERATIONS (PHASE 2)............................................................................................................................. 240
TABLE 11-3:  ABSTRACT OF COST FOR KUNDALIKA LOLO FACILITY (PHASE 2) ..................................... 241
TABLE 13-1:  REVDANDA RIVER DEVELOPMENT IN PHASES ................................................................... 244
TABLE 13-2:  INPUT SHEET FOR REVDANDA RIVER PROJECT ................................................................ 245
TABLE 13-3: REVENUE FOR REVDANDA RIVER (INR LAKHS) ................................................................... 247
TABLE 13-4: PROJECT COST ...................................................................................................................... 248
TABLE 13-5: COST ASSOCIATED WITH VESSEL ACQUISITION AND OPERATION .................................... 249
TABLE 13-6: EMPLOYMENT SCHEDULE AND SALARY EXPENDITURE (INR LAKH) .................................. 249
TABLE 13-7: DEPRECIATION (USING SLM METHOD) (INR LAKH) .............................................................. 250
TABLE 13-8: O & M COST (INR LAKH) ......................................................................................................... 251
TABLE 13-9: FIRR FOR REVDANDA RIVER (INR LAKH) .............................................................................. 252
TABLE 13-10: PROJECT EIRR (INR CRORES)............................................................................................. 253
TABLE 13-11: SENSITIVITY ANALYSIS (+10% REVENUE, +10% PROJECT COST) .................................... 253
TABLE 13-12: SENSITIVITY ANALYSIS (+10% REVENUE, -10% PROJECT COST) ..................................... 254
TABLE 13-13: SENSITIVITY ANALYSIS (-10% REVENUE, +10% PROJECT COST) ..................................... 254
TABLE 13-14: SENSITIVITY ANALYSIS (-10% REVENUE, -10% PROJECT COST) ...................................... 255
TABLE 13-15: RISK FACTORS & MITIGATION MEASURES ......................................................................... 256
TABLE 13-16: PROBABLE IMPACT OF VGF ON PROJECT RETURNS ........................................................ 257
TABLE 13-17: CRITICAL INDICATORS FOR THE REVDANDA RIVER PROJECT ......................................... 257



P.010257-W-10305-005 Rev. 01 15/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

LIST OF FIGURES

FIGURE 1.1 : INDEX MAP .............................................................................................................................. 34
FIGURE 2.1: CATCHMENT AREA MAP OF KUNDALIKA RIVER (SOURCE: GOOGLE EARTH) ...................... 36
FIGURE 2.2: RIVER STRETCH FROM CH 0.00KM TO 5.00KM IN MARCH, 2004 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 38
FIGURE 2.3 : RIVER STRETCH FROM CH 0.00KM TO 5.00KM IN MARCH, 2004 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 39
FIGURE 2.4 : RIVER STRETCH FROM CH 0.00KM TO 5.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH)39
FIGURE 2.5 : RIVER STRETCH FROM CH 0.00KM TO 5.00KM IN MARCH, 2013 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 40
FIGURE  2.6  :  RIVER  STRETCH  FROM  CH  0.00KM  TO  5.00KM  IN  NOVEMBER,  2016  (SOURCE:  GOOGLE
EARTH) .......................................................................................................................................................... 40
FIGURE 2.7 : RIVER STRETCH FROM CH 6.00KM TO 10.00KM IN MARCH, 2004 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 41
FIGURE 2.8 : RIVER STRETCH FROM CH 6.00KM TO 10.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 41
FIGURE 2.9 : RIVER STRETCH FROM CH 6.00KM TO 10.00KM IN MARCH, 2013 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 42
FIGURE 2.10 : RIVER STRETCH FROM CH 6.00KM TO 10.00KM IN NOVEMBER, 2016 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 42
FIGURE 2.11 : RIVER STRETCH FROM CH 11.00KM TO 20.00KM IN MARCH, 2004 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 43
FIGURE 2.12 : RIVER STRETCH FROM CH 11.00KM TO 20.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 44
FIGURE 2.13: RIVER STRETCH FROM CH 11.00KM TO 20.00KM IN MARCH, 2013 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 44
FIGURE 2.14 : RIVER STRETCH FROM CH 11.00KM TO 20.00KM IN OCTOBER, 2016 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 45
FIGURE 2.15 : RIVER STRETCH NEAR CH 15.00KM IN MARCH, 2004(SOURCE: GOOGLE EARTH)............ 45
FIGURE 2.16 : : RIVER STRETCH NEAR CH 15.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH) ............ 45
FIGURE 2.17 :  RIVER STRETCH NEAR CH 15.00KM IN MARCH, 2013 (SOURCE: GOOGLE EARTH) .......... 45
FIGURE 2.18 :RIVER STRETCH NEAR CH 15.00KM IN NOVEMBER, 2016 (SOURCE: GOOGLE EARTH) ..... 45
 FIGURE 2.19 : RIVER STRETCH FROM CH 21.00KM TO 25.00KM IN MARCH, 2004 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 46
FIGURE 2.20 : RIVER STRETCH FROM CH 21.00KM TO 25.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 47
FIGURE 2.21 : RIVER STRETCH FROM CH 21.00KM TO 25.00KM IN MARCH, 2013 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 47
  FIGURE 2.22 : RIVER STRETCH FROM CH 21.00KM TO 25.00KM IN NOVEMBER, 2016 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 48
            FIGURE 2.23 : RIVER STRETCH FROM CH 26.00KM TO 30.73KM IN MARCH, 2004 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 48
FIGURE 2.24 : RIVER STRETCH FROM CH 26.00KM TO 30.73KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH)
....................................................................................................................................................................... 49
FIGURE 2.25 : RIVER STRETCH FROM CH 26.00KM TO 30.73KM IN MARCH, 2013 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 49
FIGURE 2.26 : RIVER STRETCH FROM CH 26.00KM TO 30.73KM IN NOVEMBER, 2016 (SOURCE: GOOGLE
EARTH) .......................................................................................................................................................... 50
 FIGURE 2.27 : RIVER STRETCH NEAR CH 21.00KM IN MARCH, 2004 (SOURCE: GOOGLE EARTH) .......... 50
 FIGURE 2.28 : RIVER STRETCH NEAR CH 21.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH) ............. 50
 FIGURE 2.29 : RIVER STRETCH NEAR CH 21.00KM IN MARCH, 2013 (SOURCE: GOOGLE EARTH) .......... 50
 FIGURE 2.30 : RIVER STRETCH NEAR CH 21.00KM IN NOVEMBER, 2016(SOURCE: GOOGLE EARTH) .... 50
 FIGURE 2.31 : RIVER STRETCH NEAR CH 21.00KM IN MARCH, 2004 (SOURCE: GOOGLE EARTH) .......... 51
 FIGURE 2.32 : RIVER STRETCH NEAR CH 21.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH) ............. 51
FIGURE 2.33 : RIVER STRETCH NEAR CH 21.00KM IN MARCH, 2013 (SOURCE: GOOGLE EARTH) ........... 51
 FIGURE 2.34 : RIVER STRETCH NEAR CH 21.00KM IN NOVEMBER, 2016(SOURCE: GOOGLE EARTH) .... 51



P.010257-W-10305-005 Rev. 01 16/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

FIGURE 2.35 : RIVER STRETCH NEAR CH 21.00KM MARCH, 2004 (SOURCE: GOOGLE EARTH) ............... 51
 FIGURE 2.36 : RIVER STRETCH NEAR CH 21.00KM IN JUNE, 2010 (SOURCE: GOOGLE EARTH) ............. 51
FIGURE 2.37 : RIVER STRETCH NEAR CH 21.00KM IN MARCH, 2013 (SOURCE: GOOGLE EARTH) ........... 51
 FIGURE 2.38 : RIVER STRETCH NEAR CH 21.00KM IN NOVEMBER, 2016(SOURCE: GOOGLE EARTH) .... 51
FIGURE 2.39: RIVER BANK IN 2004 AND 2016 IN THE MIDDLE STRETCH OF THE RIVER .......................... 53
FIGURE 2.40: RIVER BANK IN 2004 AND 2016 IN THE UPPER STRETCH OF THE RIVER ........................... 54
FIGURE 2.41: KUNDALIKA RIVER FROM CH 0.00KM TO CH 10.00KM .......................................................... 62
FIGURE 2.42: KUNDALIKA RIVER FROM CH 10.00KM TO CH 20.00KM ........................................................ 63
FIGURE 2.43: KUNDALIKA RIVER FROM CH 20.00KM TO CH 30.736KM ...................................................... 64
FIGURE 3.1: TYPES OF DIKE STRUCTURES ................................................................................................ 72
FIGURE 4-1 KUNDALIKA RIVER OVERVIEW ................................................................................................. 77
FIGURE 4-2 SECTORS OF MAHARASHTRA .................................................................................................. 81
FIGURE 4-3 FISH PRODUCTION IN MAHARASHTRA .................................................................................... 82
FIGURE 4-4 INFRASTRUCTURE IN THE CATCHMENT AREA OF KUNDALIKA RIVER .................................. 85
FIGURE 4-5 INFRASTRUCTURE IN THE CATCHMENT AREA OF KUNDALIKA RIVER .................................. 90
FIGURE 4-6 IDENTIFIED TERMINALS ON KUNDALIKA RIVER .................................................................... 107
FIGURE 5.1: BLOW UP OF THE PROJECT AREA FROM GEOLOGICAL QUADRANGLE MAP (FIGURE 1.3)
..................................................................................................................................................................... 119
FIGURE 5.2: INDEX OF THE GEOLOGICAL QUADRANGLE MAP (47F) ....................................................... 120
FIGURE 5.3: GEOLOGICAL QUADRANGLE MAP (47F) SHOWING PROJECT AREA (SOURCE: GEOLOGICAL
SURVEY OF INDIA) ...................................................................................................................................... 121
FIGURE 5.4: GOOGLE EARTH IMAGE SHOWING PROJECT AREA (IN CIRCLE) ........................................ 123
FIGURE 5.5: ENLARGED VIEW OF GOOGLE EARTH IMAGE SHOWING PROJECT AREA (IN CIRCLE) ..... 123
FIGURE 6.1: DIFFERENT TYPES OF SPUR ................................................................................................. 135
FIGURE 6.2: PLAN VIEW OF SYSTEM OF SPUR-DIKES CONSTRUCTED TO CONTROL AND STABILIZE THE
EROSION OF THE OUTER BAND ................................................................................................................ 136
FIGURE 6.3: DIAGRAM SHOWING THE LENGTH AND SPACING OF THE INDIVIDUAL DIKES WITH RESPECT
TO THE RIVER WIDTH................................................................................................................................. 137
FIGURE 6.4: TYPICAL LAYOUT AND SECTION OF SPUR ........................................................................... 139
FIGURE 6.5: MINIMUM ROCK SIZE ACCORDING TO THE IS12094 ............................................................. 145
FIGURE 6.6: MINIMUM REQUIRED THICKNESS FOR REVETMENT ........................................................... 147
FIGURE 6.7: MINIMUM AVERAGE ROCK DIAMETER .................................................................................. 149
FIGURE 6.8: EXAMPLE OF A GABION MATTRESS AND GABION BASKET ................................................. 150
FIGURE 7.1: DIMENSIONS – ONE WAY NAVIGATION CHANNEL ............................................................... 169
FIGURE 7.2: DIMENSIONS – TWO WAY NAVIGATION CHANNEL ............................................................... 169
FIGURE 7.3: PLAN AND ELEVATION OF VESSEL ....................................................................................... 170



P.010257-W-10305-005 Rev. 01 17/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

LIST OF ABBREVIATIONS
Abbreviations Acronyms

BFL Bombay Floating Light

CD Chart Datum

Ch Chainage

CRZ Coastal Regulation Zone

CWC Central Water Commission

DGPS Differential Global Positioning System

DMIC Delhi Mumbai Industrial Corridor

DPR Detailed Project Report

FSL Full Supply Level

GAIL Gas Authority of India Ltd.

HC Horizontal Clearance

IO Iron Ores

IOCL Indian Oil Corporation Ltd.

IWAI Inland Waterways Authority of India

IWT Inland Water Transport

KIOCL Kudremukh Iron Ore Company Limited

KP Km Points

LAD Least Available Depth

MHWS Mean High Water Spring

MMTPA Million Metric Tonne Per Annum

MnT Million Tonnes

MOEFCC Ministry of Environment, Forest & Climate Change

MOS Ministry of Shipping

MRPL Mangalore Refineries and Petrochemicals Ltd.

MSME Micro Small & Medium Enterprises

MTPA Metric Tonne per Annum

NH National Highway

NMPT New Mangalore Port Trust

NW National Waterway

OMPT Old Mangalore Port Trust

PGCIL Power Grid Corporation of India Limited

PWD Public Works Department

SEB State Electricity Board

SH State Highway

UPCL Udupi Power Corporation Ltd

VC Vertical Clearance

WRD Water Resources Department

WRIS Water Resources Information System of India



P.010257-W-10305-005 Rev. 01 18/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

SALIENT FEATURES

# Particulars Details

REVADANDA (NW-85)
A GENERAL

1 Location

a Cluster Cluster-7

b State(s) Maharashtra

c Co-ordinates& Name of
Place

Start End

Place Anchorage / Salav Jetty Roha

Latitude 18°32'16.7857"N 18° 26' 31.50"N

Longitude 72°55'33.4735"E 73° 07' 10.74"E

B TECHNICAL
1 Waterway

a National Waterway
Number

NW-85

b Class IV (up to 26.00 km)

c Type (Tidal/Non-Tidal) Fully Tidal

Length (Km.) Total Tidal Non-Tidal

30.736km 30.736km Nil

d Average Tidal Variation,
if applicable

3.38m
Chainage

(km)
Observed M.

H.W.
Observed M.
L.W.

Tidal variation
(m)

1.060 4.09 0.55 3.54

10.610 4.04 0.68 3.36

21.110 3.92 0.55 3.37

30.355 3.96 0.72 3.24

e Chart Datum

Description/Basis Kude

18°29'38.9536"N
072°59'30.8202"E

Gophan

18°28'58.1257"N
073°02'48.3639"E

Roha

18°26'32.8232"N
073°07'00.6959"E

Value (from Zero of
Gauge) + 0.159 m + 0.025m * + 0.210m *

* Chart Datum above zero of gauge

f LAD Status (w.r.t. CD)

Stretch-1 Stretch-2 Stretch-3 Total

Stretch
(From…...To……) 0 – 10.00 10.00 -20 .00 20.00-30.736

Length with LAD < 1.2 m 0.000 0.000 7.486 7.486

With LAD from 1.2-1.4 m 0.000 0.000 0.000 0.000

With LAD from 1.5-1.7 m 0.150 0.000 0.000 0.150

With LAD from 1.8-2.0 m 0.100 1.000 0.020 1.120

With LAD > 2.0 m 9.750 9.000 3.230 21.980

g Target Depth of
Proposed Fairway (m)

2.00m
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# Particulars Details

h Conservancy Works
Required

Type of Work Stretch-1 Stretch-2 Stretch-3 Total

0 - 10 10 - 20 (20 – 30.736 )

Dredging Required 340.48 0 4,97,027.39 4,97,367.87

Bandalling Nil Nil Nil Nil

Barrages & Locks Nil Nil Nil Nil

River Training/Bank
Protection (Km.)

Considered under Phase 2 at 8 locations 500 m each @
Ch. 14.92 km; Ch. 16.38 km; Ch. 17.73 km; Ch. 19.90 km; Ch. 23.81 km;

Ch. 25.61 km and also between Ch. 21.00 km and Ch. 22.50 km (about
1000 m)

i Existing Cross
Structures

Name of Structure Type Nos. Range of
Horizontal
Clearance

Range of Vertical
Clearance w.r.t.

HFL/MHWS

 Dams/Barrages/Weirs/A
queducts etc.

Nil Nil Nil Nil

 Bridges Road 3 15m to 50m 4.50m to 10.50m

 HT/Tele-communication
lines

HT Lines 1 750m 12.30m

 Pipelines, underwater
cables, etc.

Nil Nil Nil Nil

2 Traffic

a Present IWT Operations
(type of services)

At present Kundalika river is operational.  Sanegaon Jetty & Salav Jetty
are handling Coal & Iron Ore respectively.

b Major industries in the
hinterland (i.e. within 25
km. on either side)

3 MIDC - Dhatav, Vile Bhagad & Usar and 2 industries in Salav – JSW &
Welspun Maxsteel

c Connectivity of major
industries with Rail/Road
network
(Distances/Nearest
Railway Stations etc.)

Major roads - NH 66, Local roads along the Kundalika River on both sides.

Major railway – Konkan railway line, 5 kms away from Roha (End point of
River).

d Commodities In-bound Out-bound

1 Coal Import n/a

2 Iron Ore Import n/a

e Future Potential (MMT)

Name of Commodity 5 years 10 years 15 years 20 years 25 years
Sanegaon Jetty

1 Coal 2.44 2.75 3.00 3.00 3.00

Salav Jetty

1 Iron Ore 0.05 0.08 0.14 0.25 0.43

Proposed IWAI Terminal on Kundalika River (Zolambe)

1 Coal 0.00 0.00 0.12 0.57 1.12
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# Particulars Details
3 Terminals/Jetties

a Terminal/Jetty - 1 LO-LO

Location
(Bank/city/district) 18° 27' 53" N  & 73° 05' 09" E near Zolambe (V)

Type/Services Handling of Bulk Cargo

Facilities Cranes and Forklifts are provisioned

Approach Road is available

Land Ownership

Area (ha.) Govt. Private

NIL 4.2

4 Design Vessel

a Type Pusher Tug & Dumb Barges

b No. & Size 2 PTs (30m to 40m x 12m to 14m) + 4 DBs (70m to 75m x 12m to 14m)

c Loaded Draft PT 1.70 m / 2.0 m + DB 1.80 m / 2.0 m

d Capacity Each DB of 1000 Tonne

5 Navigation Aids

a Type Beacon & Light (Phase 1) / Buoy & Light (Phase 2)

b Nos. 7 / 65

b Communication
Facilities

No suggestion

C FINANCIAL

1 Project Cost

a Capital Cost Fairway (Ph 1 / Ph 2) Lo-Lo

Cost (INR) 14.24  cr / 64.34 cr 46.78 cr

b O & M Cost 2.15 cr / 15.06 cr 15.42 cr

2 User Charges

a For IWAI -

b For Operator -

3 Financial Internal Rate
of Return (%)

a For IWAI Non-existent

b Operator -

4 Economic Internal
Rate of Return (%)

Fairway (Ph 1 / Ph 2) Lo-Lo

155% / 65% 7%

5 Any other Important
Feature
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EXECUTIVE SUMMARY

Kundalika River is one of the waterways declared as National Waterway in March,

2016 as NW 85. Kundalika River originates in Western Ghats at an altitude of 820 masl

and meets the Arabian Sea near Revedanda in Raigad district. Out of the total length,

31 km length of Revadanda Creek/ Kundalika River from Arabian Sea at Revadanda

Lat 18°32'19.85"N, Long 72°55'32.80"E to Bridge on Roha-Astami Road near Roha

Nagar Lat 18°26'31.50"N, Long 73° 7'10.74"E has been declared as new national

waterway and proposed to undertake the two stage DPR. M/s Tractebel has been

assigned with the work of Preparation of a two stage DPR. Subsequent to the Stage

1 preliminary findings, the Waterway stretch of 30.736 Kms from Lat 18° 32' 16.7857"

N, Long 72° 55' 33.4735" E has been taken up for the Stage 2 Detailed Project Report

(DPR) so as to assess the required developments and the IWT Traffic potential along

with inter alia activities including the working out of Cost / Return factors for taking a

decision on developments / investments.

The major components in the DPR can be considered as Fairway Development;

Traffic Confirmations; Terminal Development; Vessel Requirement and Financial

Analysis. Bathymetric Survey of the study stretch has been carried out along with the

Topographical Survey so as to arrive at the conservancy requirements including

Dredging; Channel demarcation and other Waterway requirements for safe

navigation. The next one is Traffic Confirmations. The present Traffic scenario,

possible divertible traffic to IWT is to be estimated. In sequence, Terminal

Development, Vessel Requirement and Financial Analysis have been considered.

River Morphological analysis of the study stretch has been considered by analyzing

the river regime of the past 15 to 20 years with 5 years span and the findings have

been recorded. As such there is no major Regime disturbance in the study stretch.

Based on the Hydrographic Survey inputs and other site data collected, it has been

noticed that 3 Nos of Bridges are located. The Bridge at Ch. 0.805 Km is having

sufficient Navigational clearances and the other two Bridges are located at the end

of the stretch i.e., at Ch. 30.728 and 30.736, hence need not be considered for

analysis. 1 No of HT Line is crossing the study area, which is having sufficient

navigational clearances. No pipe line is crossing the study area. No Dams / Barrages

/ Locks / Weirs / Anicuts / Aqueducts are located. 22 Nos. Bend locations have been

identified in the study stretch.
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Existing waterway of the study stretch is being used for mobility of the cargo of M/s

JSW and M/s Indo Energy International Ltd., through their captive jetties located around

Ch 20 Km and Ch 21 Km. The cargo for the captive jetty at Sanegaon is about 1.20

MMTPA in FY 16 and expected to increase to 3.00 MMTPA in FY 30 consisting of Coal.

The increase is due to the plant capacity expansion and other increased planned

activities in the hinterland. The Coal cargo in captive jetty of Sanegaon, on saturation,

may have to be augmented with other terminal and to be developed by IWAI i.e., to

meet the Coal cargo of 0.12 MMTPA in FY 30 and 1.12 MMTPA in FY 40. Accordingly,

a Lo-Lo Terminal is proposed to be developed by IWAI.

The fairway requirements are being considered for analysis for its maximum / optimum

utilization. Based on the existing fairway and the hindrances etc., it has been observed

that the initial 20 kms stretch is having scattered shoals at 5 locations of 800 m and it

is proposed to consider the development as Class IV for mobility of 2000 T as a convoy

of 2 x 1000 T. The vessel / convoy requirement is 170 m (Length) x 12 m (Breadth) x

1.8 m / 2.0 m (Draft / Depth). Accordingly, the fairway requirement is 50 m (Bottom

Width) x 2.0 m (Depth) with Bend Radius of 800. Clearance corridor of 50 m Horizontal

Clearance (HC) and 10 m Vertical Clearance (VC) is the requirement specified at Cross

structures for safe passage of Vessel / Convoy.

Keeping in view the proposed IWAI Terminal at Ch 26 km, it has been considered to

develop Class IV waterway up to the IWAI proposed Terminal and Fairway is not

suggested for any development beyond. However, the Terminal Design has been

considered with Class VII vessel, keeping in view the Classification of NW 85 as Class

VII, as per the revised notification.

In order to meet the mobility of 2000 T, the convoy system of Class IV has been

concluded. Further, an alternative of mobility of Self Propelled Vessel with 70 m x 12

m x 1.8 m of 1000 T was thought of, but may not be economical in operation.

Accordingly, the Dredging quantities have been worked out for the Indian class of Class

IV convoy system for the subject study.
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alObserved Reduced w. r. t. Sounding Datum

Chainage
(km)

Observed
depth (m)

Length
of

Shoal
(m)

Dredging
quantity
(cu.m.)

Reduced depth
(m)

Length
of

Shoal
(m)

Dredging
quantity
(cu.m.)

From To Max. Min. Per km
drg Max. Min. Per km

drg

0 10

TIDAL ZONE

8.3 1.5 250 340.48

10 20 8.8 1.9 0 0

20 26 4.6 -0.9 3170 141943.1

Total 3420 142283.6

The Development and Investment etc., are being proposed in TWO Phases i.e., in

Phase 1, it is suggested to develop the Fairway stretch up to Ch. 26 Kms to provide

safe mobility of IWT Traffic of M/s JSW and M/s Indo Energy International Ltd.,.

Accordingly, the development is proposed for initial 3 years from the commencement.

A period of 5 to 7 years is suggested for critical and Micro Level observation on the

Growth Trend of Traffic. It is suggested to consider the Phase 2 only after the increase

in Traffic volumes and keeping in view the possible growth. In Phase 2, the

development period is suggested with the development ending in 2029 and the

proposed developments are Fairway development with Bank Protection; Buoy / Light

system along with Lo-Lo jetty.

In order to provide a safe navigable fairway, in Phase 1, dredging of about 1.48 Lakhs

Cu. M in Soils and 0.17 Lakhs Cu. M in Hard Soils along with Beacon / Lights of 7 Nos.

and the Institutional Requirements etc., have been recommended.
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In the Phase 2, it has been proposed with the provision of 65 Nos. Of Buoy / Light

system; Bank Protection at 8 Nos. Locations with 4000 m along with the Lo-Lo Terminal

at identified location, only after having the justification of Phase 2 development.

The Terminal requirement has been considered with 1 Lift-on Lift-off (Lo-Lo) IWT

Terminal along with handling facilities. Taking into the consideration of the origin and

destination and fairway, the most probable location identified is at Ch 26 km, on the left

side of the river with approx. Lat 18°27'53"N and Long 73°05'09"E. This location is

having good accessibility to the road and on the opposite side of the Sanegaon area.

A tentative Land requirement has been worked out and arrived at with 31,000 Sq. M

and the Land Survey was considered accordingly. Land Details of the location has been

firmed up and the same is in the Zolambi Village; Roha Taluka; Raigarh District of

Maharashtra state. Geotechnical Investigations have been carried out and the

Preliminary designs have been worked out with these investigation Reports.

As per the Class IV waterway classification, the maximum of 2000 T is to be mobilized

in 2 x 1000 T barges with 12 m width and 1.8 m Loaded Draft / 2.0 m Depth in front of

the Berthing Structure. Considering the vessel size of berthing of 2 DBs of 75 m (say

80 m) each, the optimum length of Berth requirement has been taken as 120 m. In this

length of 120 m, 2 cranes shall be made operational without any hindrance at any point

of time. It is proposed to initially deploy 1 Rubber mounted crane capable of handling

125 TPH with 80 % efficiency, which will be increased to 2 Cranes. In the ultimate

requirement, it will be considered as 1 Berth + 2 Cranes to meet the 1.12 MMTPA.

SALIENT FEATURES OF BERTH STRUCTURE

Description Length(m) Width (m)

LO LO 120 32

Preliminary Designs have been worked out for Spurs; Bank Protection with Gabions;

Navigational Aids through Beacons (Lattice Bridge); Buoys (Polyethylene) and Lights

(4 NM); Lo-Lo Jetty.

The Vessel Design has been discussed with international standards, as in vogue. To

meet the mobility of the cargo in excess after attaining the saturation level by the

infrastructure at captive Terminal locations, the following Vessel sizes are suggested

and proposed for deployment. The convoy system only has been suggested. Costs are

indicative. Deployment will be by Entrepreneurs.
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Self Propelled Vessel: (2000 T) {Not Recommended} with Length – 86 m to 90 m;

Breadth – 12 m to 14 m; Loaded Draft / Depth – 2.5 m / 3.0 m +; Cargo Capacity –

2000 T and Propulsion by Marine Diesel Engines of 2 x 625 Bhp is costing about INR

1000 Lakhs each.

Pusher Tug: with Length – 30 to 40 m; Breadth – 12 m to 14 m; Draft / Depth – 1.7 /

2.0 + and Propulsion by Marine Diesel Engines of 3 x 800 Bhp is costing about INR

900 Lakhs each.

Dumb Barge: with Length – 70 m to 75 m; Breadth – 12 m to 14 m; Loaded Draft /

Depth – 1.8 m / 2.0 m +; Cargo Capacity – 1000 T is costing about INR 500 Lakhs

each.

1 PT + 2 DBs may be required by 2029. {Construction from 2025 to 2029}

1 PT + 2 DBs may be required by 2038. {Construction from 2035 to 2038}

Regarding the Navigation & Communication System, it has been worked out the

provision of RIS / AIS / Locating the Vessels / Buoys. An attempt has been made to

ascertain the details on the Vessels Traffic Management System (VTMS). It was

observed that the same is more costly than the RIS system and has not been

discussed. It was understood that the Ministry of Shipping, Govt. Of India has already

initiated the working about feasibility and implementation of “National Coastal Grid of

VTMS”. This proposal is from the strategic safety point of view and is expected to take

some more time. It is suggested to have a dialogue at later date by IWAI for a fool proof

communication / navigation system in the National Waterways joining the sea in both

west / east coast. Hence, a feasible system could not be recommended at this point of

time. However, the system requirement with an indicative cost has been placed, which

has not been taken into consideration, keeping in view the lower level cargo mobility.

With regard to the Environmental aspects, considering the scale of construction and

operation relating to the project, limited significant adverse impacts are anticipated on

account of the project. Most of the impacts will be limited to the construction phase and

can be suitably mitigated by following good industry practices. Since limited dredging

is involved, impact on aquatic ecology is also anticipated to be negligible. No structures

are present over the land identified for construction of terminals or related project

components. Therefore, the project does not involve any dislocation of population. The

entire project area falls under the tidal zone. As such the project shall require obtaining

clearance under the CRZ Notification 2011. Consent to Establish and Consent to



P.010257-W-10305-005 Rev. 01 26/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

Operate from the SPCB shall be required under the Air and Water Acts. No other major

clearances / approvals / permits relating to environmental and social aspects are

applicable to the project. No wildlife clearance is envisaged for the proposed waterway.

Since no structures of cultural, historical or archaeological are anticipated to be

impacted due to the project, no clearance from the Archaeological Survey of India (ASI)

or the State Department of Culture is envisaged for the project.

Regarding the Institutional requirements, it has been proposed to establish a Regional

office to look after the Waterways under Cluster 7 covering Maharashtra and Goa. The

office will be supported with appropriate Manpower and other office infra requirements.

Further, it is proposed to have 2 Nos. Survey Vessels fitted with Survey Instruments;

Related Software; Laptop; 2 Nos. Tugs and 2 Nos. Inspection Boats (Speed Boats) etc,

As explained above, the development is suggested in TWO Phases. Cost estimates

have been worked out for the above suggested 2 Phases.

Fairway in Phase 1 is working out to INR 14.24 Cr.

Fairway in Phase 2 is working out to INR 64.34 Cr.

Lo-Lo Terminal in Phase 2 is working out to INR 46.80 Cr.

All the capital assets will be provisioned in 36 months. Phase 2 is not recommended at

this stage. Investment decision for Phase 2 may have to be considered in 2025 after

observing the growth trend between 2020 and 2025.

The FIRR and EIRR have been worked out and the details are placed.

Project Modules FIRR EIRR

Fairway (Phase 1)

Non-existent

155 %

Fairway (Phase 2) 65 %

Lo-Lo Terminal 7%

It is recommended to develop the stretch of Kundalika River for about 26.00 Kms with

Class IV convoy system of the NW standards, in phase 1, wherein the phase 2

investments in Fairway and Lo-Lo Terminal will be considered at later stage after

having positive growth confirmations.
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CHAPTER 1: INTRODUCTION

1.1. Project Background and Summary of Previous Study

Globally, the renewal of Inland Water Transport (IWT) is under serious consideration

predominantly due to its energy efficient aspect and cheaper mode on comparison.

Further overburdening of the Rail and Road network are also the dominant factors.

Transport planners are now leaning towards the development of IWT system for

transportation of bulk / IWT sensitive cargo.

India has about 14,500km of navigable waterways which comprise Rivers, Canals,

Backwaters, Creeks, etc., out of which about 5200km of the river and 4000km of

canals can be used by mechanized crafts. Yet, IWT mode remains underdeveloped

/ underutilized in India and its share in overall internal cargo transport remains

abysmally low. IWT sector presently has a meagre modal share of 0.1% in India

compared to other large countries and geographic areas like the United States, China

and the European Union.

Inland Waterways Authority of India (IWAI), a statutory authority under the Ministry of

Shipping, came into existence on 27th October 1986 with the prime responsibility of

development and regulation of inland waterways for shipping and navigation including

the development and maintenance of IWT infrastructure on national waterways. It

does the function of building the necessary infrastructure in these waterways,

surveying the economic feasibility of new projects and also administration. The head

office of the Authority is at Noida (Uttar Pradesh). The regional offices of IWAI are at

Patna (Bihar), Kolkata (West Bengal), Guwahati (Assam) and Kochi (Kerala) whereas

sub-offices are at Allahabad & Varanasi (Uttar Pradesh), Bhagalpur (Bihar), Farakka

& Hemnagar (West Bengal), Dibrugarh (Assam), Kollam (Kerala), Vijayawada

(Andhra Pradesh), Chennai (Tamilnadu) and Bhubaneswar (Orissa).

There are now one hundred and eleven national waterways (NW) across the country

which includes five existing national waterways besides 106 waterways which have

recently been declared as national waterways through a central legislation i.e.,

through a bill passed in the Parliament in March 2016.

NW  1, the Ganga – Bhagirathi – Hooghly river system between Haldia (Sagar) &

Allahabad was declared in October 1986 for a Length of 1620 km.
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NW 2, the Dhubri – Sadiya stretch of Brahmaputra River was declared in September

1988 for a Length of 891 km.

NW  3, the Kottapuram – Kollam stretch of the West Coast Canal along with the

Udyogmandal Canal and Champakkara Canal was declared in February 1993 for a

Length of 205 km.

NW 4, the Kakinada – Puducherry stretch consisting of canals and the Kaluvelly Tank

along with Bhadrachalam – Rajahmundry stretch of River Godavari and Wazirabad –

Vijayawada stretch of River Krishna was declared in November 2008 for a Length of

1095 km.

NW 5, the Talcher – Dhamra stretch of the Brahmani River, the Geonkhali – Charbatia

stretch of the East Coast Canal, the Charbatia – Dhamra stretch of Matai river and the

Mangalgadi – Paradip stretch of the Mahanadi River Delta was declared in November

2008 for a Length of 623 km.

Regarding the 106 Newly Declared National Waterways, IWAI is carrying out

feasibility studies / Detailed Project Report (DPR) preparation through a number of

consultants. Two stage preparation of DPR for 53 Waterways have been initiated

through 8 Clusters, whereas M/s Tractebel Engineering had been awarded with 2

Clusters i.e., Custer-VI (consisting of 11 waterways – 7 waterways in Karnataka & 4

waterways in Kerala) & Cluster-VII (consisting of 10 waterways – 7 waterways in

Maharashtra & 3 waterways in Goa).

The Waterways considered for the study of DPR under Cluster VII are detailed

herewith.

TABLE 1-1: List of Rivers/Creeks of under Cluster VII in the States of Maharashtra and Goa
(Length-460.043km)

Sl. No. Name of Rivers/ Creeks National Water
Way (NW)

Length(km) State

1. Amba River NW-10 44.971 Maharashtra

2. Dabhol Creek/ Vashishti River NW-28 45.228 Maharashtra

3. Kalyan-Thane-Mumbai waterway, Vasai creek
and Ulhas River

NW-53 145 Maharashtra

4. Rajpuri Creek NW-83 31 Maharashtra

5. Revadanda creek / Kundalika River NW-85 30.736 Maharashtra

6. Savitri River (Bankot creek) NW-89 45.47 Maharashtra

7. Shastri River/ Jaigad creek NW-91 52 Maharashtra
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Sl. No. Name of Rivers/ Creeks National Water
Way (NW)

Length(km) State

8. Chapora River NW-25 25 Goa

9. Mapusa / Moide River NW-71 26.638 Goa

10. Sal River NW-88 14 Goa

Total 460.043

Waterways restricted to Stage I study.

Accordingly, the Stage II study for the River Kundalika (NW 85) is under

consideration in the present DPR.

1.2. Brief Scope of Work and Compliance statement

The Scope of the Work for the present study is well defined in the Work allocation

along with the Terms of Reference (ToR). The same is annexed herewith at Annexure

1.1. Compliance of the ToT is placed at Annexure 1.2.

The ultimate requirement from the study is to get a conclusion on the aspect of

implementation. Whether the study stretch under consideration is amenable for

implementation or not is the final derivative from the study. In order to get this

conclusion, the study is subjected to the Infrastructure Requirement for development,

the cost for the development with the Expenditure schedules and the viability of the

project with the possible revenues and by meeting the social commitment and

responsibilities.

The IWT project for development of a waterway stretch can be broadly segregated

into the following aspects viz., Fairway Development; Traffic Confirmations; Terminal

Development; Vessel Requirement; Financial Analysis.

1.2.1. Fairway Development

In order to ascertain the existing condition of any waterway, the Bathymetric Survey

data along the full stretch at the specified intervals and specified width and the

Topographical Survey at important / appropriate locations are required. Based on

these site surveys, Conservancy requirements including dredging; Channel

demarcation requirements can be arrived at.
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1.2.2. Traffic Confirmations

The present Traffic scenarios in the hinterland and along the waterway are to be

ascertained and possible volumes of divertible traffic to IWT including the type of

cargo are to be assessed for planning and development. The possibility of Passenger

and Tourism potential are also to be ascertained.

1.2.3. Terminal Development

Terminal development may have to be initiated with the Site confirmation linking up

with various intricacies including the origin and destination of the Traffic. According

to the type of cargo and quantum of cargo, the Terminal Infrastructure requirements

are to be firmed up. The possibility of moulding the Terminal operation and

maintenance as a separate business unit also can be looked into.

1.2.4. Vessel Requirement

Based on the type of cargo, quantum of cargo, distance to be moved etc., also

keeping in view the travel time, the type of vessel and No. of vessels requirement are

to be worked out. As per the existing / present industry standards, the vessel

deployment and its operation and maintenance will not form part of the development

except the projection of the requirements for the project, as a whole. Hence this

aspect is only indicative.

1.2.5. Financial Analysis

Any project, without the mention of the Cost and economic viability will end up as

incomplete. Hence, the detailed Cost analysis; Firming up of the cost for all the items

indicated for development; implementation schedule and phasing of the project;

operation and maintenance cost etc., are the key factors to be looked into. Working

out the possible revenues will be the other key factor. Subjecting the above for a

critical Financial and Economic analysis will provide clarity on the implementation of

the project, as a whole.

1.3. Brief Methodology & Approach:

The Terms of Reference of the subject study, the scope of work defined for the study

itself are indicative about the Methodology to be adopted for the study. Further, the

Approach and Methodology had already been explained in the Stage I report and at
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this juncture, it is prudent to mention the sequential and systematic approach to the

project. Accordingly, a flow diagram has been placed at Annexure 1.3, which is self-

explanatory and by following the activities as specified, the project report will be in

complete shape.

1.4. Project Location / Details of Study Area:

Stage 1 study was completed for all the 10 National Waterways under Cluster VII and

the Feasibility Study Reports of individual National Waterways have been presented

to IWAI. Based on the inputs of the FSR, IWAI asked M/s Tractebel to go ahead with

the Stage II study on 6 out of 10 National Waterways i.e., 4 in the state of Maharashtra

and 2 in the state of Goa, as detailed.

TABLE 1-2: Waterways for Stage II study

Sl. No. NW-No. / Name of the

Waterway

Defined Limits

Cluster 7     (Maharashtra)

1. NW-10 / AMBA RIVER 44.971 kms from starting point Lat 18°50' 26.7055" N,  Long  72°

56' 44.2695" E.

2. NW-28 / DABHOL CREEK /

VASHISHTI RIVER

45.228 kms from starting point Lat 17°34'31.1762" N, Long

73°09'09.5984" E.

3. NW-85 / REVADANDA

CREEK / KUNDALIKA

RIVER

30.736 kms from starting point Lat 18°32'16.7857" N, Long

72°55'33.4735" E.

4. NW-89 / SAVITRI RIVER

(BANKOT CREEK)

45.47 kms from starting point Lat 17°58’47.2472" N, Long

73°02'15.0195" E.

Cluster 7     (Goa)

1. NW-25 / CHAPORA RIVER 25 kms from starting point Lat 15°36'31.2547" N, Long

73°44'06.5695" E.

2. NW-71 / MAPUSA / MOIDE

RIVER

26.638 kms from starting point Lat 15°30'22.0887" N, Long

73°50'36.2908" E.
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The present study is about the Kundalika River – NW 85 for a distance of 30.736 kms from the

Arabian Sea mouth to Upstream, in the state of Maharashtra.

TABLE 1-3: Description of Kundalika River (NW-10)

Sl. No. Introductory Consideration Description of the River

1 Name of the river / canal Revadanda Creek/Kundalika River (NW-85)

2 State/ District through which river

passes

The Revadanda Creek/Kundalika River passes

through the Raigad district of Maharashtra State.

3 Length of the river / canal Kundalika River originates in Western Ghats at an

altitude of 820 masl and meets the Arabian Sea near

Revedanda in Raigad district. Out of the total length,

31 km length of Revadanda Creek/Kundalika River

from Arabian Sea at Revadanda Lat 18°32'19.85"N,

Long 72°55'32.80"E to Bridge on Roha-Astami Road

near Roha Nagar Lat 18°26'31.50"N, Long 73°

7'10.74"E have been declared as new national

waterway and proposed to undertake the two stage

DPR.

4 Map The index map of Revadanda Creek/Kundalika River

showing proposed waterway stretch, topographic

features and road networks are shown in Figure1.2.

The section of the Revadanda Creek/Kundalika River

under feasibility study for inland waterway showing

reconnaissance survey routes is presented in

Drawing No. P. 010257-W-20301-A05 (Sheet – 1 to

6).

Characteristic of River
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Sl. No. Introductory Consideration Description of the River

5 River Course Initially the River Kundalika flows in South West

direction up to Patnus village and then turns to North-

West till it joins the Arabian Sea. After covering a

distance of about thirty two kilometres in westerly

course, the river meets the tide at Roha, and for

about thirty one kilometres more to the west and

north-west, stretches a tidal inlet falling into the

Arabian Sea at Revadanda. The general appearance

of the channel in lower reaches shows meandering

tendency. The meanders themselves introduce local

channel variation, the width of channel increases

considerably from upper reaches to lower reaches,

where it meets the Arabian Sea.

6 Tributaries / Network of Rivers / Basin The Revadanda Creek/Kundalika River receives two

major streams during its course. About 5 kilometres

at the upstream of Chaul village, one tributary meets

at the right bank near Bhonang village. The other

chief tributary is Achalbag, which after draining the

hills near the Janjira border falls into the Kundalika

about sixteen kilometres downstream of Roha.

7 Catchment Area The total catchment area of Revadanda

Creek/Kundalika River is 825 sq-km.
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FIGURE 1.1 : INDEX MAP
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CHAPTER 2: WATERWAY / DETAILED
HYDROGRAPHIC SURVEY

2.1. Hydrographic Survey

Hydrographic survey is the science of measurement of Water depths and description

of features which affect maritime navigation, marine construction, dredging, offshore

oil exploration / offshore oil drilling and related activities. Hydrographic survey are

being carried out for one or more of the following activities like measurement of tides

for sea coast works (e.g. construction of sea defence works, harbours etc.),

determination of bed depth of water bodies, by soundings (for navigation, location of

rocks, sand bars, navigation light).

2.1.1. Waterway in General and Hydro-morphological Characteristics

Waterway in General

The Kundalika River originates in Western Ghats from the Hills of Sahyadri at an

altitude of 820m above mean sea level (AMSL) near Hirdewadi (Bhira), 150 km south

east of Bombay (Mumbai) and meets the Arabian Sea near Revadanda in Raigad

district of Maharashtra. Initially the river flows in South West direction up to Patnus

village and then turns further in to North West and finally merge in to the Arabian Sea.

The Kundalika River is bounded by Roha, Tareghar, Kumboshi, Ashtami, Zolambe,

Gophan and Wavekhar in the upper stretch, Shedsai, Mahalunge, Dapoli, Kapori,

Kude and Walake in the middle stretch and Yesade, Mithekar, Talavali Tarf Umate,

Nidi, Agarkot, Salav, Korlai and Revadanda in the lower stretch.



P.010257-W-10305-005 Rev. 01 36/355 RESTRICTED

T
hi

s
do

cu
m

en
ti

s
th

e
pr

op
er

ty
of

T
ra

ct
eb

el
E

ng
in

ee
rin

g
pv

t.
ltd

.A
ny

du
pl

ic
at

io
n

or
tr

an
sm

is
si

on
to

th
ird

pa
rt

ie
s

is
fo

rb
id

de
n

w
ith

ou
tp

rio
r

w
rit

te
n

ap
pr

ov
al

FIGURE 2.1: Catchment Area Map of Kundalika River (Source: Google Earth)

The river basin is bounded in north by Amba River catchment and in south by Savitri

River basin, on east by Western Ghat and on west by Arabian Sea. The catchment

receives an average annual rainfall of about 3143 mm. The total length of the river

from origin to its outfall in the Arabian Sea is about 74.0 km. The present study

focusses on 30.736 km.

A map showing Kundalika catchment basin is shown in Figure 2.1. Kundalika River

has a relatively small catchment area; its tributaries are small tributaries and feeder

local streams. Both the banks of Kundalika are characterized by clay deposit in lower

reaches (Ref: Maharashtra water and Irrigation commission report, June, 1999). The

important towns located on the banks of Kundalika are Kolad, Korlai, Chaul, Roha

and Salav. The figure indicates that the river flows close to the coastal region; thus

the lower stretch of river is expected to be tidal affected zone. Given the size and

terrain of the river, lower reaches may have navigation potential.

Hydro-morphological Characteristics

The combined study of hydrology and morphology gives a clear picture of hydro

morphological characteristics of any water body.
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Hydro morphology of the study area

Due to maritime influence, the diurnal range of temperature during the day is not

large. March, April and May are the hottest months. The months of March, April and

May, experience very high temperatures which are often accompanied by

thunderstorms. Temperature varies between 22°C-39°C during summer season.

Cool dry spell, with clear skies gentle breeze and pleasant weather prevails from

November to February. Temperature varies between 12°C-34°C during winter

season. During post monsoon time, the temperature varies between 23.1°C - 32.9°C.

It is hot during the day time and cold during the night with humidity being very low.

The most important factor which influences the climate is the towering presence of

the Western Ghats which block the monsoon bearing winds coming from the Arabian

Sea and cause rainfall. The annual rainfall of the state can vary from 400 - 6000 mm

and occurs for 3 - 4 months in a year. The months of March, April and May,

experience very high temperatures which are often accompanied by

thunderstorms. Rainfall starts normally in the first week of June. July is the wettest

month in Maharashtra, while August too gets substantial rain. Monsoon starts its

retreat with the coming of September from the state.

The soil status of Maharashtra is residual, derived from the underlying basalts. In the

semidry plateau, the regur (black-cotton soil) is clayey, rich in iron and moisture-

retentive, though poor in nitrogen and organic matter. When re-deposited along the

river valleys, the kali soils are deeper and heavier. The higher plateau areas have

pather soils, which contain more gravel.

For Kundalika River the soil texture has been observed during the reconnaissance

survey. It is observed that that sandy clay soil is found in most part of the river under

study stretch. Rock outcrops are visible at the banks in the end stretch beyond Ch

26.0km.

Formation of braiding pattern is popularly attributed to heavy sediment load in a river

having a wide and shallow cross section. Rise in river bed levels, rise in flood levels,

accumulation of silt rendering channels shallow, bank erosion as a result of

development of multiple channels and sudden change in flow direction are some of

the conditions associated with braided rivers. However from the survey it was seen

that there is no braiding in this river course.
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Any part of river falls under rapid zone if the river bed has a relatively steep gradient

which causes increase in velocity and turbulence. Thus rapid zone characterization

is important as it indicates whether navigation will be safe or not. The slopes of this

river indicate that the study stretch does not fall under rapid zone.

Due to the topography of Western Ghats, rivers flowing in this region do not have the

capacity to flood the banks or nearby areas. During reconnaissance survey this fact

was checked and found that the discharge of River Kundalika is influenced by tide.

Geomorphology

According to the classification of the waterway from class I to class VII, the maximum

width required and maximum depth required have been considered as 100 m and

2.75 m for two way navigation. Keeping aside the FSR stage recommendation and

keeping in view the recent Administrative circulation etc., the present analysis has

been relooked with the possibilities for 100 m width and 2.75 m depth for Class VII

and also being considered with the stake holder’s requirement, if any.

Kundalika River (Ch 0.00 km - Ch 10.00 km)

The satellite image for the stretch of first 10 km for four time periods have been placed

(March, 2004, June, 2010, March, 2013 and October, 2016).

FIGURE 2.2: River stretch from Ch 0.00km to 5.00km in March, 2004 (Source: Google Earth)
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FIGURE 2.3 : River stretch from Ch 0.00km to 5.00km in March, 2004 (Source: Google Earth)

FIGURE 2.4 : River stretch from Ch 0.00km to 5.00km in June, 2010 (Source: Google Earth)
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FIGURE 2.5 : River stretch from Ch 0.00km to 5.00km in March, 2013 (Source: Google Earth)

FIGURE 2.6 : River stretch from Ch 0.00km to 5.00km in November, 2016 (Source: Google Earth)
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FIGURE 2.7 : River stretch from Ch 6.00km to 10.00km in March, 2004 (Source: Google Earth)

FIGURE 2.8 : River stretch from Ch 6.00km to 10.00km in June, 2010 (Source: Google Earth)
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FIGURE 2.9 : River stretch from Ch 6.00km to 10.00km in March, 2013 (Source: Google Earth)

    FIGURE 2.10 : River stretch from Ch 6.00km to 10.00km in November, 2016 (Source: Google Earth)
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Prominent effect of accretion is noticed on the left bank up to Ch 5.00 km in June, 2010

which may have affected the depth of water. Comparing all the figures, it can be seen

the right river bank near Ch 0.00 km has been eroded with time.

One tributary joins the right river bank between Ch 4.00 km and Ch 5.00 km and few

smaller streams join both banks up to Ch 4.00 km.

One big shoal near the left bank is present between Ch 8.00 km and Ch 10.00 km.

From all the figures, it is seen that there is negligible migration of the settlement of soil.

It does not affect the waterway route.

A bridge in all the figures is noted between Ch 0.00 km and Ch 1.00 km.

Kundalika River (Ch 11.00 km - Ch 20.00 km)

The satellite image for the stretch of next 10 km for four time periods has been placed

(March, 2004, June, 2010, March, 2013 and October, 2016).

FIGURE 2.11 : River stretch from Ch 11.00km to 20.00km in March, 2004 (Source: Google Earth)
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FIGURE 2.12 : River stretch from Ch 11.00km to 20.00km in June, 2010 (Source: Google Earth)

 FIGURE 2.13: River stretch from Ch 11.00km to 20.00km in March, 2013 (Source: Google Earth)
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FIGURE 2.14 : River stretch from Ch 11.00km to 20.00km in October, 2016 (Source: Google Earth)

FIGURE 2.15 : River stretch near Ch 15.00km in

March, 2004(Source: Google Earth)

FIGURE 2.16 : : River stretch near Ch 15.00km in June,

2010 (Source: Google Earth)

FIGURE 2.17 :  River stretch near Ch 15.00km in

March, 2013 (Source: Google Earth)

FIGURE 2.18 :River stretch near Ch 15.00km in
November, 2016 (Source: Google Earth)
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From the images of March 2004, June 2010, March 2013 and October 2016, it is

observed that there is some change in the left river bank near Ch 12.00 km where a

tributary joins the river. Another tributary joins the river at the left bank between Ch

14.00 km and Ch 15.00 km.

The river passes a bend with narrow strip at Ch 15.00 km. No significant variation is

observed.

The right bank of the river changes in a minor way between Ch 18.00 km and Ch 19.00

km suggesting erosion.

There are two shoals present near Ch 15.00 km, one big and the other comparatively

smaller. Comparing all the images, it is observed that the settlement of soil was bigger

in size in 2004. However in 2010 and 2013 some portions of the landmass seem to be

submerged. But from the image of 2016, it is seen that the settlement of soil re-emerged

but still remain smaller in size in comparison to that in 2004. The settlement is covered

with mangroves.  Dredging of some portions of the settlement, i.e. approximately 63

cu.m, may be required for undisturbed route of waterway.

Kundalika River (Ch 21.00 km - Ch 30.736 km)

The satellite image for the stretch of last 10 km for four time periods has been (March,

2004, June, 2010, March, 2013 and October, 2016).

FIGURE 2.19 : River stretch from Ch 21.00km to 25.00km in March, 2004 (Source: Google Earth)
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  FIGURE 2.20 : River stretch from Ch 21.00km to 25.00km in June, 2010 (Source: Google Earth)

FIGURE 2.21 : River stretch from Ch 21.00km to 25.00km in March, 2013 (Source: Google Earth)
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FIGURE 2.22 : River stretch from Ch 21.00km to 25.00km in November, 2016 (Source: Google Earth)

FIGURE 2.23 : River stretch from Ch 26.00km to 30.73km in March, 2004 (Source: Google Earth)
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alFIGURE 2.24 : River stretch from Ch 26.00km to 30.73km in June, 2010 (Source: Google Earth)

FIGURE 2.25 : River stretch from Ch 26.00km to 30.73km in March, 2013 (Source: Google Earth)
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              FIGURE 2.26 : River stretch from Ch 26.00km to 30.73km in November, 2016 (Source: Google Earth)

FIGURE 2.27 : River stretch near Ch 21.00km in
March, 2004 (Source: Google Earth)

FIGURE 2.28 : River stretch near Ch 21.00km in June,
2010 (Source: Google Earth)

FIGURE 2.29 : River stretch near Ch 21.00km in
March, 2013 (Source: Google Earth)

FIGURE 2.30 : River stretch near Ch 21.00km in
November, 2016(Source: Google Earth)




































































































































































































































































































































































































































































































































































































































