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SALIENT FEATURES

# | Particulars Details
... CHAPORARIVER (NW-25)
AGENERAL
1 Location
~a Cluster Cluster-7.
b Statet<s) Goa
¢ | Co-ordinates& Name of Place ~~~ Stat | End
| Place ChaporaJetty | . Alrona Fort
| Latitude ] 15°36'31.2547"N | 15°41'58.83"N
. Longitude 73°44'06.5695E | 73°54'15.27°E

1 Waterway
_a  National Waterway Number ' NW-25
b Cass . WNV(ptpCh1340km
¢ Type (Tidal/Non-Tidal) ~ FulyTidal .
. length(Kmy) .~ Total Tidal | Non-Tidal
___________________________________________________________ 25.00km | 25.00km | Nl
d | Average Tidal Variation, if 2.017m
applicable Chainage (km) Tidal Variation (m)
_______________ 00 195
______________ 13422 20
____________________________________________________________ 2043 | 2060
e ChartDatum
Description/Basis COLVALE Bridge PIRNA Bridge
15°38'56.89" N 15°41'0.0" N
____________________________________________________________ 73°5008.3¢"E | 73°B5280.18"E
______ Value (from Zeroof Gauge) ~ -01ldm* | -0204m*

__________________________________________________ Stretch-1 | Stretch-2  Stretch-3 |~ Total
__________ Stretch (From.....To......) | 07900 7 900-17.00 | 17002500 '
| LengthwithLAD<12m | 140 = 000 08 220
______ with LAD fom1.2-144m 000 000 | 000 000
______ with LAD from 1.5-1.7m 07 | 02 03 = 125
______ with LAD from1.8-20m 120 040 | 020 180
______ Wwith LAD>20m 565 | 740 670 | 1975
Grand 25.00
_________________________________________________________________________________________ Total |
g Target Depth of Proposed 2.00m

__________________ Fairway (m)
_h | Conservancy Works Required
_________________ TypeofWork ~  0-10 10-20 = 20-25 ' Total
| Dredging Required (M. Cum.) | 12682097 | 5121.29 | 40910.66 | 172852.92
S .. Az —— - G
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P.010257-W-10305-001

River Training/Bank Protection

(m.)

Rev. 01

# | Particulars Details
Bandalling Nil Nil Nil Nil
Barrages & Locks Nil Nil Nil Nil

1000 m at 2 locations

A length of 500 m is suggested at locations of Ch. 7.25 km and
Ch. 9.10 km.

i) | Existing Cross Structures
Name of Structure Type Nos. Range of Range of
Horizontal Vertical
Clearance Clearance w.r.t.
HFL/MHWS
Dams/Barrages/Weirs/Aqueduct Nil Nil Nil Nil
s etc.
Bridges Road/Rail 5 20m to 70m 5.90m to 8.10m
HT/Tele-communication lines HT Lines 2 220m-260m 10.98m-18.94m
Pipelines, underwater cables, Nil Nil Nil Nil
etc.
2 | Traffic
a | Present IWT Operations (type | No existing cargo movement found.
of services)
b | Major industries in  the | No major industries or mines found in the catchment area of
hinterland (i.e. within 25 km. on | the river
either side)
¢ | Connectivity of major industries = Major roads - NH 66 is major highway crossing Chapora river
W|th Ra”/Road netWOfk near Revora Vi”age_
(Distances/Nearest Railway ) ) i o i )
Stations etc.) Major railway — Konkan railway line is the only line crossing
Chapora river. Pernem & Thivim are the two nearby railway
stations
d | Commodities n/a
3 | Terminals/Jetties
a | Terminal/Jetty - 1 RO-RO
Location (Bank/city/district) 15°38'59.81"N & 73°50'10.95"E near Panvel-Edapally NH-66
on the right bank (village Shirghalim/ Bardez taluka)
Type/Services Tourism / Ro-Ro mobility
Facilities -
Approach Small foot path is available. Road is to be developed.
Land Ownership
Area (ha.) Govt. Private
NIL 3.3
4 | Design Vessel
a | Type Ro-Ro vessel
b | No. & Size I1N0o528m-5m([L)x14mW)x1.8m/25+m
C | Loaded Draft 1.80m
d | Capacity 21 TEU
e L G 44—
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# | Particulars Details

a Type | Beaconand Llights/Buoyand Lights
biNos. ] 5/3%
b | Communication Facilities -NIL-

a | Capital Cost With Development Without
O N Development
Fairway Fairway Ro-Ro Whole Fairway
... | (Phasel) (Phase2) Terminal  project =
Cost (INR) 6.29 cr 23.25cr 24.45 cr 54 cr 6.29 cr
b | O &M Cost 0.16 cr 2.89 cr 0.33cr 0.27 ct

ca ForWAL
b | ForOperator T
3 | Financial Internal Rate of With Development Without
Return(%) Development
Fairway Fairway Ro-Ro Whole Fairway
______________________________________________ (Phase 1) | (Phase2) = Terminal & project | .
a For IWAI Non- Non- Non- Non- Non-existent
________________________________________________ existent | existent | existent | existent |
b Operator T
4 | Economic Internal Rate of With Development Without
Return(%) Development
Fairway Fairway Ro-Ro Whole Fairway
(Phase 1) | (Phase?2) | Terminal | project | .
-3% Non- -14% -14% -1%
existent

5 | Any other Important Feature

[ D — G @ e
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EXECUTIVE SUMMARY

Chapora River is one of the waterways declared as National Waterway in March, 2016 as NW
25. Chapora River emerges at Ramghat at Maneri in the Indian state of Maharashtra and enters
Goa. The Chapora River follows zigzag course, demarcates the border of Pernem, Bardez and
Bicholim talukas for approximately 21 kilometers. It flows westward and joins in to the Arabian
Sea near Chapora in the northern most part of Goa. The total catchment area of Chapora River

basin is 530 Sq. Km The catchment receives an average annual rainfall of about 3578mm.

The stretch of Chapora River for 33 Kms starting from the confluence with Arabian Sea at
Morjim Lat 15° 36' 33.27" N, Long 73° 44' 0.93" E to Bridge at State Highway 124 near Maneri
Village at Lat 15° 42' 47.31" N, Long 73° 57' 23.38" E has been proposed for undertaking 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 25 kms from
starting point Lat 15° 36' 31.2547" N, Long 73° 44' 06.5695" 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.

Based on the Hydrographic Survey inputs and other site data collected, it has been noticed that 5
Nos of Bridges are located with the least vertical clearance of 5.9 m w.r.t. MHWS at Ch. 16.49
Km. The Bridge at Ch. 3.90 Km is having sufficient Navigational clearances. (45 m HC — 7.3 m
VC). Keeping in view the connectivity and close proximity, a Terminal location has been
considered at the Downstream (Right Side) of the Bridge at Ch 13.44 km and the other three
Bridges are located up stream i.e., at Ch. 16.49; 17.06 and 21.6. Two Nos of HT Lines are
crossing the study area, which are having sufficient navigational clearances. No pipe line is
crossing the study area. No Dams / Barrages / Locks / Weirs / Anicuts / Aqueducts are located.
10 Nos. Of Bend locations have been identified in the study stretch, with 350 m as lowest at
Ch. 14 km.
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Existing study stretch of Chapora River is being used scarcely for Tourism mobility. However, lot
of studies established the scope for Tourist mobility within a short span of time and in this context,
Captain of Ports, Goa is considering investments in line with the requirements of Goa Tourism
Development Corporation on jetties / other infrastructure. The Tourism volumes have been
projected at 0.50 Lakhs Nos. in FY 20 and estimated to grow to an extent of 2.27 Lakhs Nos. If
IWAI facilitate the low profile Ro-Ro operation for the small Buses / MUVSs, there is a scope of
enhancing the scale to cargo mobility, in the long run. This scale of operation may also attract to
a full pledged Ro-Ro operation between the IWAI proposed Terminal and the Mormugoa Port /
other Non-major ports in the vicinity, wherein the facility at the other end will be developed by the
concerned to have the interconnectivity. However, as a part of suggestion / recommendation for
the development of Chapora River, no recommendation is proposed. The low profile Phase 1
development is suggested and indicative Phase 2 requirements are projected with a limitation of

any development only up to Ch. 13.4 km beyond 2030.

The fairway requirements are being considered for analysis for its maximum / optimum utilization.
However, the present mobility is limited to Tourism traffic and keeping in view the long term
interest with expected Ro-Ro cargo mobility, the mobility of class IV vessel is being considered.
Accordingly, the stretch up to Ch. 13.4 km is proposed for the development in Phase 2 as Class
IV for Ro-Ro mobility with 21 TEUs. The vessel requirement is 52.8 m — 55 m (Length) x 14 m
(Breadth) x 1.8 m / 2.5 m+ (Draft / Depth). Accordingly, the fairway requirement is 50 m (Bottom
Width) x 2.0 m (Depth) with Bend Radius of 800m. Clearance corridor of 50 m Horizontal
Clearance (HC) and 8 m Vertical Clearance (VC) is the requirement specified at Cross structures

for safe passage of Vessel.

The fairway size and dredging quantities are placed below for Class IV waterway for the study

stretch of Chapora.

Class-IV

70.0m

<— 10.0m —>

1:5 2.0m

A

v

50m
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Observed Reduced w. r. t. Sounding Datum

Chainage Observed | Length | Dredging Reduced Length Dredging

(km) depth (m) of guantity depth (m) of guantity
Shoal (cu.m.) Shoal (cu.m.)
From| To  Max. Min. (m) Perkm | Max. Min. (m) Per km drg
drg
0.0 5.00 6.4 0.1 2100 56318.82
5.00 | 10.00 8.5 -0.3 1550 70502.15
10.00 H 13.40 7.4 14 400 5121.29
TIDAL ZONE
13.40  15.00 149 | 2.0 0 0
15.00  20.00 148 | 2.1 0 0
20.00 | 25.00 11.2 | -0.2 1300 40910.66

Total 5350 172852.92

Accordingly, the shoal length is of 4,050 m (up to Ch. 13.4 kn) and the respective Dredging
guantity has been taken into consideration for 1.32 Lakhs Cu. M and the estimated quantity has
been taken as 1.70 Lakhs Cu. M, duly considering addition for variation. In order to provide a
safe navigable fairway, as a Phase 2 development, Dredging of about 1.70 Lakhs Cu. M of
ordinary soils; Bank Protection (2 Nos of 500 m each); Beacon / Lights (5 Nos-Phase 1); Buoy /
Lights (35 Nos); Institutional Requirements (Phase 1) etc., have been worked out. The Bend

locations will be tackled with Bank Protection, as above.

The Terminal requirement has been considered with 1 Roll-on Roll-off (Ro-Ro) IWT Terminal in
Phase 2. Taking into the consideration of the origin and destination and fairway, the most
probable location identified is at Ch 13.40 km, on the Right side of the river with approx Lat 15°
38 59.81"N and Long 73°50'10.95”E, which is just downstream of the NH Bridge at Ch 13.44 km.
A tentative Land requirement has been worked out and arrived at with 22,550 Sg. M and the Land
Survey was considered accordingly. Land Details of the location has been firmed up and the
same is in the Shirghalin Village; Bardez Taluka; North Goa District of Goa state. Geotechnical
Investigations have been completed in the vicinity. The results have already been presented in

Volume IV.

The proposed Ro-Ro Terminal has been considered with the following Berthing Structure.

SALIENT FEATURES OF BERTH STRUCTURE

Description Length(m) Width (m)
RO RO 135 16.6
TS GO — G $4eEGE

P.010257-W-10305-001 Rev. 01 24/386

This document is the property of Tractebel Engineering pvt. Itd. Any duplication or transmission to third parties is forbidden without prior written approval



Preliminary Designs have been worked out for Spurs; Bank Protection with Gabions; Navigational
Aids through Buoys (Polyethylene) and Lights (4 NM); Ro-Ro Jetty.

The following Vessel standard is suggested for a cautious deployment in Phase 2, as a long term

requirement.

Ro-Ro Vessel: (21 TEV) INR 900 Lakhs each
LOA 52.8 m to 55.00 m

Breadth 14.0m

Loaded Draft / Depth: 1.8m/25m+

Propulsion: Marine Diesel Engines of 3 x 375 Bhp
Speed (with Load): 20 Kmph (Av)

Note: Depth + is an indication for provision of increased depth for the vessel mobility as a
coaster.

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. In addition to the above, the project is not sustainable for any additional investment due to
the non-availability of any cargo mobility. Hence, a feasible system could not be recommended at

this point of time. However, RIS has been worked out and placed, which are only indicative.

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 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
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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 (2 engines of 175 Bhp each) fitted with Survey Instruments;
Related Software; Laptop; 2 Nos. Tug — cum — Buoy Maintenance vessels and 2 Nos. Speed

Boats etc.

The cost estimates have been worked out and segregated into Phase 1 with a capital cost of 6.29
Cr. Phase 2 Fairway at a cost of 23.25 followed with Ro-Ro jetty at a capital cost of 24.45 Cr.
Implementation of phase 1 is 12 months ending 2020 and phase 2 is 36 months commencing
2030.

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

With Development LI With
. Development Development
Parameter Unit Ro-RO
: " . - : .
Fairway Fairway Terminal Fairway Whole Project
Project Cost INR Cr. 6.29 23.25 24.45 6.29 54.0
Revenue (FY40) | INR Cr. | 0.09 (Fy’'30) 0.54 0.22 0.35 0.7
FIRR % Non-existent | Non-existent Non-existent Non-existent Non-existent
EIRR % -3% Non-existent -14% -1% -14%

Note: *Promotional Period, **Official Period

Not recommended any investment till the confirmations of the traffic (either Tourism or Ro-Ro
Cargo) except a nominal infra creation at a cost of INR 6.29 Cr. If there is no much change till FY

30, no investment / development is suggested / recommended.

[ D — G @ e
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CHAPTER 1: INTRODUCTION

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 27" 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

Bhubaneshwar (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 VIl are detailed
herewith.

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

Sl. No. | Name of Rivers/ Creeks National Water Length(km) State
Way (NW)

1. Amba River NW-10 44971 Maharashtra
2. Dabhol Creek/ Vashishti River NW-28 45.228 Maharashtra
3. Kalyan-Thane-Mumbai waterway, Vasai NW-53 145 Maharashtra

creek and Ulhas River
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
8. Chapora River NW-25 25 Goa
O G 00909092 CEE— L
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Sl. No. | Name of Rivers/ Creeks National Water Length(km) State

Way (NW)
9. Mapusa / Moide River NW-71 26.638 Goa
10. Sal River NW-88 14 Goa
Total 460.043

Waterways restricted to Stage | study.

Accordingly, the Stage Il study for the River Chapora (NW 25) is under

consideration in the present DPR.

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.

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.

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.
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1.2.3.

1.2.4.

1.2.5.

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.
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.

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.

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 |
report and at this juncture, it is prudent to mention the sequential and systematic
approach to the project. Accordingly, a flow diagram has been placed at Annexure
1.2, which is self-explanatory and by following the activities as specified, the project

report will be in complete shape.
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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 Il 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 Il study

SI. No. NW-No. / Name of the Defined Limits
Waterway
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 / 45.228 kms from starting point Lat 17°34'31.1762" N, Long
VASHISHTI RIVER 73°09'09.5984" E.
3. NW-85 / REVADANDA 30.736 kms from starting point Lat 18°32'16.7857” N, Long
CREEK / KUNDALIKA 72°55'33.4735" E.
RIVER
4. NW-89 / SAVITRI RIVER 45.47 kms from starting point Lat 17°58'47.2472" N, Long
(BANKOT CREEK) 73°02'15.0195” E.

Cluster 7 (Goa)

1. NW-25/ CHAPORA RIVER
2. NW-71/ MAPUSA / MOIDE
RIVER

25 kms from starting point Lat 15°36'31.2547” N, Long
73°44°06.5695” E.

26.638 kms from starting point Lat 15°30'22.0887” N, Long
73°50'36.2908" E.

The present study is about the Chapora River — NW 25 for a distance of 25.00 kms

from the Arabian Sea mouth to Upstream, in the state of Goa.

e —
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TABLE 1-3: Description of Chapora River (NW-25)

SI. No. | Introductory Consideration

Description of the River

1. Name of the river / canal

2. State/ District through which river

passes

3. Length of the river / canal

4. Map

5. River Course

Chapora River (NW-25)

Chapora River demarcates the border of Pernem, Bardez
and Bicholim talukas in Goa

Out of the total 65km length, 25km length of the Chapora
River starts from Arabian Sea at Morjim Lat 15°36'33.27"N,
Long 73°44°'0.93"E to near Madhlawada Lat 15°42'00.08"N,
Long 73°54'13.70"E has been declared as new national
waterway.

The index map of Chapora River showing proposed
waterway stretch, topographic features and road networks is
shown in Figurel.1. The study stretch of the Chapora River
for the Detailed Project Report (DPR) is presented in
Volume-Il Drawing No. P. 010257-W-20301-A01 (Sheet — 1
to 4).

Characteristic of River

6. Tributaries / Network of Rivers / Basin

7. Catchment Area

P.010257-W-10305-001

Rev. 01

Chapora River emerges at Ramghat at Maneri in the Indian
state of Maharashtra and enters Goa. The Chapora River
follows zigzag course, demarcates the border of Pernem,
Bardez and Bicholim talukas for approximately 21 kilometers.
It flows westward and joins in to the Arabian Sea near
Chapora in the northern most part of Goa. The total
catchment area of Chapora River basin is 530 Sq. Km The
catchment receives an average annual rainfall of about
3578mm. The total length of the river from origin to its outfall
in the Arabian Sea is about 65.0km. Chapora River has a
relatively small catchment area and its tributaries are small
feeder streams and canals. The Chapora river divides the
Northern Goa towns of Pernem and Bardez

No Major tributaries

The total catchment area of Chapora River basin is 530 Sq.
Km.
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CHAPTER 2: WATERWAY / DETAILED

2.1.

2.1.1.

HYDROGRAPHIC SURVEY

Hydrographic Survey

Hydrographic surveyis 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, harbors etc.), determination of bed depth of water bodies, by

soundings (for navigation, location of rocks, sand bars, navigation light).

Waterway in General and Hydro-morphological Characteristics

Waterway in General

Chapora River originates at Ramghat at Maneri in the Indian state of Maharashtra,
enters into Goa and it finally drains into the Arabian Sea. The river traverses for
about 33 km in Maharashtra and 32 km in Goa. The present study is for 25 kms

from the confluence with the sea as 0.00 km.

The Chapora River is bounded by lIbrampur, Maneri, Kumyamal and Salem in the
upper stretch, Ozorim, Dargalim, Nadora, Revora and Bardez in the middle stretch
and Morjim, Agarvado, Pernem, Chikhli, Siolim and Chapora in the lower stretch. In
the present study stretch, the Chapora River follows a zigzag course and
demarcates the border of Pernem, Bardez and Bicholim talukas for approximately

21 kilometers.

Throughout the course it flows westward and joins in to the Arabian Sea near
Chapora in the northern most part of Goa. The river Chapora forms an integral part
of life in Goa due to its irrigation facilities along with coastal resources and

transportation of mining ores.

G @ e
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FIGURE 2.1: Catchment Area Map of Chapora River (Source: Google Earth)

The total catchment area of Chapora River basin is 530 sq. km. The catchment
receives an average annual rainfall of about 3578mm. The total length of the river
from origin to its outfall in the Arabian Sea is about 65.0km. Chapora River has a
relatively small catchment area and its tributaries are small feeder streams and

canals. The Chapora River divides the Northern Goa towns of Pernem and Bardez.

A map showing Chapora catchment basin is shown in above figure. 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.

Hydro morphology of the study area

Due to maritime influence, the diurnal range of temperature during the day is not
large. The diurnal range is the least being 4 to 6°C during monsoon season and
increases to the maximum of 10 to 20° C during December & January. May is the
hottest month where the mean daily temperature increases to 30°C. January is the
coolest with mean daily temperature of about 23°C. It is noted that the day
temperature is the lowest in monsoon months of July and August and not in the

cool winter months of December and January.
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Due to proximity to the Arabian Sea, humidity throughout the year is more than 60%
with range from 80 to 90% during monsoon period. Over 90% of annual rainfall
occurs during monsoon months of June to September. About 32% of the annual

rainfall is received during July. The average annual rainfall of Goa is 3005 mm.

Soils of north Goa can be classified into 3 types namely (i) Laterite soil (ii) Saline
soil and (iii) Alluvial soil. Saline soil occurs in the flood plains of Pernem and Bardez

which are demarcated by the river Chapora.

The soil texture of the river bed has been observed that sandy sail is present in the
most parts of the river under study stretch. Rocky patches (Pebbles) in the upper

most stretch beyond the study area are observed i.e. beyond Ch 30.00 km.

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 has been

noted that there is no considerable braiding in this river course.

The river slope remains flatten between Ch 0.00 km and Ch 10.00 km, from
Chapora to Chikhli. However the slope becomes steeper from Chikhli towards
Nadora with slope value 1 in 3333 m between Ch 10.00 km and Ch 20.00 km. Then
the river slope further steepens from Nadora to Dumacem between Ch 20.00 km
and Ch 25.00 km with slope 1 in 2500 m. Thus the velocity is greater at the last five

kilometer compared to the stretch between Nadora and Chapora.

Any part of river falls under rapid zone, i.e. having relatively steep gradient in the
river bed may cause 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 Chapora is influenced by
tide.
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Geomorphology

According to the classification of the waterway from class | to class VI, the
maximum width required and maximum depth required have been given as 100 m
and 2.75 m for two way navigation. Though the river Chapora was classified as
class Il upto Ch 16.49km and form Ch 16.50km to Ch 25.00km as Class Il at the
FSR stage, the present analysis has been relooked with the possibilities for
improved Class of Waterway.

Chapora 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 (December, 2003, January, 2008, December, 2011 and January, 2017).
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FIGURE 2.2 : River stretch from Ch 0.00km to 10.00km in December, 2003 (Source: Google Earth)
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FIGURE 2.4 : River stretch from Ch 0.00km to 10.00km in December, 2011 (Source: Google Earth)
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FIGURE 2.5 : River stretch from Ch 0.00km to 10.00km in January, 2017 (Source: Google Earth)

The water depth is observed to become shallow with time near the mouth of the river
on the left side between Ch 1.00 km and Ch 2.00 km. From Figure 2.1(December,
2003), it can be seen that the water has sufficient depth. However minor accretion is
observed during January, 2008 (Figure 2.2). Prominent effect of accretion can be
noted from figures 2.3, i.e., May, 2011.

Comparing from all the four figures, slight change in the right bank on Ch 0.00 km is
seen. Similarly little change between Ch. 2.00 km and Ch. 3.00 km on the left bank is
seen which is slightly narrowing the river width.

A bridge in all the figures is noted at Ch 3.00 km. Two big shoals of widths 115m and
160m (approx.) are observed near the south (left) bank of the river at Ch 5.00 km.
The relative positions of the shoals were found to be almost same in December 2003,
January 2008, December 2011 and January, 2017. The migration of settlement of soil
can be considered negligible and it can be further seen that they do not affect the
route of the proposed waterway which has sufficient width.

A tributary joins the river between Ch. 7.00 km and Ch 8.00 km on the right bank.

In all the below four figures it has been noted that the river flow passes through a
narrow strip with bend from left to right near Ch 9.00 km. No significant variation
observed.

Chapora 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
(December, 2003, January, 2008, December, 2011 and January, 2017).
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FIGURE 2.7 : River stretch from Ch 11.00km to 20.00km in January, 2008 (Source: Google Earth)
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FIGURE 2.9 : River stretch from Ch 11.00km to 20.00km in January, 2017 (Source: Google Earth)
A shoal of width 230m (approx.) is observed near the right bank of the river between
Ch10.00 km and Ch 11.00 km. The relative position of the soil settlement from
December, 2003 and January, 2017 show negligible movement. Similarly two shoals
are present near the left bank of the river between Ch. 12.00 km and Ch 13.00 km
which are observed to be present at the same position from 2003 to 2017. Thus with
sufficient width for waterway and no migration of the settlement, the route for
waterway can be concluded to be undisturbed. A tributary is joining on the right
(north) bank between Ch 11.00 km and Ch 12.00 km.
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A sharp bend is seen between Ch 13.00 km and Ch 15.00 km of radius 350 m.
However with sufficient river width and clearance, the proposed route can be
adopted. To obtain smoother bend the proposed route could be shifted towards left
bank.

An island with varying width of 50m to 150m is observed near the left bank of the
river between Ch. 17.00 km and Ch 18.00 km. The island is connected to the
hinterland with a bridge in left side. The presence of island on the particular position
does not hinder the waterway route. Another bridge is noted connecting the two
banks at Ch17.00 km.

Chapora River (Ch 21.00 km - Ch 25.00 km)

The satellite image for the stretch of last 5 km for four time periods has been
(December, 2003, January, 2010, December, 2013 and January, 2017).
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FIGURE 2.10 : River stretch from Ch 21.00km to 25.00km in December, 2003 (Source: Google Earth)
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FIGURE 2.11 : River stretch from Ch 21.00km to 25.00km in January, 2010 (Source: Google Earth)
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FIGURE 2.12 : River stretch from Ch 21.00km to 25.00km in December, 2013 (Source: Google Earth)
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FIGURE 2.13 : River stretch from Ch 21.00km to 25.00km in January, 2017 (Source: Google Earth)

Two shoals are present on either side of the waterway after Ch 25.00 km. The length
of the proposed waterway has been reduced to 25.00 km. Since the settlement of soil
do not show any migration in the d/s direction from December, 2003 to January,
2017, it can be assumed that these will not affect the waterway up to 25.00 km.
However if the waterway is considered for any extension in future, these shoals must

be considered.

Conclusion

From Ch 0.00 km to Ch 25.00 km, a total of five shoals were present which were
found to be immobile in duration of recent five years, i.e., December, 2011 to
January, 2017. Therefore no dredging is required. One tributary is found between Ch
10.00 km and Ch 12.00 km. An island is located at Ch 17.00 km. There will be bend
dredging required at Ch 14.00 km for smooth and hindrance free navigation.

Taming of the river, if necessary, will be considered even in the upstream of the
stretch by channelizing the flow through a single channel from Ch 26.5 km (though it
is out the study stretch).

P.010257-W-10305-001 Rev. 01 44/386 RESTRICTED

This document is the property of Tractebel Engineering pvt. Itd. Any duplication or transmission to third parties is forbidden without prior written approval



2.1.2. Existing Hydrological / Topographical Reference levels

TABLE 2-1: Accepted Station coordinates (WGS-84)

Station Chainage Latitude (N) Easting (m) Height Height above
(Km) Longitude (E) Northing (m) above CD (m)
MSL (m)

15°36'29.4921"N 364774.108 E

CHA-1 0.300 2.452 3.752
73°44'19.0452"E 1725997.111 N
15°38'56.2873"N 375118.60 E

CHA-2 13.281 2.755 3.804
73°50'05.5457"E 1730449.42 N
15°41'01.1077"N 380306.257 E

CHA-3 21.085 3.071 3.538

73°52'59.0886"E 1734257.425 N

TABLE 2-2: Details of Chart Datum used for Data Reduction

SI.No. Location Latitude Longitude Zo*(m)

1 Marmagao 15°25’00"N 73°48'00"E -1.30

*below Mean Sea Level

Note: - A square engraved TBM on the North-West corner of the fisheries jetty at

Chapora. The value of TBM is 3.735m above chart datum.

2.1.3. Chart Datum / Sounding Datum

The water depths have been determined as a result of short period observations at
both an established gauge (where the chart datum is known) and new gauge
(where the chart 2 datum has been established) in the area. The four consecutive
low waters and the three intervening high waters have been recorded during spring
tide, when the range of differences between high and low waters was the greatest.
The locations with coordinates of established gauge and new gauge that have been

used to reduce the soundings along the surveyed stretch are tabulated below.
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TABLE 2-3: Details of Chart Datum Used for Data Reduction

Transfer of Sounding Datum H- 533

For Semi - Diurnal Tides

Date and Time of 1st LW Observation at Established Guage = 28.12.2016, 16.00 hrs

Lat 15°36’31.54" N Lat 15°38'56.89” N
E;Z‘gl‘i’s”hgg Long 73°44'19.18" E Esczzitt)ilgsnhgg Long 73°50'05.36"E
Guage Name CHAPORA JETTY Guage Name COLVALE Bridge
At Established Guage @ Ch. 0.300 km At New Guage @ Ch. 13.422 km
Height Above CD Contribution for Height Above CD Contribution for
I\%. HW Lw Factor HW Lw HW Lw Factor HW Lw
a 0.132 X 1 0.13 0.100 X 1 0.10
b 2.012 X 1| 201 2.080 X 1| 2.08
c 0.922 X 3 2.77 0.850 X 3 2.55
d 1.687 X 2| 337 1.675 X 2] 335
e 0.137 X 3 0.41 0.045 X 3 0.14
f 2.087 X 1| 209 2.005 X 1 | 2.005
g 0.967 X 1 0.97 0.835 X 1 0.84
Sum of Contribution 7.47 4.28 Sum of Contribution 7.435 3.62
Observed M. HW. 1.87 Observed M.H.W. 1.859
Observed M.L.W. 0.53 Observed M.L.W. 0.45
Note : Observed MHW = Sum of Contribution of HW / 4
Observed MLW = Sum of Contribution of LW / 8
Observed Mean Range = R _ 133 Observed Mean Range =r _ 140625
R=MHW.-M.LW. r=MHW.-M.LW.
Observed Mean Level = M' Observed Mean Level = m'
= 1.20 = 1.15563
M = (M.HW +M.LW.)/2 M' = (M.HW. +M.LW.)/2
Note : Observed Mean Range = Observed M. H.W. -Observed M.L.W.
Observed Mean Level = (Observed MHW + Observed MLW) /2
Calculation of Sounding Datum (d) at New Guage
(A) Where 'True Spring M.L (M)" at (B) Where 'True Spring M.L (M)" at
Established gauge is known Established gauge is not known
From A.T.T ( Table V of Part Il)
MHWS =
MLWS =
True Spring M.L. (M) = 0.00
Note : True Spring M.L. (M) = (MHWS + MLWS)/2
SD = m' (M-M) - M*(r/R) SD = m'-((M*r)/R)
SD = 0.00 m above/below of Zero of Guage SD=  -0.111 m below of Zero of Gauge
O [ . CEEs— L
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TABLE 2-4: Details of Chart Datum Used for Data Reduction

Transfer of Sounding Datum H- 533

For Semi - Diurnal Tides

Date and Time of 1st LW Observation at Established Guage = 1.12.2016, 18.45hrs

Lat 15°36’31.54" N Lat 15°41°0.0” N
g;zitt)il‘i’snhgg Long 73°44'19.18" E Esﬁzgzgnhgg Long 73°52'50.15" E
Guage Name CHAPORA JETTY Guage Name PIRNA Bridge
At Established Guage @Ch. 0.300km At New Guage@Ch. 20.436 km
Height Above CD Contribution for Height Above CD Contribution for
I\%. HW Lw Factor HW Lw HW Lw Factor HW Lw
a 0.132 X 1 0.13 0.019 X 1 0.02
b 2.012 X 1| 201 2.060 X 1| 2.06
c 0.922 X 3 2.77 0.740 X 3 2.22
d 1.687 X 2| 337 1.570 X 2| 314
e 0.137 X 3 0.41 0.000 X 3 0.00
f 2.087 X 1| 2.09 2.060 X 1| 2.06
g 0.967 X 1 0.97 0.750 X 1 0.75
Sum of Contribution 7.47 4.28 Sum of Contribution 7.26 2.99
Observed M. HW. 1.87 Observed M.H.W. 1.815
Observed M.L.W. 0.53 Observed M.L.W. 0.37
Note : Observed MHW = Sum of Contribution of HW / 4
Observed MLW = Sum of Contribution of LW / 8
Observed Mean Range = R _ 133 Observed Mean Range =r _ 1.44138
R=MHW.-M.LW. r=MHW.-M.LW.
Observed Mean Level = M' Observed Mean Level = m'
= 1.20 = 1.09431
M' = (M.HW +M.LW.)/2 m' = (M.HW.+M.LW.)/2
Note : Observed Mean Range = Observed M. H.W. -Observed M.L.W.
Observed Mean Level = (Observed MHW + Observed MLW) /2
Calculation of Sounding Datum (d) at New Guage
(A) Where 'True Spring M.L (M)" at (B) Where 'True Spring M.L (M)" at
Established gauge is known Established gauge is not known
From A.T.T ( Table V of Part I)
MHWS =
MLWS =
True Spring M.L. (M) = 0.00
Note : True Spring M.L. (M) = (MHWS + MLWS)/2
SD = m' (M-M) - M*(r/R) SD = m'-((M*r)/R)
SD = 0.00 m above / below of Zero of Guage  SD = -0.204 m below of Zero of Gauge
B [ . CEEs— L
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2.2.

Existing Waterway Structures

2.2.1. Bridges
The details of Bridges crossing the Chapora River are given below in Table. Total five
numbers of Bridges are present in the study stretch.
The vertical clearance at the bridges fulfils the criteria for Class Il except at Ch
16.49km which fall under Class Il. Revora Foot Bridge at Ch 17.06km is located
across the right branch river flow, separated due to island and ignoring the waterway
bifurcated its vertical clearance has not been considered for analysis.
The horizontal clearance on the classification has been provisioned for two lane
navigation. With due caution considering the provision of single lane mobility under
the Railway Bridge at Ch 16.49km and Ch 13.44km (without any change in the
structure modification).
TABLE 2-5: Details of cross structures
k=) o | ~ )
Sl# < o Position (Lat Position S B Y~ & 9
® _ = S — 88> cE| Q& o
o= € 2 Long) (UTM) » s Q o~ - | a £=&
€ © ~ o <~ c —~ = o T S » © I =
S = = So¢c S £ £ @ 985 E ' T
o ==9 = - = a o2 ©=2 9gES
zZ3 =) h~=3 & < = - 228 o5 38238
o £ 598 38 > 5 S | 805 5= oc£B o
g5 £ ge® - 5 = 2 5E% 8L £°:%
o o < o= 4 z NG 3 E= © 5 <
~a o > =28 &=z E 25
n 2 m > K S
1 Road 3.9 RCC Chikli Left Bank: Left Bank: 600 12 10 45 7.3 Complete
Bridge
%9 15°38'08.95"N | 1729017.05N
73°45'33.92'E | 367021.83E
Right Bank Right Bank:
15°37'52.09"N
73°4535.63°E | 1728521.91N
367079.79E
2 Road 13.44 | RCC Colvale Left Bank: Left Bank: 265 7 6 30 8.1 Complete
Bridge
%9 15°40'07.24'N | 1732622.62N
73°50'29.12"E | 376428.04.E
Right Bank: Right Bank:
15°40'03.29"N | 1732501.00N
73°50'51.51"E | 376498.35E
3 Rail 16.49 | RCC | Dharglim Left Bank Left Bank 150 7 4 30 5.9 Complete
Bridge
%9 VP 15°40'7.32'N | 1732625.22N
73°50'49.12"E | 376428.22E
Right Bank Right Bank
15°40'3.31"N | 1732501.70N
73°50'51.51"E | 376498.31E
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h 2 m > K S
4 Foot 17.06 | RCC Revora Left Bank Left Bank 40 2 20 7.7 Complete
Bridge
g 15°40'12.29"N | 1732775.33N
73°51'07.33"E 376971.62E
15°40'10.99"N | 1732735.00N
73°51'07.67"E 376981.00E
5 Road 21.6 RCC Pirna- Left Bank: Left Bank: 150 12 2 70 8.0 Complete
Bridge Ozeri
15°41'01.21"N | 1734260.81N
73°52'58.43"E
380286.71E
Right Bank: Right Bank:
15°40'56.74"N | 1734122.83N
73°53'01.10"E 380365.32E
2.2.2. Electric Lines / Communication Lines
The details of Electric lines/ Communication lines crossing the Chapora River are
given below in Table. From the above information, waterway Ch 0.00km to Ch
13.47km, sufficient vertical clearance is available from HT line. Thereafter, Support
base of electric line at Ch 13.47km will have to be raised upto 6.0m to get the
required clearance.
TABLE 2-6: Details of High Tension Lines
.Sl | Type | Chainage Location Position (Lat Position Horizontal Vertical Remarks
No of (km) Long) (UTM) g clearance clearance (complete /
line o (clear w.r.t. HFL / under -
Left Bank Left Bank E distance MHWS (m) | construction)
Right Bank Right Bank z Between
piers) (m)
1 HTL 13.47 Bardez Left Bank: Left Bank: 2 260 10.98 Complete
15°39'00.11"N | 1730565.56N
73°50'13.47'E | 375335.07E
Right Bank: Right Bank:
15°38'52.54"N | 1730333.54N
73°50'10.16"E 375255.42E
2 HTL 16.33 Dhargalim Left Bank: Left Bank: 2 220 18.94 Complete
VP 15°40'06.19"N | 1732591.48N
73°50'43.15"E 376249.92E
Right Bank: Right Bank:
15°39'656.76"N | 1732301.13N
73°50'46.82"E 376357.85E
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2.2.3. Pipe Lines / Cables

There is no Pipe lines, under water cable present in the entire survey stretch of

Chapora River.
2.2.4. Dams/Barrages / Locks / Weirs / Anicuts / Aqueducts

There are no Dam, Barrages, Weirs, Anicut, and Locks etc. in Chapora River in the

entire survey stretch.

On the proposed waterway route, there are many bends in Chapora River, which
are given below in Table. The existing river bend radius is sufficient for class I.
River takes mild and sharp bends at various locations and needs smoothening of
bends. In the study stretch based on the river radius criteria it may be fit for Class Il
vessels with depth improvement at some locations. These bends might need some

smoothening for plying of vessels with class zone.

TABLE 2-7: River Bend Radius in Chapora River

Sr. No. Chainage (Km) Radius
1 3.50 1150.00
2 7.25 670.00
3 9.10 630.00
4 11.25 1340.00
5 14.00 350.00
6 15.75 360.00
7 19.20 700.00
8 21.40 350.00
9 22.25 410.00

10 24.00 380.00
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2.4.  Velocity and Discharge Details

The details of Velocity and Discharge in the Chapora River are given below in Table.

TABLE 2-8: Current meter deployment locations and discharge details

) g ' Discharge
S ] . Obs. | Velocit 9
< Y Latitude Northing N (m) y Avg. Vel.  X-Sectional
S > . Depth (Cu.m)
B 2 Longitude Easting E (m) () () (Misec.) | (m/sec.) | area(sq.m.)

& g 0.5D
<
o

1

15°38'57.5887"'N 1730525.00N
073°46'33.0755"E 368792.150E

15°39'11.9923"N 1730937.400N
073°49'32.9030"E 374149.280E

15°40'46.497"N 1733815.869N
73°52'11.969"E 378901.061E

The period of survey is December-January, which is a normal flow condition. As per
the statistics collected, the maximum velocity is 0.76 m/s at the gauging station at Ch
0.50km and discharge is 615.38 m?/s at the gauging station at Ch 13.20km.

2.5.  Waterway description

Chapora River (Ch 0.00km — Ch 9.00km)

~Sio

OV TS0 e mens o)
,Slﬁh\m%/

0'km 364388.02 m E‘17262k1_893 90 mN'g
Arabian Sea

FIGURE 2.14: Chapora River from Ch 0.00km to Ch 9.00km
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TABLE 2-9: Reduced depth from Ch 0.00km to Ch 9.00km

Chainage (km) Reduced w. r. to Sounding Datum

Reduced Depth (m) Length of Shoals | Dredging Qty Cumulative

(m) (cum) Dredging Qty (cum)

From To Max Min
0.00 1.00 5.8 0.7 500 12241.56 12241.56
1.00 2.00 2.3 11 900 7683.37 19924.93
2.00 3.00 6.4 2.0 0 0.00 19924.93
3.00 4.00 6.3 21 0 0.00 19924.93
4.00 5.00 4.5 0.1 700 36393.89 56318.82
5.00 6.00 21 -0.3 950 65940.07 122258.89
6.00 7.00 8.4 1.3 250 1695.24 123954.13
7.00 8.00 5.3 1.7 50 82.36 124036.49
8.00 9.00 8.5 3.3 0 0.00 124036.49

The maximum and minimum LAD for the above mentioned stretch are given in the
above table. Chapora jetty is located on the South (left) bank at Ch 0.32km.
Settlements are seen along both sides of the river along this section. A shallow patch
is found from Ch 0.60km upto Ch 2.00km. A delta is observed near the estuary of the
river (Lat. 15° 36’ 33.27” N, Long. 73° 44’ 00.93” E). Two wooden jetties are on the
North (right) bank at Ch 1.96km and Ch 2.34km. Fishing stakes from the middle of
the river to the South (left) bank are seen at Ch 3.20km. The Chopdem-Siolem Road
Bridge crosses the river at Ch 3.90km. A shoal is seen at Ch 3.90km. Vegetation is
seen along the right bank of the river. Two jetties are seen at Ch 6.20km and Ch
6.30km on the left bank. Shallow patches have been observed between Ch 6.80km
and Ch 7.10km in the middle of the river.

Small right bank tributary join the Chapora River at Ch 6.30km and at Ch 6.90km.
Two ferry jetties are seen on both banks of the river at Ch 8.70km. The Maximum and

Minimum depth obtained in this stretch are 8.40m and -0.20m.
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Chapora River (Ch 9.00km — Ch 17.00km)
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FIGURE 2.15: Chapora River from Ch 9.00km to Ch 17.00km
TABLE 2-10: Reduced depth from Ch 9.00km to Ch 17.00km

Chainage (km) Reduced depth with respect to Sounding Datum
Reduced Depth (m) Length of Dredging Qty. Cumulative

From | To | Max | Min Shoals (m) (cum) Dredging Qty. (cum)

900 1000 | 49 | 13 00 | 278448 | 278448
1000 1100 41 14 40 512120 | 790577
1100 1200 | 74 23 | o 000 790577
1200 1300 | 62 | 20 o 000 | 790577
1300 1400 149 | 20 o 000 | 790577
1400 1500 | 72 | 25 o 000 | 790577
1500 1600 128 | a1 o 000 | 790577
1600 1700 = 89 | - a4 o 000 790577

The maximum and minimum LAD for the above mentioned stretch are given in the
above table. Big shoals with trees are observed in the middle of river from Ch
9.70km to Ch 10.30km. Open fields are seen on the right bank (from Ch 10.20km to
Ch 11.00km) and on the left bank (from Ch 10.70km to Ch 11.60km). Arabo village is
located on the North (left) bank at Ch 11.50km. A tree is seen in the middle of the
river at Ch 11.86km. Islands are observed between Ch 11.60km and Ch 12.30km.
Colvale Road Bridge crosses the river at Ch 13.44km. High Tension Lines crosses
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the river at Ch 13.47km and Ch 16.33km. Settlement of Bardez is observed from Ch
14.80km to Ch 15.50km. Open fields are seen from Ch 13.90km to Ch 16.20km. Rail
Bridge crosses the river at Ch 16.49km which connects Revora with Dargolim. Open

fields are seen from Ch 6.65km to Ch 16.90km. The Maximum and Minimum depth
obtained in this stretch are 14.90m and 1.50m.

Chapora River (Ch 17.00km — Ch 25.00km)
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FIGURE 2.16: Chapora River from Ch 17.00km to Ch 25.00km

TABLE 2-11: Reduced depth from Ch 17.00km to Ch 25.00km

Reduced w. r. to Sounding Datum

Rev. 01

Reduced Depth (m)

Length of
Shoals (m)

54/386

Dredging Qty.
(cum)

38260.12

Cumulative
Dredging
Qty. (cum)

40910.66
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The maximum and minimum LAD for the above mentioned stretch are given in the
above table. Agricultural fields are found on both the banks of the river. Patches of
vegetation are also seen along the river banks. An island is seen from Ch 17.00km to
Ch 17.80km. Settlements are observed on this Island. A foot bridge crosses the river
from the South (left) bank to the island at Ch 17.06km. Orozim village is located on
the North (right) bank at Ch 19.80km. Open fields are found on the right bank from
Ch 20.20km to Ch 21.10km. Settlements near Ozorim village are seen on the right
bank between Ch 20.90km and Ch 21.10km. Pirna - Ozeri Road Bridge crosses the
river at Ch 21.14km. A small right bank tributary meets the Chapora River at Ch
23.2km. A road bridge, which is parallel to the Chapora River, crosses the tributary
just upstream of the confluence location. The Maximum and Minimum depth
obtained in this stretch are 14.80m and 0.00m.

TABLE 2-12: Water sample results

WATER SAMPLES

SAMPLE Easting Northing Sediment
NO. LOCATION concentration (ppm) pH
1 Chapora 364773.95 1726059.78 1378 7.79
2 Colvale 375174.68 1730446.31 1243 7.55
3 Prina 380308.53 1734208.39 1112 7.31

The river water is slightly basic in nature with average pH being 7.55.

TABLE 2-13: Soil sample results

SAMPLE | LOCATION . Grain Size Analysis (%)
NO. Easting (m) = Northing (m) = Specific Cu Cc

Gravity Gravel | Sand | Silt | Clay
1 Chapora 364773.95 1726059.78 2.72 0 99 1 0 1.50 0.94
2 Colvale 375174.68 1730446.31 2.64 24 72 4 24 2.78 1.28
3 Prina 380308.53 1734208.39 271 0 98 2 0 2.18 0.92

The river bed is silty sand at Chapora, clayey sand at Colvale and silty sand at Prina.
Thus the river bed can be concluded to be silty at most parts with clay and sand in
the remaining stretch.
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CHAPTER 3: FAIRWAY DEVELOPMENT

The Fairway availability and its utilization along with the developments required etc.,
are to be concluded based on the detailed Hydrographic survey, Traffic mobilization
including the hinterland requirement, future planning of the hinterland amenability and

the stake holder’s view point etc.,

The detailed Hydrographic survey and charts have been referred. As per the data
available, the study stretch of the waterway is amenable for up to class Ill / IV of the
waterway for the majority of the stretch i.e., up to Ch 13.4 km up to which, there is a
possibility for development of Tourism and there is a possible growth from cargo point
of view, if developed with a Ro-Ro Terminal. With the hub of activities, there is a
possibility of Ro-Ro vehicle mobility due to the proximity of the location just at the

Down Stream of the existing NH (Panvel — Edappally), in the long run.

Initial stretch from Ch 0.00km to Ch 13.40 km: According to the requirement from
cargo point of view, there is no need of development of this stretch, since there is no
identified / specified cargo. However, there is a considerable Tourism Traffic presently
flourishing in the state of Goa, which is expected to have more improvement with the
provision of related infrastructure. Accordingly, it is proposed to develop a Ro-Ro
Terminal at Ch. 13.4 (Just D/s of the Bridge on the right side), so as to facilitate
Tourism Traffic linked with a landing terminal for Ro-Ro Vessel. Hence, this stretch is
proposed for Class IV waterway. Since the Terminal Location is D/s of the Bridge at
ch 13.44 and keeping in view the clearances of the Bridge at ch 3.90 km {HC 45 m

and VC 7.30 m}, there is no need of any madification of structure.

Stretch up to Ch 25 km: The reach beyond this location (ch 13.5 km to ch 25.0 km)
has not been observed with any development either from the point of “Tourism” or
from the point of Ro-Ro mobility. However considering the Class Ill waterway in this
stretch, there may be a possibility in the long run for any mobility. There are 5 Nos of
Bridges at ch 3.9 km {HC 45 m and VC 7.3 m}; at ch 13.44 km {HC 30 m and VC 8.10
m}; at ch 16.49 km {HC 30 m and VC 5.9 m}; at ch 17.06 km {HC 20 m and VC 7.7 m}
and at ch 21.6 km {HC 70 m and VC 8 m} and 2 Nos of HT Lines {VC 10.98 m and
VC 18.94 m}. The above structures are not proposed with any modification in lieu of

the suggested limited development / non development.
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3.2. Details of Shoals (Length, Width and proposed
development works)
Class lll waterway has been proposed from Tourism aspect and Class IV waterway
criteria is proposed keeping in view the Ro-Ro vessel operation. It is approximately
leading to the requirement of fairway with 50 m Bottom width with 2.0 m depth. The
same is not amenable from the fairway point of view. Accordingly, the Dredging
guantities have been worked out for the Class IV system as per Indian class for the
subject study.
Class-IV
<€ 70.0m
<— 10.0m —>
1:5 2.0m
< 50m —
Observed Reduced w. r. t. Sounding Datum
Chainage Observed | Length | Dredging Reduced Length Dredging
(km) depth (m) of guantity depth (m) of guantity
Shoal (cu.m.) Shoal (cu.m.)
. (m) , (m)
From | To | Max. Min. Per km Max. | Min. Per km drg
drg
0.0 5.00 6.4 0.1 2100 56318.82
5.00 | 10.00 8.5 -0.3 1550 70502.15
10.00 H 13.40 7.4 1.4 400 5121.29
TIDAL ZONE
13.40  15.00 14.9 2 0 0
15.00  20.00 148 | 2.1 0 0
20.00 | 25.00 11.2 | -0.2 1300 40910.66
Total 5350 172852.92
Accordingly, the shoal length is of 4050 m (up to Ch. 13.4 km) and the respective
Dredging quantity has been taken into consideration for 1.32 Lakhs Cu. M and the
estimated quantity has been taken into consideration as 1.70 Lakhs Cu. M, duly
considering 25 % addition for variation.
S .. Az —— - G 44—
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3.3.1.

Rivers are the natural channels of drainage carrying water along with sediments
from the catchment to the sea. The main river course will be joined with various
tributaries depending on its catchment configuration carrying the water from run-off
and also carrying the sediments enroute. The dynamic equilibrium of such river flow
tends to change the course of the river on the Geometric cross section and on the
Gradient. The braiding channel of the river will create meandering streams leading
to multiple channel flow. This type of distribution of the cross section discharge into
multiple channels is a major threat for safe navigation in the particular stretch of the
river / waterway. The meandering tendency of a particular stretch / river always
leads to the formation of loops / bends. Hence, the perspective appreciation over
the behaviour of the river / study stretch for navigation is most essential to arrive at
a dependable River Training measures for achieving the safe navigational fairway of

the study stretch.

The taming of the river / study stretch for provision of a safe fairway for navigation is
ultimately depending on the cost criteria and also the economics. Certain low cost
solutions are already in practice in the national waterways on NW 1 and NW 2
systems viz., Bandalling; Bottom Panelling; Submerged Vanes etc., Considering the
seasonal aspects in the river like Lean season and Flood season and in order to
meet the quick time lines for providing the safe channel, the Dredging of the river is
also under consideration. However, to have a sustainable channel with long term
requirement, the permanent solution of taming the river through the training
measures viz., Spurs; Groins etc.,. Bank protection measures also can be adopted

at certain critical locations as Training measures.

Low Cost structures

Bandalling” is a low cost and ancient technique adopted in NW 1 & NW 2 in order to
improve the navigation conditions. Bandalling is the temporary structure made up of
“Bamboos” and “Bamboo Mats”. The ideology of this structure is to divert the flow of
secondary channel to main channel, where split discharge observed. Bamboos will be
driven in line for 25m to 30m (1 Chute) and arranged with the screen made up of
Bamboo Mats placed / immersed from the surface of water by a third of the depth.
This structure will be placed at 35 degrees to 45 degrees to the secondary channel
flow. No. Of Chutes will vary on the width of the secondary channel. These Chutes
will be supported by cross Bamboos to withstand the flow. This can improve the
channel depths from 1.8 m to 3.0 m. The process ultimately silts up the secondary

channel and improves the velocity / discharge in the main channel. The below
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MAIN BANK

3.3.2.

mentioned Figure will give an idea about the structure. The Bandalling locations may
have to be identified, during the receding stage of the Flood and are to be placed
while considerable flow is observed both in main and secondary channels.
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In the study stretch, no major divided discharge locations have been observed and
hence there is no need of implementation of Bandalling in this stretch.

Dredging

“Dredging” is the removal of sediments and debris from the bottom of lakes, rivers,
harbors, and other water bodies. It is a routine necessity in waterways around the
world because of the sedimentation process (the natural process of sand and silt
washing downstream and gradually fills channels and harbors). Dredging often is
focused on maintaining or increasing the depth of navigation channels, anchorages,
or berthing areas to ensure the safe passage of boats and ships. Vessels require a
certain amount of water in order to float and not touch bottom. This water
depth continues to increase over time as larger and larger ships are deployed and
with the increased volumes of bulk cargo operation, dredging plays a vital role in the

nation's economy.
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Dredging is also performed to reduce the exposure of fish, wildlife, and people to
contaminants and to prevent the spread of contaminants to other areas of the water
body. Environmental dredging is often necessary because sediments in and around
cities and industrial areas are frequently contaminated with a variety of pollutants. The
sediment management and disposal of dredged material are also important issues to

be managed and carried out effectively.

Dredging used to be carried out in the river by various types of Dredgers viz., Bucket
and grab dredgers; Suction and cutter-suction dredgers; Trailing hopper dredgers
etc.,. However, the most acceptable form of the dredger is “Cutter Suction Dredger”
(CSD) being deployed on National Waterways by IWAI. The type of soil, if hard, may
have to be tackled with the appropriate dredger. In the morphological rivers, the
shoals will be formed with divided discharge and accordingly, the dumping of dredged
soil is preferred in closing the secondary channel and within the flood plains. In the
West Flowing Rivers, in general, the velocities are comparatively higher. Once the
dredged cross section is achieved, the maintenance will be automatic in the natural
way for longer period. The catered provisions in the O & M will take care of such

minimal nominal requirements.

In the study stretch, up to ch 13.40 km, there is a need of dredging the shoal length of
about 4050 m with an estimated quantity of 1.32 Lakhs Cu. M of general soil which
may have to be taken up through CSD and the total estimated quantity has been
considered as 1.70 Lakhs Cu. M (By adding 25 % extra).

Regarding the disposal of dredged material, a portion of the same can be
considered, as explained above for closing the secondary channel. Further, as
observed, the sand from the river is being considered as a valuable construction
material in the entire Arabian Sea coast. Hence, the disposal is not a problem. In
addition, the dredged spoil can be dumped in the low lying areas on the nearest
amenable locations, wherever feasible. The dumping can also be prudently /
effectively utilized to protect the banks in vulnerable stretches and near the terminal
area by constructing a layer of “Gabion Walls”, which will also prevent the fall back
into the Dredged fairway. The type of “Gabion Walls” for such arrangement is shown

below.
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3.3.3.  River Training

River Training is nothing but taming of a river section to achieve the objective /
purpose with the encroachment over the natural flow condition. Navigation and Flood
Control are generally the common purposes for taming the river with various training

measures.

In general, there are two types of waterway training structures: Re-directive and
Resistive. Re-directive, as the name implies, is the use of the River's energy and
Managing the energy in a way that benefits the system i.e., enhance the navigation
channel. A resistive structure acts to maintain the system as status quo i.e., reducing
bank erosion.
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FIGURE 3.1: Types of dike structures
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Re-directive structures are usually a series of dikes placed along the inside of a river
bend where sediment usually deposits. Dikes have been known by a variety of
names, such as groins (or groynes), contracting dikes, transverse dikes, cross dikes,
spur dikes, spur dams, cross dams, wing dams, and spurs. The most common dikes

in use today are shown in the Figure, as under.

Resistive structures are primarily used to prevent bank erosion and channel migration
to establish or maintain a desired channel alignment. Revetments and Bank

Protection works are examples for such structures.

In the rivers of Goa, especially the west flowing rivers, in general have the tendency
of rapid draining off due to the comparative limitation in traverse length between the

lower mountain range and the Arabian Sea.

Keeping in view the above, the suggested River Training works are Spurs; R. C. C.
Porcupines; Bamboo Porcupines. Further the Bank Protection / Revetments also can
be considered as a part of the River Training at certain amenable locations. The
structures are detailed with the figures and the preliminary designs have been placed

in appropriate chapter (Chapter 6).
The “Gabions with Boulders” type of structure can be considered as Spurs and also
as Bank Protection on these rivers, as detailed in the Figure.

_ o 000090909 9= G 4 G
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In wider reaches, it is suggested the provision of spurs with “Gabions with Boulders”
as detailed in the Figure, given below. The preliminary Design details have been

placed in Chapter 6.

River Training works may be essential, in general, at the sharp bend locations and at
other locations where there is a need of taming the river with morphological variations

/ disturbances creating hurdle for smooth navigation.

In the study stretch, up to Ch 13.40 km, the least bend radius is 630 (against 800) at
Ch 9.10 km. It is proposed to tackle the Bend problems through Bank Protection.

Hence, the River Training work is not suggested.

In the rivers, wherever bends or curves exist, the concave side of the river will always
be subjected to the erosion. The pace of erosion will depend on the soil condition and

terrain and also the velocity of the flow at the location.

As early as the seventeenth century, the Germans were protecting the banks of rivers
with masses of brush formed into fascines (bundles). This method of bank protection,

called blesswerk, was also used for bank and shore protection in Holland.

As explained earlier, the characteristics of the rivers originating from Western Ghats
are unique. In such a condition, Gabions filled with rocks will be the most
advantageous type of the Bank Protection. Further, the basic raw material, rock, is
abundantly available within a reasonable leads. Gabions are wire mesh baskets filled
with crushed rock. They are filled in situ, with locally available material (rocks) and
thus have a low capital cost. Because they are flexible and porous, they can absorb

some wave and wind energy, thereby reducing the scour problems.
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Minimum 1m above maximum wave run-up level

x

1 Sloping gabion baskets filled and placed
to manufacturers specifications

Dune face regraded to

provide a stable base

Normal limit of
wave run-up
Gabions can be buried with recycled or imported ~
sand. Planting, fencing and thatching will

encourage dune development.
Bury toe to at least 1m
below lowest expected beach
level
_________________________________________________________________________________________________________________________|

Geotextile

It has been proposed to consider the Bank Protection in the vulnerable locations. In
the study stretch, there is no such location with any Bank Protection requirement.
However, the proposed Dredging activity may have nominal morphological
disturbance, which in turn may lead to the vulnerability of Bank erosion, especially in
Bends. Keeping in view the above phenomenon, a provision of 1000 m has been
catered. A length of 500 m is suggested at locations of Ch. 7.25 km and Ch. 9.10 km.

The protection work is proposed with the Gabions filled with rocks.

Keeping in view the River width / Channel width etc., the Navigational Markings can
be considered, either in the Shore or in the River with floating condition. The Shore
Markings can be considered with a reasonable Beacon type structure fitted with Light
at the top, whereas, the marking in the river can be considered with the floating Buoys
as per the IALA standards fitted with Light at the top.

In the Terrain of west flowing rivers, it is amenable to keep the light on a 15 m Trestle
Tower with a reasonable illumination of Light for a considerable distance. IWAI is
having 2 NM / 4 NM Light systems on NW 1, NW 2 and NW 3 (already operational)
and hence it is preferred to consider 15 m Trestle Tower fitted with 4 NM light on the
top. The 4 NM illuminations will have a visibility for about 9.0 km and with a rational
approach, the same can be considered at every 5 Kms all along the stretch with
alternative side of the River. The preliminary Design of Beacon & Light systems along

with the specification are placed at Chapter 6, appropriately.
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Regarding the Buoy & Light system, it is proposed to consider the same type of Buoy
and Light deployed in NW 1, NW 2 & NW 3 with the details as placed Chapter 6.
Further the Technical specifications of Buoy & Light, as available in the Market as a
proprietary item are also detailed in Chapter 6. In the study stretch of Chapora River,
it is only suggested to consider the Beacon Light system. However, in due course of
time, if need be, the Buoy / Light system also can be considered, for close marking

system.

Keeping in view the 4 nm light and considering the clear visibility range as 8000 m,
the interval can be considered as 3000 m, keeping in view the bends etc.,. Hence, it is
proposed to work out the requirement with 3000 m interval and in Zigzag position (i.e.,
1 Left Shore Mark then 1 Right Shore Mark and 1 Left Shore Mark). Accordingly, it is
estimated to provide 5 Nos in the initial phase 1 stretch upto Ch. 14 kms {14000 /
3000} of Shore Marks with Beacon Light unit.

It is suggested the Buoy & Light system in the phase 2 development, which can be
considered with due analysis at that point of time. The requirement has been worked
to 35 Nos {14000 / 500 + 4 Bends + 10 %}. A provision of Tug — cum — Buoy laying
vessel has been considered, which will act as a multi-purpose vessel. Provision has

been catered as a part of overall cluster 7 requirement for all the waterways.

In the stretch, there is only One Bridge at Ch. 3.90 km up to the Terminal Location
having 45 m HC and 7.3 m VC. Considering the Tourism Traffic, the modification is
not suggested, though classification is Class IV. The other 4 Bridges are beyond the

Terminal Location and not suggested for any development.

In the total stretch, Two HT Lines are in existence at Ch 13.47 km and at Ch 16.33
having VC 10.98 m and 18.94 m respectively and hence there is no need of any

Power Cable modification.

No cross structures viz., Dams / Barrages & Locks / Weirs / Anicuts / Aqueducts are

observed in the present study stretch.

In order to improve the fairway, including the depth, there is no requirement of Dams /

Barrages & Locks / Weirs in the present study stretch.
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3.9.1.

3.9.2.

No Land Acquisition requirement was observed for Fairway Development in the
present study stretch. Land Acquisition requirement for Terminal purpose is being

considered, as a part of Terminal development, wherever required.

Capital Cost

As observed / ascertained, the Chapora River is being used scarcely for Tourism
mobility. However, lot of studies established the scope for Tourist mobility within a
short span of time and in this context, Captain of Ports, Goa is considering
investments in line with the requirements of Goa Tourism Development Corporation
on jetties / other infrastructure. If IWAI facilitate the low profile Ro-Ro operation for the
small Buses / MUVs, there is a scope of enhancing the scale to cargo mobility, in the
long run. This scale of operation may also attract to a full pledged Ro-Ro operation
between the IWAI proposed Terminal and the Mormugoa Port / other Non-major ports
in the vicinity, wherein the facility at the other end will be developed by the concerned
to have the interconnectivity. Accordingly, IWAI may have to observe the scenario till
FY 30, as Phasel and if confirmed, then consider the development accordingly. This

development has been proposed as Phase 2.

However, as a part of suggestion / recommendation for the development of Chapora
River, no recommendation is proposed. The low profile Phase 1 development is
suggested and indicative Phase 2 requirements are projected with a limitation of any

development only up to Ch. 13.4 km.

The Phase 1, Fairway development is INR 6.30 Cr.
The Phase 2, Fairway development is INR 23.25 Cr.

Cost estimates are placed with details in Chapter 11.

O&M Cost

The item wise Operation and Maintenance cost have been considered as per the
circulated parameters, as defined, by IWAI, which have been analyzed and
considered. Some more assumptions have been considered appropriately, wherever

required.
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CHAPTER 4: TRAFFIC STUDY

4.1.

General

Market analysis for Chapora river catchment area comprises of the analysis for
existing and potential waterway for cargo and passenger traffic. The analysis also
covers cargo’s existing trends of flow between origin and destination and the

feasibility of diversion from existing transport/shipping modes to waterways.

Goa comprises of small mountainous regions. There are about 9 rivers that flow
through Goa. Most of the industries use Mandovi and Zuari River to export Iron Ore
using Mormugao port. These 2 rivers constitute about 70% of geographic region of
Goa and rest is covered by other rivers, namely Terekhol, Baga, Sal, Saleri, Talpona,
Galgibag, Chapora and Mapusa. These rivers pass through talukas of Goa, which
are rich in mineral reserves. All the rivers of Goa are tidal and seasonal rivers and
are dependent on rain. Inland Waterways Authority of India (IWAI) intends to develop
Chapora (NW 25) which could help in diversion of a major part of road and rail traffic
to the waterways. This could help in decongestion of overly loaded roadways and
railways and would help in efficient utilisation of the waterways. The stretch of
Chapora River is 33 km for the study. The navigable length of all rivers of Goa at

present is about 253 km only.
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FIGURE 4.1: Chapora River Overview
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4.2.

Chapora River - Waterfront area and surrounding

FIGURE 4.2: Waterfront of Chapora River
Influence area / Hinterland Analysis

Chapora river waterway falls under North Goa district of the State and the district
headquarter is Panjim, which is also the state capital. The North Goa district is further
divided into 6 talukas, namely Tiswadi, Bardez, Pernem, Bicholim, Sattari and Ponda,
with a total geographical area of 354.48 sg. km. River Chapora falls under Bardez &
Pernem taluka; hence, these two talukas are considered as the Primary Catchment
Area for Chapora River.

The primary catchment area which is within 25 km from Chapora river comprises of
industries, mostly Micro, Small and Medium Enterprises (MSME), like plastic, rubber
manufacturing units etc. There is no major industry in the vicinity. The industries,
which are located far from the river, i.e. farther than 25 km have close proximity to
Mormugao Port. The distance between these industries and Mormugao Port is 10-20
km; hence these industries would not provide any opportunity to Chapora River. The
region outside the primary hinterland, i.e. after 25 km catchment area, is mostly hilly
area with 150-200 meter elevation. Ibrampur upper East & Lower southeast side are
hilly regions with more than 100 meter elevation. Pernem and Bardez talukas have 20
to 50 meter elevation. Hilly region restricts smooth transportation and consumes more
transportation time; hence, there exists no industry in hilly region of the river's
catchment area.
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