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Detailed Hydrographic Survey has been carried out so as to assess the required 

developments in the Fairway along with interrelated activities. Based on the Hydrographic 

Survey data the full stretch up to Gerusoppa Dam for about 29 Kms is in Tidal Zone. It has 

been noticed that the 2 Bridges in the initial stretches at 3.447 & 3.551 (1 is under 

construction) can be manoeuvred with single line operation. The Rail Bridge at Ch 6.113 km 

also can be manoeuvred with single line operation. The Iron Bridge at Ch 24.107 is having 

sufficient clearances. 2 HT Lines located is having sufficient clearances. Two pipelines are 

crossing the study area. No Dams / Barrages / Locks / Weirs / Anicuts / Aqueducts are 

located. Six Bend locations are observed critical and suggested with the required protection. 

Honnavar port, in the mouth of Sharavati River, has been identified with the potential of handling 

the cargo Steel; Sugar; Fertilizer; Coal; Iron Ore; Molasses & Edible Oil. The development is 

expected shortly and will have connectivity through Sharavati. Keeping in view the Passenger & 

Tourism Traffic, Ferry service is suggested through the Sharavati River waterway at this stage 

using the facility of Hannovar port as one terminal.  

Roll-On Roll-Off (Ro-Ro) IWT Terminal may be a possibility in future taking into the 

consideration of the Passenger & Tourism Traffic initially, which may pave way for cargo 

mobility, once Honnavar Port is developed. The most probable location identified for ferry 

terminal is D/s of the Gerusoppa Dam, on the right side of the river at Lat 14°14'20.64"N and 

Long 074°38'59.16"E. This location is having good accessibility to the road and the tentative 

land requirement has been arrived at with 1928Sq. M (0.193 Ha) in the Saralagi Village; 

Gerusoppa Taluka; Uttara Kannada district of Karnataka state.  

Accordingly, the fairway requirement for Class IV has been taken into consideration with 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.  

To provide a safe navigable channel, dredging of 4.21 Lakhs Cu. M in Ordinary Soils has 

been estimated along with the identification of Day / Night Navigation Markings (however the 

waterway shall cater to tourist activities, hence night navigation is not needed). Since only ferry 

vessel movement has been proposed which will not affect the banks hence no Bank Protection 

works have been proposed. No modification is required for bridges and cross structures. 

Nominal provisions have been suggested towards Communication System and Institutional 

requirements.  

IWAI Terminal requirement has been considered with one Ferry Terminal at Gerusoppa which 

has been proposed, keeping in view for development of tourism traffic. Geotechnical 

Investigations have been completed and the test results are placed at Volume IV. 
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The cost estimates have been worked out and segregated i.e., Fairway which is working out 

to 11.71 Cr (approx) followed with one Ferry Terminal at a capital cost of 8.95Cr (approx).  

All the capital assets will be provisioned in 24 months after ascertaining the required 

confirmations and approvals from the concerned Departments. The FIRR and EIRR have 

been worked out and the details are placed. 

 

 

The project doesnot have cargo transportation hence this aspect has not been found 

commercially and economically viable. The development of the entire study stretches of 

Sharavati river of about 25.2 kms (D/s of Gerusoppa Dam to Hannovar Port) has been 

examined for tourist related movement with Class IV system of the NW standards however 

this is also not generating positive returns. In the most optimistic scenario, development of 

river Sharavati (NW-90) may be considered only for the tourist and passenger services. 

Project Modules FIRR EIRR 

Fairway  Non-Existent NA 

Ferry Terminal Non-Existent NA 

Vessel Non-Existent NA 
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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. 

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. 

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/quantum of cargo/tourism potential and 

accordingly, 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. 
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1.2.4. Vessel Requirement 

Based on the type of cargo, quantum of cargo, tourism potential, 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. The aspect of development of River 

Sharavati (NW-90) for Tourist and Passengers shall also be explored with the 

specification of vessel/ ferry boats. 

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 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. 

1.4. Project Location / Details of Study Area 

Stage 1 study was completed for all the 11 National Waterways under Cluster VI 

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 9 out of 11 National Waterways i.e., 5 in the 

state of Karnataka and 4 in the state of Kerala, as detailed. 

 





 

P.010256-W-10305-006 Rev. 03 30/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

TABLE 1-3: Description of Sharavati River (NW-90) 

Sl No. Introductory Consideration Description of the River 

1. Name of the river / canal Sharavati River (NW-90) 

2. State/ District through which river 
passes 

The Sharavati River mostly passes through 
Shimoga Distt of Karnataka State and meets the 
Arabian sea Arabian Sea at Honnavar in Uttara 
Kannada district. 

3. Length of the river / canal The total length of the Sharavati river is around 
128 km and it joins the Arabian Sea at Honnavar 
in Uttara Kannada district.  Out of the total length 
of 128 km of river, about 29 km length of the river 
from Honnavar Port Sea Mouth at Lat 14°17'56"N, 
Long 74°25'27"E to link at highway at Gerusoppa 
Lat 14°14'15N, Long 74°39'06"E has been 
declared as new national waterway and proposed 
to undertake the two stage DPR study. 

4. Map The index map of Sharavati River showing 
proposed waterway stretch, topographic features 
and road networks are given in Figure 1.1. The 
section of the Sharavati River under feasibility 
study for inland waterway showing 
reconnaissance survey routes is presented in 
Drawing No. P.010256-W-20301-A06 (Sheet- 4 
Nos): Sharavati River (Karnataka) Proposed 
National Waterway Number 90 Layout Plan. 

Characteristic of River 

5. River Course The Sharavati river or Gerusoppa or Banaganga 
river has its origin at Ambutirtha in Tirthahalli taluk 
of Shimoga district. After a northerly course of 
about 64 km from Nagar, it forms the south-east 
boundary of Uttara Kannada for about 13 km and 
then passes about 32 km west or 128 Km in all to 
join the sea at Honnavar. About 30 km west, it 
reaches the ancient capital of Gerusoppa. During 
the remaining 27 km to the coast, the river flows 
between richly wooded banks fringed with 
mangrove bushes, a broad tidal estuary, brackish 
in the dry weather but during the rains sweet even 
close to its mouth. 

6. Tributaries / Network of Rivers / 
Basin 

The major tributaries of the river are Nandihole, 
Haridravathi, Mavinahole, Hilkunji, Yennehole, 
Hurlihole, and Nagodihole. 

7. Catchment Area The total catchment area of Sharavati is 3592 km2 
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FIGURE 1.1 : INDEX MAP
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(Source: Google Earth) 

FIGURE 2.1: Catchment Area Map of Sharavati River  

The entire basin has an area of 3592 km2 

(http://waterresources.kar.nic.in/river_systems.htm). Sharavati River Basin has the 

monsoon period from May to October, followed by winter from November to 

January and summer from February to May. The average rainfall variation in the 

sub-basin ranges from 1200 mm to 5000 mm. Average minimum and maximum 

temperature is about 15-38oC.  

A map showing Sharavati 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 

Karnataka experiences lowest temperature during the month of January and then 

the temperature gradually increases. The temperature begins to soar rapidly 

during the month of March. The southern parts of the state generally experience 

the highest temperature during the month of April while in the coastal plains the 

temperature reaches its maximum during the month of May. Post monsoon, during 

the months of October and November the temperature decreases in the state and 
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comes down further during the month of December. The average high 

temperature during summer is 34 degrees Celsius across the state. The average 

day temperature is 29 degrees Celsius in the monsoon season. During winter 

temperatures range from 32 degrees Celsius to below 20 degrees Celsius. 

Monsoon season starts from June and lasts till September, as prominent downfalls 

in temperature are noted but at this time the percentage of humidity gets a little 

higher in atmosphere. The average annual rainfall in Coastal Karnataka is about 

3456 mm, which is much more than the rainfall received in the other parts of the 

state. North Interior Karnataka receives the least amount of rainfall in the state 

and the average annual rainfall is just 731 mm. This zone experiences semi-arid 

type of climate. South Interior Karnataka receives an annual average of 1286 mm 

rainfall.  

Eleven groups of soil orders are found in Karnataka viz. Entisols, Inceptisols, 

Mollisols, Spodosols, Alfisols, Ultisols, Oxisols, Aridisols, Vertisols, Andisols and 

Histosols. The common types of soil groups found in Karnataka are: 

i. Red soils: Red gravelly loam soil, Red loam soil, Red gravelly clay soil, Red 
clay soil 

ii. Lateritic soils: Lateritic gravelly soil, Lateritic soil 

iii. Black soils: Deep black soil, Medium deep black soil, Shallow black soil 

iv. Alluvio-Colluvial Soils : Non-saline, saline and sodic 

v. Forest soils: Brown forest soil 

vi. Coastal soils: Coastal laterite soil, Coastal alluvial soil. 

The soil texture of the riverbed has been observed. It is observed that Coastal 

Alluvial Soil and Red Soil are present in almost equal proportion in the river under 

study stretch. 

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

river having a wide and shallow cross section. Rise in riverbed 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. 

Any part of river falls under rapid zone, i.e. having relatively steep gradient in the 

riverbed 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. 
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Geomorphology 

According to the classification of the waterway class IV, the minimum width 

required, and minimum depth required has been given as 50 m and 2 m for 

navigation. Though the river Sharavati was classified as class II for the entire 

stretch at the FSR stage. However, the present analysis has been done according 

into the waterway class IV,so relooked with the possibilities for 50 m width and 2 

m depth. 

Sharavati River (Ch 0.00 km - Ch 10.00 km) 

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

placed (October 2004, April 2010, April 2013 and January, 2016). 

 

(Source: Google Earth) 
 

FIGURE 2.2: River stretch from Ch 0.00km to 10.00km in October, 2004 
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(Source: Google Earth) 

FIGURE 2.3: River stretch from Ch 0.00km to 10.00km in April, 2010  

(Source: Google Earth) 

FIGURE 2.4: River stretch from Ch 0.00km to 10.00km in April, 2013 
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(Source: Google Earth) 

FIGURE 2.5: River stretch from Ch 0.00km to 10.00km in January, 2016  

Many small shoals are observed near Ch 5.00km towards the left bank which show 

negligible movement throughout the time period. One big shoal is observed near Ch 

7.00km. A small islet is present near Ch 10.00km which is observed to be 

connected with the left bank with a small road bridge after 2010. A tributary joins the 

river from the right bank near Ch 5.00km. The water depth remains sufficient in all 

the time periods. 

Sharavati River (Ch 11.00 km - Ch 20.00 km)  

The satellite images for the stretch of next 10 km for four time periods have been 

placed (October 2004, April, 2010, April, 2013 and January, 2016). 
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(Source: Google Earth) 

FIGURE 2.6: River stretch from Ch 11.00km to 20.00km in October, 2004  
 

 
Source: Google Earth) 

FIGURE 2.7: River stretch from Ch 11.00km to 20.00km in April, 2010  
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Source: Google Earth) 
FIGURE 2.8: River stretch from Ch 11.00km to 20.00km in April, 2013 

 

Source: Google Earth) 
FIGURE 2.9: River stretch from Ch 11.00km to 20.00km in January, 2016  

 

The width of the river reduces as compared to that up to Ch 10.00km. The water 

depth remains sufficient throughout the stretch however minor effect of accretion in 

2010 after Ch 18.00km is noticed.  

One islet is located near Ch 19.00km which is found to be recently connected with 

the right bank through a road bridge. 

Sharavati River (Ch 21.00 km - Ch 28.674 km)  

The satellite image for the stretch of last 8.674 km for four time periods have been 

placed (October, 2004, April, 2010, April, 2013 and January, 2016). 
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Source: Google Earth) 

FIGURE 2.10: River stretch from Ch 21.00km to 28.674km in October, 2004. 

Source: Google Earth) 

FIGURE 2.11: River stretch from Ch 21.00km to 28.674km in April, 2010 . 
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Source: Google Earth) 

FIGURE 2.12: River stretch from Ch 21.00km to 28.674km in April, 2013 

     Source: Google Earth) 

FIGURE 2.13: River stretch from Ch 21.00km to 28.674km in April, 2016  

There is one islet present near Ch 21.00 km. Two very small shoal is present at Ch 

26.00 km and Ch 27.00km which shows little migration towards the right between 

2004 and 2016. However, with sufficient width available and the small size of shoal, 

no hindrance is expected in the waterway route.  

In April, 2010 deposition around the islet, in between Ch 25.00km and Ch 26.00km 

and near Ch 28.00km is observed. 

No other significant changes are observed. 
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2.1.2. Existing Hydrological / Topographical Reference levels 

GTS benchmark located at Honavar port was used as origin of survey. Benchmark 

position and MSL heights are mentioned below: - 

Value of GTS Benchmark: -   2.10m above MSL. 

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 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. 

TABLE 2-1: Transfer of sounding datum by few hour tide observations at Gauge -1, 2, 3, 4 

 Particulars SR-1 SR-2 SR-3 SR-4 

          

Observed high water 1.85 1.64 1.41 1.12 

Observed low water 0.16 0.35 0.46 0.63 

          

Observed range (Observed high water - 
Observed low water) 

1.69 1.29 0.95 0.49 

Mean Tide Level (M.T.L.) (Mean of observed high 
and low water) 

1.005 0.995 0.935 0.875 

          

High water 1.93 1.92 1.94 1.95 

Low water 0.29 0.16 0.07 0.03 

          

Range (High water - Low water) 1.64 1.76 1.87 1.92 

Mean Tide Level (M.T.L.) (Mean of high and low 
water) 

1.11 1.04 1.005 0.99 

          

Ratio of Ranges (Observed range / Standard Port 
Range) 

1.030 0.733 0.508 0.255 

          

Study the predicted tide table and select 
maximum high water of particular day, when low 
water is nearest to the datum/zero  

        

Maximum high water 1.8 1.8 1.8 1.8 

          

Equivalent range at the port (Maximum high-
water x Ratio of range) 

1.855 1.319 0.914 0.459 

          

Equivalent half range (11/2) 0.927 0.660 0.457 0.230 
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 Particulars SR-1 SR-2 SR-3 SR-4 

Sounding Datum (SD) at new gauge         

Observed (M.T.L.) - equivalent half (maximum) 
range 

0.078 0.335 0.478 0.645 

          

zero of tide pole from MSL -0.085 0.196 0.116 1.357 

  -0.007 0.531 0.594 2.002 

          

  3.376 3.192 6.752 4.254 

BenchMark Above Chart Datum 3.383 2.661 6.158 2.252 

2.2. Existing Waterway Structures  

2.2.1.     Bridges 

There are three bridges present in the entire survey stretch of Sharavati River and 

one under construction. The vertical clearance of the bridges is sufficient for class II 

vessels. The horizontal clearance of the bridges is sufficient for class I vessels. The 

horizontal clearance of the Iron bridges is sufficient for all classes. However, for 

other bridges, they will need modification for higher classes. 

TABLE 2-2: Details of Bridges 
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2.2.2.     Electric Lines / Communication Lines 

There are two high tension lines present in the entire survey stretch of Sharavati 

River. The vertical clearance required for power cables or telephone lines is 19 m. 

The support base of these HT line will have to be raised by 4.0 m to get the 

required clearance. 

TABLE 2-3: Details of HT lines 
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2.2.3.     Pipe Lines / Cables 

Two Cables are present at Ch 13.07 & Ch 13.90km.  

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

There are no Barrages, weirs, anicut, Locks etc. in Sharavati River in the entire 

survey stretch.  

2.3. Bends 

On the proposed waterway route, there are many bends in Sharavati River, which   

are given below in Table. Some of the river bend radius lower than the prescribed 

bend radius for Class-IV waterway may need smoothening. 
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TABLE 2-4: River Bend Radius in River 

Sr. No. Chainage (Km) Radius 

1 0.06 100 

2 0.16 295 

3 0.34 475 

4 1.25 925 

5 1.60 685 

6. 2.09 730 

7. 3.19 475 

8. 4.40 1110 

9. 5.11 765 

10. 6.00 990 

11. 8.01 845 

12. 9.64 795 

13. 10.45 667 

14. 11.12 328 

15. 12.14 605 

16. 13.40 2100 

17. 14.47 334 

18. 14.94 600 

19. 15.29 700 

20. 15.41 500 

21. 15.53 445 

22. 16.55 685 

23. 16.88 755 

24. 17.14 680 

25. 17.91 1060 

26. 18.25 760 

27. 19.47 465 

28. 20.00 540 

29. 21.29 1180 

30. 24.80 345 

31. 26.00 445 

32. 27.20 290 

33. 28.27 305 

It has been recommended to develop the entire study stretch of Sharavati river as 

per Class-IV waterway system of NW standards which shall have 800m of bend 

radius. There are altogether 33 number of bends identified in the study stretch and 

among these six bends appear to be sharp and therefore identified for 

smoothening and these are (Ch. 0.16, 11.12, 14.47, 15.53, 19.47 & 27.20). 

2.4. Velocity and Discharge Details 

The details of Velocity and Discharge in the Sharavati River are given below in 

Table 2-5. 
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Chainage (km) Reduced w. r. to Sounding Datum 

Reduced Depth (m) Length of 
Shoals (m) 

Dredging Qty 

(cum) 

Cumulative 
Qty. 

(cum) From To Min Max 

26 

27 28 0.1 2.9 600 16780 128044.1 

28 29 0.1 7.6 600 18058 146102.1 

29 29.25     150 0.6 146102.7 
                

The maximum and minimum LAD for the above-mentioned stretch is given in the 

above table (as per class IV). At Ch 23.50km, there is one jetty on the left bank of 

the river. At Ch 24.107km, there is a bridge under construction. On both sides of the 

river there is a mixture of residential area and forest area up to the end of the 

change. At Ch 25.90km and at Ch 27.30km, the river bifurcates due to formation of 

shoals. There are stones in the river near Ch 28.00km. The Survey ends at 

Gerusoppa at Ch. 28.647 km. 

2.6. Water and Soil Samples analysis and Results  

TABLE 2-9: Water sample results 

SAMPLE 
NO. 

Latitude Longitude WATER SAMPLES 

Sediment 
concentration (ppm) 

pH 

1. 14°16'26.9513"N 074°26'17.9044"E 123 7.96 

2. 14°15'20.6581"N 074°28'45.0576"E 215 7.48 

3. 14°14'11.9838"N 074°34'23.1070"E 48 7.74 

4. 14°14'14.5880"N 074°39'02.3867"E 33 7.76 

The river water is slightly basic in nature with average pH being 7.74. 

TABLE 2-10: Soil sample results 

S
r.

 N
o

. 

S
am

p
le

 

N
o

. 

S
p

ec
if

ic
 

G
ra

vi
ty

 

Latitude Longitude Grain size analysis (%) Cu Cc 

Mechanical 

analysis 

Hydrometer 

analysis 

Gravel san
d Silt Clay 

1. SVR-1 2.65 14°16'26.9513"N 074°26'17.9044"E 8 60 25 7 236.1 1.025 

2. SVR-2 2.67 14°15'20.6581"N 074°28'45.0576"E 9 50 34 7 84.72 0.664 

3. SVR-3 2.65 14°14'11.9838"N 074°34'23.1070"E 9 63 22 6 79.36 0.425 

4. SVR-3 2.66 14°14'14.5880"N 074°39'02.3867"E 7 58 29 6 81.52 1.215 

From the above table the riverbed can be concluded to be sandy with silt throughout 

the study stretch. 
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CLASS-III 

                                  Observed 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 

0.0 10.00 

TIDAL ZONE 

0.5 6.4 4750 102436.9 

10.00 20.00 0.5 9.9 2200 41797.3 

20.00 28.674 0.1 7.6 4900 91952.2 

Total 11850 236186.4 
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CLASS-IV 

Observed 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   

0.0 10.00 

TIDAL ZONE 

0.5 6.4 5900 165194.4 

10.00 20.00 0.5 9.9 3200 71432.2 

20.00 28.674 0.1 7.6 6500 146102.7 

Total 15,600 3,82,729.3 

 

Proposed Conservancy Activities    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. 











 

P.010256-W-10305-006 Rev. 03 58/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

 

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 present study stretch, there is no need of any River Training requirements. 

3.3. Bank Protection / Embankment Strengthening 

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 lead. 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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It has been proposed to consider the Bank Protection in the vulnerable locations. In 

the stretch, up to ch 28.674 km, there is no such location with any Bank Protection 

requirement. The proposed dredging activity may have nominal morphological 

disturbance, however banks shall not be affected hence no bank Protection 

requirements is needed. 

3.4. Navigation Markings / Navigation Aids 

It has been proposed to consider the same type of Buoy and Light deployed in NW 

1, NW 2 & NW 3 with the details as sketched in the figure below. Further the 

Technical specifications of Buoy & Light, as available in the Market as a proprietary 

item are also detailed.   
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POLYETHYLELENE CHANNEL MARKING BUOYS: (PORT HAND) 1 No. - PEB/1 

800 Polyethylene Buoys, each complete with Day Mark, Top Mark and Radar 

Reflector. Main features are as given below: 
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3.6. Proposed Dams / Barrages / Locks / Weirs to improve 
depth 

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

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

3.7. Land Acquisition 

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. 

3.8. Fairway Costing 

3.8.1.     Capital Cost 

The Capital Cost for the fairway has been considered in Chapter 11 along with the 

proposed development for capital terminal operations. 

Abstract of Cost for Shravati Fairway Development 

S.No. Item Description Amount  
(in Lakh Rs.) 

A Fairway   

1 Dredging    

(i) General Soil 1031.45 

(ii) Hard Soil 0.00 

2 Low Cost River Structures   

(i) Bandaling 0.00 

(ii) Bottom Paneling 0.00 

3 River Training Works   

(i) Spurs   

(ii) Bank Protection Works for river 0.00 

(iii) Porcupine   

4 Night Navigation 0.00 

(i) Channel Marking Buoy, Mooring Gear & Lighting  
Equipments   

5 Land Acquisition 0.00 
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Abstract of Cost for Shravati Fairway Development 

S.No. Item Description Amount  
(in Lakh Rs.) 

  Sub-total (A) 1031.45 

B Modification of Structures   

(i) Bridges 0.00 

(ii) Cables 0.00 

(iii) Dams 0.00 

(iv) Barrages 0.00 

(v) Locks 0.00 

(vi) Others 0.00 

  Sub-total (B) 0.00 

C Communication System 0.00 

(i) RIS Centre 0.00 

(ii) AIS Base Station 0.00 

(iii) Vessels - Survey vessel & Other Vessel 0.00 

(iv) Buoys 0.00 

  Sub-total (C) 0.00 

D Institutional Requirement   

(i) Office Development Cost 23.75 

  Sub-total (D) 23.75 

  Sub-total (A)+(B)+(C)+(D) 1055.20 

E Enviornmental Management Plan Cost @5% of 
Prime cost 

52.76 

F Project Management & consultancy Charges 
@3% of Prime cost 31.66 

G Contingencies and Unforseen Items of Works 
@3% of Prime cost 31.66 

  Project total Hard Cost 1171.27 

3.8.2.     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. The operation & Maintenance expenditure has been considered as at 

Annexure 11.1 and as per the industrial standards 
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.  

FIGURE 4.2: Sharavati River 

�x Primary Catchment Area 

In Uttara Kannada, there are 11 talukas, namely Karwar, Ankola, Kumta, 

Honnavar, Bhatkal, Sirsi, Siddapur, Yellapur, Haliyal, Joida & Mundgod. Karwar 

is the administrative headquarter and a developing city. Three talukas, 

Honnavar, Kumta and Bhatkal are closer to Sharavati river, so the proposed 

waterway could be used by only these talukas.  

Other talukas, which are far from the river would not consider using waterways 

on Sharavati. Talukas, which are located on the northern part of Uttara Kannada 

would prefer waterways on Kali river, which flows from the northern part of the 

district. 

�x Secondary Catchment Area 

Secondary catchment area consists of Hosanagar, Sagar, Shivamogga and 

Sorab talukas of Shivamogga district. Shivamogga has total 7 talukas, but only 

four talukas are closer to Sharavati river. In the catchment area of Sharavati 

river, there exist few small industries; however there exist industrial estates in 

Shivamogga. The following image shows the primary &secondary catchment 

area of the river and connectivity around it. 





 

P.010256-W-10305-006 Rev. 03 69/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

As seen in the above table, the talukas with higher population in Uttara Kannada, 

which are close to Sharavati river are Honnavar, Kumta & Bhatkal. The table does 

not include the talukas, which are far from the catchment area of Sharavati river. For 

example, Karwar taluka has 1,55,143 population, but it is close to Kali river; hence 

people of this taluka would prefer Kali river instead of Sharavati river. Apart from 

Karwar, the talukas in Uttara Kannada district, which are far from the catchment 

area of Sharavati river are Haliyal, Yellapur, Mundgod, Ankola, Siddapur & Supa. 

Secondary Catchment Area 

Secondary catchment area includes 3 talukas of Shivamogga district, which are 

located closer to Sharavati river. Detailed population of these talukas is given below 

TABLE 4-2: Taluka wise population of Shivamogga District near Sharavati 

Taluka Population 

Sagar 2,06,319 

Sorab 2,00,809 

Hosanagara 1,18,220 

 Total 5,25,348 
Source: Census, 2011 

As seen in the above table, the taluka with higher population in Shivamogga district, 

which is near to Sharavati river is Sagar. There are total 7 talukas in Shivamogga 

district, but for secondary catchment area, only three talukas are considered which 

are closer to Sharavati river than other talukas. The other 4 talukas of Shivamogga 

district have not been considered due to long distance from the river. 

4.2.2. Economic profile of Primary Catchment Area 

4.2.2.1  PRIMARY SECTOR 

Primary sector of Uttara Kannada district consists of Agriculture, Forestry, Fishing, 

Animal husbandry & Mining. 

The district has a significant fishing area and contributes more than 30 percent of 

fish catch in the state. A large population of the district is engaged in the MSME 

sector comprising of fish related processing foods due to 120 km coastline in the 

district. Local people are also engaged in the medicinal herbs segment due to more 

than 75% of forest area in the district. Livestock and poultry segments have also 

grown along with agriculture occupation. 
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Taluka 
Production (Thousand Tonnes) 

Milk  Meat  Egg Total production 
of each taluka 

Bhatkal 6.10 0.09 4.08 10.27 

Kumta 8.30 0.23 4.68 13.21 

Total 25.80 0.88 12.60 39.28 
Source: Perspective Industrial Development Plan 2013-17 
There is great demand for milk & milk products in Uttara Kannada district. With 

proper planning, training and market support, this industry could be developed. 

River transportation would take multiple handling and longer time. Hence, 

perishable items, including animal products could not be transported on 

waterways. 

d. Forestry 

30,71,833 hectares i.e., 16.1% of the total geographical area of Karnataka is 

covered by forests. The districts with largest forest area are Uttara Kannada and 

Shivamogga. 

Uttara Kannada district has a large proportion (around 80%) of its geographical 

area as forests. It is one of the few districts of Karnataka, which is densely 

forested. The types of forests found here consists of evergreen, semi- 

evergreen, moist deciduous, scrub and thorny and unwooded forests. Teak, 

Sissum (Rosewood), Nandi, Kindal, Jamba, Matti, Toon, Burga are the famous 

species of trees. Medicinal plants are also available in the vast thick forest. The 

following table shows the forest resources available in Uttara Kannada district. 

TABLE 4-6: Annual Extraction of Forest Resources in Uttara Kannada 

Products Annual Average Extraction Potential Reasoning 

Cashew 2,500 tonne �:  Seasonal product,  

less volume 

Cocum 200 tonne �:  Less volume 

Shikakai 120 tonne �:  Less volume 

Soap Nut 100 tonne �:  Less volume 

Honey 50 tonne �:  Less volume 

Cane 2,00,000 Nos. �:  Less volume 

Bamboo 5,00,000 Nos. �:  Less volume 

Source: Perspective Industrial Development Plan 2013-17 
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The yield rate of food grains of Karnataka State was 1,762 kg per hectares with 

Shivamogga in the second highest producer with 3,420 kg per hectares during 

FY 10-11. Haliyal, Mundgod & Sirsi are large producers of paddy. These talukas 

could be considered as the secondary catchment area. The other important 

crops grown in Uttara Kannada are sugarcane and groundnut. The other minor 

crops are Ragi, Jowar and pulses. The volume of agricultural products needs to 

be high to consider it as a potential cargo for waterways. 

TABLE 4-8: Principal Crops productions of Shivamogga (2009-10) 

Principal 
Crops 

Area 
(Ha) Production (T) Yield in kg. 

per Ha Opportunity Reasoning 

Paddy 1,33,259 4,79,487 3,788 �:  
Far from river; 
less volume 

Rice 1,33,259 3,19,806 2,526 �:  
Far from river; 
less volume 

Jowar 555 1000 1,897 �:  
Far from river; 
less volume 

Maize 69,481 1,99,932 3,029 �:  
Far from river; 
less volume 

Ragi 1,628 2,195 1,419 �:  
Far from river; 
less volume 

Total 3,38,182 10,02,420 12,659 - - 
Source: Census India 2011 

Shivamogga district is the Granary of paddy in Karnataka. Paddy is the most 

grown cereal crop in this district. Ragi, Maize and Jowar are the other principal 

cereal crops of the district. Shivamogga is the major producer of Areca nut in the 

State. Sugarcane, cotton, tobacco are the other cash crops. The other oil seeds 

crops grown in Shivamogga are groundnut, sesame and sunflower. Agricultural 

resources can be properly used for conversion into value added products.  

The volume of crops grown in Shivamogga is not much to be transported 

through waterways. At present, Roadways is used to transport the agriculture 

produce. Due to the long distance from the river and less yield, agriculture sector 

of secondary catchment area provides no opportunity for waterways. 

�x Horticulture 

Major forests in Uttara Kannada district are concentrated in Supa, Yellapur, Sirsi 

and Ankola talukas. These four talukas account for 57 percent of total forest 

area. Shivamogga district has 81,000 Hectares of land and it produces different 

horticulture products. The following table shows the major Horticulture produced 

in Shivamogga district. 
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TABLE 4-9: Major Horticulture annual production in Shivamogga District 

Horticulture 
Products Area (Ha) Production 

(T) Opportunity Reasoning 

Food Produce & 
spices 38,654 73,036 �:  Far from river; 

less volume 

Fruits 24,279 4,39,187 �:  Far from river; 
less volume 

Vegetables 9,140 1,00,920 �:  Far from river; 
less volume 

Commercial 
Crops 

9,002 3,140 �:  Far from river; 
less volume 

Total 81,075 6,16,283 - - 
Source: Zila Panchayat Shivamogga 

b. Sericulture 

In the secondary catchment area, sericulture is mainly implemented in Sirsi, 

Siddapur, Yellapur & Mundgod. Among these talukas, Siddapur produces the 

most, i.e. 5.6 tonnes cocoon. These talukas are far from the catchment area, so 

they could not be considered as a potential market for Sharavati waterways. 

Moreover, silk is a high value commodity and it needs proper handling and 

packaging for transportation. 

c. Animal husbandry 

The four talukas of Uttara Kannada constituting Malnad region, Siddapur, Sirsi, 

Haliyal, Mundgod and Yellapur are considered as potential area for dairy 

development; however, as these talukas are far from the catchment area, so the 

potential for transporting dairy products through waterways is not viable. In 

Shivamogga, there is scope for increasing the strength of cattle as there is 

demand for milk. 

d. Forestry 

The Teak of Dandeli area of Uttara Kanadda district is famous as the finest in the 

world. As Dandeli is closer to Kali river, so the forest products from this region 

would not use Sharavati river. 

Forests of Shivamogga district cover more than 30 per cent of the total area and 

yield valuable products. The district comprises of three forest divisions-Shimoga, 

Bhadravathi and Sagar. About 80 per cent of these forests belong to the moist 

deciduous category. Evergreen forest and dry deciduous forest accounts for 

about 9 per cent and 7 per cent respectively.  
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The timber yields from evergreen forest are used for the manufacture of electric 

poles and railway sleepers. The deciduous forest supply timber, firewood, 

charcoal, bamboo, soft wood and sandal wood all of which are of great economic 

value. Variety of Areca nut is an important cash crop of Shivamogga. The district 

is also noted for coconut gardens. The kan forests of Central Western Ghats of 

Karnataka, specially Shivamogga district are most often climax evergreen 

forests. 

 Large chunks of kan lands were allotted to the Mysore Paper Mills for raising of 

pulpwood plantations, especially in Shivamogga district. The Bangalore- 

Honnavar National Highway passes through Shivamogga. The Hospet- 

Mangalore National Highway passes through Thirthahalli and Agumbe towns. 

Timber and other forest products of the secondary catchment area could be 

transported by using roadways to the nearest landing point of Sharavati river. 

From there they could be moved ahead using bargese  

e. Fisheries 

The fish catch of talukas in secondary catchment area are Ankola (23,140 

tonnes), Siddapur (56 tonnes) and Sirsi (93 tonnes). Ankola has 6 ice plants and 

2 cold storages.  

Shivamogga has potential for inland fishing. By using cold storage facilities and 

proper packaging, the fish catches and fish products of this district could be 

transported by roadways and then through waterways. However, volume of fish 

catch needs to be high to transport it through waterways. At present, the volume 

is not much, so it presents no opportunity for waterways. 

f. Mining & quarrying 

Ankola and Yellapur talukas of Uttara Kannada are located in the secondary 

catchment area. Iron Ore occurs in these talukas. The extensive reserves are 

located in Bisgod, Kalche and Kadlagadde areas of Yellapur taluka and 

Kuntagani area of Ankola taluka. 

The major minerals found in Shivamogga district are Iron ore, Manganese ore, 

Chromites, Quartz and Clay.Other minerals namely Quartz, Dolerite, Lime Shell 

and Lime Kankan are available in a minor quantity. These minerals are in less 

quantity; hence they provide less opportunity for Sharavati waterways 
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4.2.2.4  INFRASTRUCTURE ANALYSIS 

Infrastructure is a crucial aspect in the development of a region. It is essential to 

understand various types of infrastructure around river and new development that 

would become support-connecting waterway with other modes of transportation. 

4.2.2.5  CONNECTIVITY ANALYSIS 

Existing and upcoming facilities of Railway, roadway and airports around the 

waterway help to analyze various ways through which cargo and passengers could 

be evacuated. It also helps to determine best multimodal route for transporting 

cargo and passengers. Following table depicts connectivity around Sharavati river.  

Apart from local and state highways, NH 66, NH 206 and NH 4A are the major 

national highway passing through this river. At present Mangalore & Bangalore 

Airport are the two nearest airports from Uttara Kannada & Shivamogga.  

Sharavati river basin & the industries in its vicinity are also connected to Indian 

Railway network by Konkan Railway. The strong local & regional connectivity of Rail 

& Road network poses a threat for the development of inland water transport, 

unless otherwise effectively utilized for IWT mobility. 

TABLE 4-10: Connectivity from Uttara Kannada & Shivamogga Districts 

District National 
Highways 

Nearest Airport Sea Port/ 
Distance (KM) 

Railway 

Uttar 
Kannada 

NH 66, connecting 
Goa Border to 
Bhatkal Border 

Goa (International) Goa / 100 Konkan Railway, 
Railway route length 
of 176 KM passes 
through the district  

NH 4A, 
connecting 

Karnataka border 
to Panaji, Goa 

Hubbali (Domestic) Karwar/ 153 Nearest Railway 
Station- Honnavar  

NH 206 (NH 69), 
connecting 

Tumkur, KA to 
Honnavar  

Belagavi 
(Domestic) 

Mangalore/ 275   

  Mangaluru 
(International) 

    

  Bengaluru 
(International) 

    

Shivamogga NH 206 (NH 69), 
connecting 
Tumkur & 
Honnavar 

Kempegowda 
(International) 

Mangalore/ 206  Train from 
Shivamogga to 

Bangalore & Mysuru. 

  Shivamogga Airport 
(Under 

construction) 

Karwar/ 253   
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Gerusoppa	

There exists another dock, Mavinhole Dock, which is 1.7 km away from Samshi. 

Like Samshi, Idagunji also is located on the other side of the river. These villages 

have access to NH 66, but there are hilly forest areas which lie between National 

highway and Sharavati River. Idagunji is a tourist place. It is hilly forest area and 

there is scarcity of Plain lands here for any infrastructure development. 

Ferries ply between Idagunji- Jalwali for passengers. These passengers cross the 

river to go to the villages located on either side of the river. 

At Gerusoppa also, there is a small landing point, which is used by country boats. 

The surrounding region has tourism potential; hence this point could be developed 

as a passenger terminal to cater passenger boats.  

FIGURE 4.6: Landing Point at Gerusoppa, Sharavati River 

d) Bridges 

 

FIGURE 4.7: Edapally-Panvel Highway Bridge on Sharavati River at Honnavar 

Edapally- Panvel Highway Bridge- This bridge is built over Sharavati river at 

Honnavar. 
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FIGURE 4.8: Edapally-Panvel Highway Bridge on Sharavati River 

Haigund Island Bridge- This bridge is under construction, which connects famous 

tourist place Haigund Island with Heragaddi village in Honnavar taluka. Once this 

bridge becomes operational, Haigund Island would be easily accessible by locals 

and tourists. 

 

FIGURE 4.9: Haigund Island Bridge 

The following image shows a suspension bridge, which connects Upponi village to 

Kudrigi village in Honnavar taluka. This bridge does not have breadth to 

accommodate four wheelers; however, it could be used for two wheelers and 

pedestrians. 
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following map shows the existing industries on the primary and secondary 

catchment area of Sharavati River. 

 

FIGURE 4.11: Industries Located on the Primary & Secondary Catchment Area 

Uttara Kannada is rich in natural mineral water and forest resources. Hence, there 

exist many micro & small enterprises and artisan units in this district. The following 

table presents a list of micro and small industries and artisan units in Uttara 

Kannada district. 

TABLE 4-11: Micro & Small Enterprises and Artisan Units in Uttara Kannada District 

Industry Uttara Kannada 

No. of Units 

Wood/wooden based furniture  1,235 

Agro based  1,102 

Engineering units  565 

Metal based (Steel Fab.)  578 

Chemical/Chemical based  303 

Ready-made garments & embroidery  455 

Paper & Paper products  208 

Leather based 120 

Rubber, Plastic & petro based  106 

Others 3,698 

Total 8,370 
Source: Ministry of MSME, Government of India 
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handicraft artisans produce sandalwood and rosewood articles and other precious 

articles, which have great demand in domestic and international market. There is also a 

sandalwood oil extraction factory and a sugar factory in Shivamogga City. The following 

table presents a list of micro and small industries and artisan units located in 

Shivamogga district. 

TABLE 4-14: Micro & Small Enterprises and Artisan Units in Shivamogga District 

Industry Shivamogga 

No. of Units 

Wood/wooden based furniture  1,650 

Agro based  2,505 

Engineering units  1,300 

Metal based (Steel Fab.)  240 

Chemical/Chemical based  190 

Ready-made garments & embroidery  1,500 

Paper & Paper products  410 

Leather based 740 

Rubber, Plastic & petro based  281 

Others 3,332 

Total 12,148 

Source: Ministry of MSME, Government of India 

Most of the industries located in Shivamogga are small scale and not EXIM based. 

There exist edible oil production industries, like palm oil, groundnut oil, coconut oil 

plants. Edible oil industry would likely grow in coming years, which could be an 

opportunity for waterways. However, oil could not be transported in bulk form. 

4.2.4. Traffic from Major & Non Major Ports 

This section discusses the opportunities for waterways with respect to Major and 

Non-major ports located in the region. This section would discuss the strategic 

location and infrastructural advantages of the ports in brief. There are very few 

industries located nearby the bank of Sharavati River and they do not have large 

volume of cargo that they could use waterway for transportation.   

The two districts in the catchment area of Sharavati River, Uttara Kannada and 

Shivamogga have one major port New Mangalore Port in their vicinity.  The non-

major ports are Karwar Port and Honnavar Port. Mormugao Port of Goa is also not 

very far from the catchment area. Karwar port and Honnavar port lacks 

infrastructure facility compared to New Mangalore Port & Mormugao port. The 



 

P.010256-W-10305-006 Rev. 03 91/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

0 

5 

10 

15 

20 

25 

30 

35 

40 

FY 05 FY 06 FY 07 FY 08 FY 09 FY 10 FY 11 FY 12 FY 13 FY 14 FY 15 FY 16 

( M
illi

on
 T

on
ne

s)
 

POL Coal Other Liquids Container 

Fertilizer (Dry & Liq) Iron Ore Dry Bulk Cement 

Break Bulk Food Grains Iron & Steel 

Government has proposed to develop Karwar and Honnavar ports along with other 

ports of Karnataka. 

a. Non major Port in Primary Catchment Area 

Honnavar Port  

In the year 2014-15, 0.65 MMTPA of cargo handled at all nine Non-major Ports in 

Karnataka, the cargo handled at Honnavar Port was Nil. At present, no cargo is 

handled at Honnavar Port; hence there is no possibility of moving the 

unloaded/loaded cargo from/to the port from this River. However, when Honnavar 

port is developed, it has potential to handle cargo, like Steel, Sugar, Fertilizer, Coal, 

Iron Ores, Molasses & Edible Oil. 

b. Major port in Secondary Catchment Area 

New Mangalore Port 

The major commodities exported through New Mangalore port are Iron ore Pellets, 

POL products, Granite, Stones, Coffee and Containerized cargo. The major imports 

of the port are Crude and POL products, LPG, Coal, Limestone, Timber logs, Wood 

pulp, Finished fertilizers, Liquid Ammonia, Phosphoric Acid, Other Liquid 

Chemicals, Edible oil, Cashew and Containerized cargo. 

(Source: Indian Port Authority) 

FIGURE 4.12: Commodity wise historic Traffic handled at NMPT 

TABLE 4-15: Commodity wise Imports of NMPT (mn T) 

Commodities FY 12 FY 13 FY 14 FY 15 FY 16 

POL 15.6 16.5 16.8 16.2 18.2 

Other Liquids 0.7 0.7 0.6 0.7 0.8 
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Iron Ore 1.2 1.5 1.7 1 0.1 

Fertilizer 1 0.7 0.7 0.9 1 

Coal 4 6.9 8.3 8.1 6.3 

Cement 0.3 0.3 0.2 0.3 0.4 

Dry Bulk 0.3 0.2 0.3 0.4 0.4 

Break Bulk 0.4 0.3 0.3 0.1 0.1 

Container 0.3 0.3 0.4 0.5 0.6 

Total 23.7 27.3 29.3 28.3 28 
Source: Indian Port Authority 

TABLE 4-16: Commodity wise Exports of NMPT (mn T) 

Commodities FY 12 FY 13 FY 14 FY 15 FY 16 

POL 6.6 7.8 7.9 6.8 5.7 

Container 0.4 0.4 0.4 0.4 0.5 

Iron Ore 1.9 1.1 1.5 0.5 0.4 

Food Grains 0.1 0.2 0.1 0 0 

Others 0.2 0.2 0.2 0.4 0.9 

Total 9.3 9.7 10.1 8.2 7.6 
Source: Indian Port Authority 

Ratio of Imports to Exports at New Mangalore Port was 3:1 in 2015-16. Total traffic 

handled at the port has reduced to 35.6 MTPA in 2015-16 from 36.5 MTPA in 2014-

15. The major drop was reported in iron-ore traffic and also in crude oil imports. 

�x Karwar Port 

Presently Karwar port handles Import & Export of about 24.88 lakhs M.Tons of 

various commodities and earn a revenue of 11 to 12 crores.  

 

FIGURE 4.13: Cargo handled at Karwar Port 



 

P.010256-W-10305-006 Rev. 03 93/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

TABLE 4-17: Commodity wise Imports/Export of Karwar Port (mn T) 

Import Commodities FY 12 FY 13 FY 14 FY 15 FY 16 

POL 24 66 115 176 235 

Chemicals 93 102 75 127 158 

Food Grains 26 42 64 33 53 

Building Material 3 0 0 0 0 

Total Import   146 210 261 336 446 

Export POL 0 5 0 0 0 

Food Grains 144 171 113 189 2268 

Building Material 202 54 4 0 0 

Others 6 0 0 0 0 

Total Export   352 230 117 189 2268 

Source: Karwar Port Office 

The state Government has decided to start container handling facility at Karwar 

Port. However, Karwar Port could not be considered for any trade via Sharavati 

river due to its long distance from the river.  

4.3. Commodity Composition 

As bulk commodities in the catchment area of Sharavati river is less in volume, so 

transportation through waterways would not be viable for movement of bulk 

commodities like minerals. 

4.3.1. Minerals of Primary Catchment Area 

There exist mineral reserves in Uttara Kannada district. The table below shows the 

availability of ores taluka wise in Uttara Kannada district, which exist in the 

catchment area of river. 
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TABLE 4-18: Ores Availability in Uttara Kannada 

Mineral  Reserves Talukas Opportunity Reasoning 

Iron Ore 20 MMT Honnavar, Ankola, 
Kumta, Bhatkal  �:  

Less volume, Ankola is 
far from river  

Mangane
se 

15 MMT Supa, Yellapur, 
Sirsi, Kumta, 
Ankola 

�:  
Less volume, Far from 
river  

Bauxite - Bhatkal  �:  
Less volume 

Clay - Supa, Bhatkal, 
Honnavar, Yellapur �:  

Less volume, Supa, 
Yellapur are far from river  

Lime 
Stone 

- Supa, Yellapur, 
Kumta �:  

Less volume, Supa, 
Yellapur are far from river  

Beach 
Sand 

- Bhatkal, Honnavar  �:  
Less volume, consumed 
locally 

Building 
Stone 

1,28,083 MT Supa, Haliyal, 
Yellapur, Mundgod, 
Ankola, Honnavar, 
Bhatkal 

May be Building stones are cut in 
brick size for building 
purpose and could be 
transported by waterways 

Source: Perspective Industrial Development Plan: Uttara Kannada 2013-17 

Minerals found in Uttar Kannada District are Iron Ore, Manganese Ore, Asbestos, 

Silica sand, Kaolin, Lime stone, Pyrites, Quartz, Building stones etc. covered in an 

area of about 5,360 sq km Table 4 18. 

Following mineral extraction points are near Sharavati catchment area. 

�x Iron Ores: A reserve of 95.26 million tonnes of float and reef ore iron 

deposits are located in Sarkanda (Honnavar Taluka), Bisgod area (Yellapur 

taluka), Kalche (Yellapur taluka), Kumta taluka, Kodalgadde (Yellapur 

taluka) Kuntgani area (Ankola taluka) and Bhatkal. 

�x Manganese: In Kumta taluka, Manganese reserves are located. 

�x Bauxite: Aluminous laterite is found about 4 miles south of Honnavar 

adjoining the Honnavar Bhatkal Road. Bauxite reserves are located in 2 sq. 

miles at Mundalli and Taglod villages near Bhatkal. 

�x Clay: Deposits of China Clay (Kaolin) is available at Hadinbal village of 

Honnavar taluka and Venkatpur & Bhatkal of Bhatkal taluka. 

�x Beach Sand (Glass Sand): Beach sand is available at one mile west of 

Haladipur at Honnavar taluka.  

�x Lime Shell: In Kumta taluka, lime shells are extracted from Tadri. 

The volume of minerals available in the catchment area is less; hence it provides no 

opportunity for waterways. 
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TABLE 4-19: Production of Mineral in Shivamogga District 2010-11 

Mineral Production 
(MT) 

Taluka Opportunity Reasoning 

Building Stone 53,910 Shivamogga �:  
Far from river  

Building Stone 25,870 Hosanagara �:  
Less volume, Far from river  

Building Stone 10,485 Sagara �:  
Less volume, Far from river  

Laterite 3,460 Sagara �:  
Less volume, Far from river  

Building Stone 20,360 Soraba �:  
Less volume, Far from river  

Total 1,14,085 -   -  - 

Source: Ministry of MSME, Government of India 

The major minerals found in Shivamogga district are iron ore, manganese ore, 

chromites, quartz and clay. There exist minerals like Limestone & Building stone in 

Bhadravati taluka, Manganese & Building stone in Shikaripura, China clay in 

Thrithahalli, but they are located far from the catchment area of Sharavati river, so 

they provide no opportunity for waterways. Minerals produced in Shivamogga, 

Hosanagara, Sagara and Soraba are low in volume, so they also provide no scope 

for the proposed waterway. 

4.3.3. Food Grains 

About 5.6 lakh MT of food grains, comprising of Paddy, Pulses, oil seeds and 

commercial crop of Sugarcane is produced in Uttara Kannada district. However, 

only 13,500 MT crop (Paddy & ground nut) is produced in Honnavar taluka, which is 

less volume and is unlikely to move through Sharavati River. Following table shows 

the annual production of major grain, paddy, ground nut and commercial crop 

Sugarcane in the three talukas on the catchment area of Sharavati river. 

TABLE 4-20: Major Crop Production in Sharavati catchment area (2014-15) 

Taluka Production (tonnes) (hectors) 

Paddy Ground Nut Sugarcane 

Honnavar 12,948 477 2,204 

Bhatkal 11,906 574 771 

Kumta 15,580 838 5,235 

Total 40,434 1,889 8,210 
Source: Uttara Kannada District at a Glance 2014-15 
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TABLE 4-22: Population living in villages along Sharavati catchment Area 

Taluka Area Sq Km Population 

Honnavar 754 1,66,264 

Kumta 589 1,54,280 

Bhatkal 351 1,61,576 

Total 1,694 4,82,120 
Source: Uttara Kannada District at a Glance, 2014-15 

�9 After Honnavar, Sharavati River is surrounded by hills and valleys; hence it is 

unlikely that passengers would use waterways for transportation.  

�9 Between Samshi and Upponi villages, there exists a ferry line, which is used 

by passengers to cross the river. At present, a suspension bridge is developed 

here to connect these two villages. Since the bridge became operational, less 

passengers use the ferry service. At present, the ferry service caters around 

25-30 passengers everyday.  

�9 At Idagunji and Gerusoppa also people use ferries to cross the river. During 

site visit, it was observed that there exist 2 ferries in Gerusoppa, which make 

frequent trips on the river. Gerusoppa ferry service caters around 100 

passengers daily. These passengers from nearby villages could be included in 

potential passenger traffic. 

4.6. Tourism Traffic 

Tourism Traffic of Primary Catchment Area 

As per the information gathered from Ministry of Tourism, Karnataka accounted for 

4.95 percent of the total foreign tourists visiting India during the year 2006 and 

ranked 8th among all the Indian states. In the case of domestic tourist, the overall 

contribution is 8.14 percent.  

There are several tourist potential spots in the catchment area of Sharavati River 

and some of them can be connected through water transportation. As per the study 

on Development of IWT in Karnataka carried out by Directorate of Ports and IWT, a 

total of 2,500 tourists visited the tourist region of Sharavati River in 2005. Two 

tourist landing sites have also been proposed along Sharavati River at Haigund & 

Honnavar. 
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The tourist places near Sharavati river are listed in table below. Other famous 

tourist attractions in the region are little far from the river, but they could also be 

considered as potential market for passenger ferry. Some tourist places are located 

in Bhatkal and Kumta talukas; these talukas are considered as primary catchment 

area. However, due to the road distance (more than 25 km) from these tourist 

places to Sharavati river, these tourist spots are included in the tourism of 

secondary catchment area. 

The following table shows the famous tourist spots in the catchment area of 

Sharavati river and their distance from the taluka headquarter and Sharavati river. 

TABLE 4-23: Existing tourist attractions in Uttara Kannada nearby Sharavati River 

Taluka Tourist Spot Distance in KM 

from Taluka Head 
Quarter (KM) 

from Sharavati River 
(KM) 

Honnavar Sharavati Back Water 2 0 

Haigund Island 15 0 

Apsara Konda 10 4 

Idgunji Temple 11 2 

Kasarkod Beach 4 2 

Chandavar Church 30 1 

Shivamogga Sharavati Wildlife Sanctuary 28 19 

Sagar Jog Falls 28 19 

Linganamakki dam 29 22 

Kumta Dhareshwar Temple & 
Beach 

10 9 

Kagal Temple & Beach 11 23 

Mirjan Fort 12 25 

Source: Perspective Industrial Development Plan: Uttara Kannada 2013-17 
 

The districts of Uttar Kannada and Shivamogga have existing as well future 

opportunities for Nature Tourism, as these two districts are located in Western 

ghats and boast of dense forests, hills, valleys, waterfalls etc. Uttara Kannada 

district is hilly and has thick forests and a long coastal line, which attracts nature 

lovers.Honnavar taluka has great tourism importance.  

4.6.1. Sharavati Back water 

Sharavati Back water attracts tourists for its scenic beauty. The green hills and 

valleys are covered with thick forests. Traveling on passenger ferries on Sharavati 

waterway would give the tourists opportunity to have a closer look at these valleys 

and enjoy the beauty of nature. Leisure and water sport activities could also be 

introduced here to attract more tourists. 
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FIGURE 4.15: Sharavati Back Water 

4.6.2. Haigund Island 

Haigund is a beautiful island in river Sharavati. The island is formed just before the 

river joins in Arabian Sea. This island is located 3 kms from Honnavar Bangalore 

National Highway. The island is accessible from Adkar village and Kodani village 

through country boat. The sunset view from the island is breathtaking. According to 

the local authorities, the annual tourist traffic at this place is around 2500 in Fy 

2005.   

4.6.3. Jog Falls 

The well known and very famous Jog falls originate from the Sharavati River and 

are the second largest waterfalls in India. Jog Falls attracts most foreign tourists in 

the catchment area of Sharavati river. It has shown the highest growth in the total 

tourist arrivals in Karnataka in the last few years. The river is home to a much rare 

variety of flora and fauna. Following image shows Jog Falls at Sagar taluka of 

Shivamogga. 
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In Kumta, the density of tourists is high in Gokarna. As recent statistics is not 

available in the published documents, so year 2004-05 data could be considered to 

analyze the passenger traffic of Gokarna. In year 2004-05, only in first three 

months, the inflow of domestic tourists in Gokarna was 3,566 and foreign tourists 

was 3,765. Foreigners directly come from Panjim to Gokarna. 

TABLE 4-24: Existing tourist attractions in Secondary Catchment Area 

Taluka Tourist Spot 

Distance in KM 

from Taluka 
Head Quarter 

(KM) 

from Sharavati River 
(KM) 

Bhatkal Bhatkal Port Light House 4 27 

Bailur Beach 14 28 

Golden Masjid 2 30 

Murudeshwar Temple 9 31 

Kumta Gokarna Temple 24 42 

Om Beach 29 42 

Yana 26 39 

Sagar Gudavi Bird Sanctuary  41 45 

Hosagunda 34 56 
Source: Gazetter of India, Karnataka State, Shivamogga District 

There are some famous temples in Uttara Kannada, namely The Madhukeshwar 

Temple at Banavasi, Ulavi Channabasaveshwar Temple at Ulavi, Siddivinayaka 

Temple at Idagunji, Mahabaleshwar Temple at Gokarna, Mathobara Temple at 

Murdeshwar, Marikamba Temple in Sirsi. Jain Basti and Swarnawalli Math, Sonda 

Fort, Mirjan Fort etc. are famous for ancient monuments. Mosque at Bhatkal is also 

known for its marvelous designs. 

Shivamogga is a district rich with mountains, waterfalls, rivers and dams, which 

attract tourists from all over the country. Shivamogga district has several places of 

tourist interest and several waterfalls, like Jog Falls, Kunchikal Falls, Barkana Falls, 

Achakanya Falls, Vanake-Abbey Falls, Hidlamane Falls, Dabbe Falls etc. 

Shivamogga is also famous for religious and heritage structures in art and 

architecture and also has sufficient tropical jungles home to wildlife, including some 

endangered species.  

There are wildlife sanctuaries in and around Shivamogga, namely Tyarekoppa Lion 

Safari, Sakerbayalu Elephant Camp, Sharavati Wildlife Sanctuary, Bhadra Wildlife 

Sanctuary, Shettihallu Wildlife Sanctuary, Mandagadde Bird Sanctuary and Guduvi 

Bird Sanctuary. These wildlife sanctuaries have potential to attract domestic & 

foreign tourists.  



 

P.010256-W-10305-006 Rev. 03 104/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

4.6.6. Murudeshwar Temple 

The density of tourists is high in Murdeshwar in Bhatkal taluka. As recent statistics 

is not available in the published documents, so year 2004-05 data could be 

considered to analyze the passenger traffic of Murudeshwar. In year 2004-05, only 

in first three months, the inflow of domestic tourists in Murudeshwar was 15,163 

and foreign tourists was 549.  

 

FIGURE 4.17: Murudeshwar temple 

The domestic tourists mostly hail from Maharashtra and Kerala and they mostly use 

Konkan Railway. The contribution of Konkan Railway in the promotion of tourism in 

this region has been significant. The famous Murudeshwar Temple on 

Murudeshwar beach is situated at a distance of 25 km. from Honnavar and Bhatkal 

taluka. Following image shows Murudeshwar temple. 

4.7. Growth Trend 

4.7.1. Ro-Ro Traffic Growth 

NH-206 (Bangalore-Honnavar) runs parallel to Sharavati River. Accessible 

Roadways would present competition to the proposed waterway. There is no 

possibility to transfer bulk cargo through this river; hence there is no opportunity for 

Ro-Ro traffic in Sharavati river. 

4.7.2. Cargo Traffic Growth 

�9 The industries on the catchment area are very few with miniscule production; 

hence at present, there is no potential for cargo traffic from industries. 
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�9 The mineral reserves on the catchment area produce very less minerals. 

Other reserves do not extract ores as their volume is very less. Hence, there 

exists no potential for cargo traffic from minerals. 

4.7.3. Passenger Traffic & Tourism Traffic 

�9 After Honnavar, Sharavati river is surrounded by hills and valleys; hence it is 

unlikely that passengers would use waterways for transportation.  

�9 At present, there are ferry landing points in Samshi, Upponi, Idagunji and 

Gerusoppa, from where passengers use waterways for crossing the river 

everyday. These passengers use ferries to go to the villages, located on the 

other side of the river. Around 130 passengers use ferries everyday. Hence, 

passenger traffic would be around 39,000 annually (considering 300 

operational days) in Sharavati river. This passenger traffic would not provide 

opportunity for IWT as passengers use ferries for crossing the river, not for 

along the river movement.  

4.7.4. Tourism Traffic Growth 

�9 As per the study on Development of IWT in Karnataka carried out by 

Directorate of Ports and IWT & Rites Ltd., a total of 2,500 tourists visited the 

tourist region of Sharavati River in 2005.  

�9 Base year traffic volume is taken from aforementioned study and site survey 

done by us. This segment is unorganised, and no data is available with State 

Departments.  

4.7.5. FSR & DPR Comparison 

The below table shows identified commodities and potential they would provide for 

Sharavati river. Few commodities like Mineral, Fertilizer& Chemicals, Food grains, 

Fish, Horticulture products were considered as potential cargo for Sharavati river in 

feasibility study; however, in DPR stage, it was analysed that these commodities 

would not provide opportunity for the proposed waterway.  

The below table shows comparison of FSR and DPR study. Commodities that are 

considered for DPR are presented along with reasoning. Commodities, which were 

considered for FSR, but were not considered in DPR are also mentioned with 

reasoning.  
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Point B - The second terminal would be located at Gerusoppa. This terminal would 

be used by tourists arriving from or destined to nearby areas of Honnavar Port. 

 

(Source: Google Earth) 

FIGURE 4.18: Proposed Terminal Location  
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4.10. Conclusion 

�x During site visit and interaction with industries it was found that there is small/ negligible potential for 

cargo movement through waterways on Sharavati. 

�x As minerals that are extracted from Uttara Kannada & Shivamogga districts are very less in volume, so 

there exists no opportunity to transport them through Sharavati river. 

�x Very limited industries exist nearby river and the production of these industries are very low in volume; 

hence it is not commercially viable to transport those cargoes through river to some other places. These 

industries are small scale and not EXIM oriented. 

�x Fishing activities around the river is carried out by local fishermen and fish catch from these areas are 

consumed locally and distributed in neighboring districts. The volume is also low thereby do not hold 

export potential. However, fishing harbours in Honnavar and Bhatkal could provide opportunity to 

waterways, if the volume of fish increases. 

�x Tourism activities are there on the river that could be further developed. Due to long stretch and 

beautiful scenery around river, Sharavati river holds tourism potential. A good potential for Tourist 

movement exists in the River. There is bound to be a port led development in the area particularly 

tourism using waterway being most recognizable activity in the coming days. Only single ferry terminal 

at Gerusoppa has been suggested for all weather connectivity providing adequate safety to the users. 

No ferry terminal has been suggested at the side of Hannovar port, as tourists or passengers would 

continue to use same infrastructure. 

�x As of now, passengers may not use the proposed waterway for along the river movement due to 

availability of good road connectivity, which runs parallel to the river however passengers shall continue 

to use ferry services only to cross-over the river. In future, with promotion of waterways, passengers 

may use the proposed waterways for along the river movement to lessen the pressure on road as well 

as increased commercial activity after the development of port, which may be capable of bringing 

prosperity in the area. At present, infrastructure development for passenger services for tourism activity 

may only be considered.  



 

P.010256-W-10305-006 Rev. 03 111/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

Annexure 
 

4.11. Summary of Interviews 
TABLE 4-29 Interview Details 

Industry/Port  Contact Person Designation 

M.N. Chemicals Ltd. Shreedhar Patil Director Marketing 

Karnataka Soap & Detergent G. Mohan Kumar Director 

Pearlite Liners Raghudatt General Manager 

Shahi Exports 
Vinayak Hegde HR 

Vinay Bharti AGM 

Karwar Port Suresh S. Traffic Manager 

Honnavar Port 
Ferry Owners - 

Local People - 

Sharavati River 
Ferry Owners - 

Local People - 

Source: Site Visit 

Honnavar Port 

Name: Mr. Suresh S 

Designation: Traffic Manager, Karwar Port 

�x Mr. Suresh S, Taffic Manager of Karwar Port, provided information about the 

upcoming infrastructure development of Honnavar Port. He works with the 

members of Honnavar Port and an active participant for proposal of Honnavar port 

development. Mr. Suresh also shared the information that land has been 

sanctioned by the government to develop Honnavar port. 

�x Ferry owners in Honnavar port and harbour provided the information about Fishing 

and exports. They gave information that fish catch isexported to nearby districts by 

roadways. Fish are transported in lorries from Fishing Harbour of Honnavar. 

�x Local people of Honnavar gave the information that Tile industry had significant 

role in the economy of the region, but now all the major four factories of Honnavar 

had shut down their plants, due to unavailabilty of raw material and lack of market 

potential. 

Sharavati River 

�x The ferry owners at Upponi, Samshi provided the information about the facilities 

and rail/ road connectivity.  
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5.5. Berthing pontoons and pile system 

The berthing pontoons are floating steel structure supporting aluminum gangways, 

providing safe boarding/deboarding for passengers and vehicles in the operating 

range of water level and possess fenders and bollards for berthing and mooring of 

ferries. The size of the berthing pontoons is considered based on the requirement of 

tourist traffic and also based on the proposed ferry sizes that are going to operate at 

the terminal.  

Considering the above criteria, 30m (long) and 8m (wide) berthing pontoons are 

provided. The ferry terminal is proposed with one (1) numbers of berthing pontoons. 

The following figure shows general arrangement of berthing pontoons at high water 

level and low water level. 

 

 
FIGURE 5.2: General arrangement of berthing pontoon at Low Water Level  
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FIGURE 5.3: General arrangement of berthing pontoon at High Water Level 

 

BERTH OCCUPANCY AND BERTHING PONTOON REQUIREMENTS: 

The number of berthing pontoons to be provided is evaluated based on the berth 

occupancy of the vessels and traffic requirements. 

The berth occupancy of the vessels and traffic are considered with respect to the 

vessel turnaround times and traffic requirements respectively as described below: 

5.6. Vessel Turnaround Time: 

Turn Around Time (TAT) for the Inland Navigation is the most critical analysis, 

involving many practical issues, linked with the Fairway constraints; Terminal 

Operational Constraints; Availability of Day / Night Navigation system; Vessel speed 

etc. 

The navigable stretch of River Sharavati (NW-90), between Honnavar Port and up 

to D/s of Gerusoppa Dam, is 25.2 Kms. The table below shows the calculation and 

assumptions considered to arrive at Turn Around time for single vessel at defined 

25.2 km stretch of River Sharavati (NW-90) carrying passengers.  

TABLE 5-2 : Turn Around Time Calculation for Single Vessel 

Sl 
No. 

Parameters Unit Honnavar to 
Gerusoppa 

1 NW-90 Stretch Km. 25.2 

2 Traffic Type Proposed Type Passengers & Tourists 

3 Terminal Proposed Type Passenger upgradable 
for Ro-Pax 
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Sl 
No. 

Parameters Unit Honnavar to 
Gerusoppa 

4 Embark / Disembark (both 
side) 

Mins 30 

5 Total Handling Time  Mins 30 

6 Average Sailing Speed Knots 10 

7 Sailing Time  Mins 80 (1 Hr 20 Mins) 

8 Total Turn-around Time 
(trip/voyage) Mins 216 (3 Hrs. 36 Mins) 

 

Based on the above assumptions, a vessel loaded with passengers would take at 

least 3 hours to reach from one terminal to another. Vessel speed and operational 

time consumed at terminal and in transit are the primary influencing factor of 

turnaround time. 

5.7. Traffic Requirements: 

The number of vessels required to handle projected passenger and tourist traffic on 

the defined 25.2 km of NW-90. Below listed are the relevant factors are considered 

to arrive at the requirement of number of vessels. 

�ƒ Nature and Type of Traffic 

�ƒ Fairway Length (distance between proposed terminals) 

�ƒ Physical Hindrances 

�ƒ Vessel Capacity 

�ƒ Permissible Speed 

�ƒ Operational (Days & Hours), etc. 

The table below shows the assumptions considered to arrive at vessel calls and 

number of vessels required to cater to the projected traffic till FY-45. 

TABLE 5-3 :   Assumptions for Calculating Vessel Requirement 

Sl 
No. 

Parameters Unit Honnavar to 
Gerusoppa 

1 Operational Days Days 300 

2 Daily Operational Hours. 8 

3 Carrying Capacity No. 30 Pax. 

4 Vessel Speed Nm. / km. 10 / 19 

5 Loading and Unloading Time Mins 30 
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Sl 
No. 

Parameters Unit Honnavar to 
Gerusoppa 

6 Chainage (Honnavar to 
Gerusoppa)  

Km. 25.2 

7 
Total Turn Around Time 
(trip/voyage) Mins 216 (3 Hrs. 36 Mins) 

Based on the above assumptions, number vessels required on the NW-90 is 

represented in the table below. One vessel of 25 - 30 Pax carrying capacity is 

sufficient enough to accommodate the projected traffic on NW-90 from Honnavar to 

Gerusoppa. 

TABLE 5-4 : Number of Vessel Requirement 

 

The above calculation concludes that 1 passenger ferry is adequate to handle 

projected passenger traffic on River Sharavati (NW-90) till FY45. Requirement for 

additional vessel would not arise in this period of time. As shown in the table above, 

proposed vessel will require to make single trip daily to cater to the projected traffic. 

It takes around 3 hours to complete one trip. If in future traffic increases beyond the 

projected, the proposed vessel can make up to 2 trips every day. The river is 

proposed to be developed for tourism, hence night navigation is not required. 

5.8. Gangway  

The gangway bridges the gap between the approach trestle/bank seat and the 

berthing pontoons. The gangway are aluminum truss elements formed with box 

sections and enclosed built-up sections. The terminal is provided with one gangway 

arrangement for access to the berthing pontoons.  

The end points are hinged at one end and are provided with roller supports the 

other end. The roller supports allow the slope of linkspan to vary with the fluctuation 

of water level. Hence when the water level is at HFL (3.13m RL), the gangway are 

near horizontal and when the water level is at LWL (1.13m RL). A pictorial view is 

shown in the figure below. 
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FIGURE 5.4: The Artistic View of Pontoon and Gangway Arrangement 

5.9. Bankseat 

The bankseat is a pile supported deck structure that supports the gangway at the 

hinged end. The proposed bankseat structure is 6.6m wide and 4.0m long. The 

following figure shows typical arrangement of the bankseat structure. 

 

FIGURE 5.5: General arrangement of Bankseat 
The pile forces and the proposed stiffnesses to resist the forces are the key factors 

for pile spacing and rake angle. Based on these factors the dimensions of deck 

structures of dolphins and Bankseat has been finalized. 
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FIGURE 5.10: Terminal building: - Elevation 

 

FIGURE 5.11: Terminal building: - Zoning Plan 

5.13. Land Details  

Apart from all the technical requirement for operation of ferry services, Land 

Availability is considered the main criteria for finalisation of terminal building. The 

connectivity to the proposed terminal location is through main road The Land area 

identified is as below:   
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TABLE 5-6 : Terminal Land Details 
Coordinates (UTM) N/E 1574194.5 462217.25 

Coordinates (DMS) N/E 14°14'20.64"N 74°38'59.16"E 

Village Saralagi 

Taluka Gerusoppa 

District Uttara Kannada 

State Karnataka 

Nearest Town Gerusoppa 
Distance of town (km) 1km 

Land use Barren land 

Ownership State Govt revenue Deptt land 

Water Distance on edge 
Nearest Road NH-206 

Road Distance (m) 500 

Nearest Railhead Honnavar 

Railhead Distance 35km 

Nearby major Structure none 

Terrain - 
Soil/Subsurface strata Gravely, bouldery sandy strata 

Surveyed Area (Approx)  50289 

 

5.14. Geotechnical Investigations 

The project/selected site falls under Survey of India toposheet No 48J. The area is 

habited, and locality is having a spread with the villages of Molkad; Mandalaurve; 

Upponi and Gerusoppa. The study stretch has been observed with thick vegetation 

cover along with Mangroves to a mojor extent on the river bank, on both the sides.  

Most of the surrounding area is occupied by overburden material comprising of 

mixed material like sand, gravels, boulders, concrete fragments, broken rock blocks 

(used for stone pitching) etc. The project/surrounding area has undulating 

topography having variations in elevation from 17m to 22m. 

5.14.1.   Regional Geology  

The area is characterised by extensively developed laterites on both Archaean as 

well as Tertiaiy litho units. The area (Dakshina Kannada coastal tract) forms the 

westernmost part of the Western Ghat Belt (also termed, West Coast Belt) of 

Karnataka craton. The Western Ghat Belt could be divided into two divisions based 

both on physiography as well as geology: (1) the Western Ghat proper and (2) the 

coastal tract. 
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The Western Ghat proper is a mountain like terrain having a scarp of more than 

1000 m facing the west. The folded rocks of Dharwar Supergroup consisting of mica 

schists, gametiferous mica schists and contemporaneous traps with subordinate 

quartzites (i.e. metavolcanics with interbedded quartzites over the basal oligomict 

quartz-pebble conglomerate) and hematite-magnetite-quartzites resting on the 

uneven surface ofthe Archaean granitoid gneisses, having the beds tilted to north 

are exposed Y (forming many terraces) along the scarp and highlands of the Ghat 

(Ramakrishnan and Harinanda Babu, 1981). The ironstones (hematite-magnetite-

quartzites) of the Bababudan Group form some of the precipices of the Ghat. 

Domes/batholiths of Peninsular Gneiss form some ofthe foothills ofthe scarp.  

In contrast, the coastal tract of Dakshina Kannada, between the shoreline and the 

Ghat scarp is devoid of Younger Greenstone cover and it mainly reveals extensively 

developed Peninsular Gneiss. The geological map of the area is given in Figure 

5.12 and the stratigraphic sequence as Table 5.7. 

 

FIGURE 5.12: Geological Map of Karnataka 
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TABLE 5-7 : Stratigraphic Sequence of Karnataka Craton 

 

5.14.2. Physical Condition and Drainage 

The major physiographic divisions of Karnataka State are the Deccan plateau, the 

hill ranges and the coastal plain. Based on their geographic location, they are sub-

divided into four regions viz., a) South Deccan plateau, b) Western Ghats, c) 

Eastern Ghats, and d) West coast plains. The South Deccan plateau covering an 

area of about 158 lakh ha. is divided into malnad and maidan regions. Malnad, a 

transitional zone between the Western Ghats and the maidan, is an area of rolling to 

undulating uplands with many valleys. It covers an area of about 62 lakh ha. in the 

districts of Belgaum, Uttara Kannada, Dharwad, Shimoga, Chikmagalur, Kodagu 

and Hassan. Maidan has a rolling surface with gentle slopes and occasional 

monadnocks. The highest surface is located in the South-Western part of the State 

and the lowest in the valleys of the Tungabhadra and Hagari rivers. 
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The study area is featuring marine, fluvio- marine, fluvial and denudational 

geomorphic unit. The eastern part forms the denudational hills of Western Ghats. 

The coastal lands form good aquifers and yield water in abundance.  

Major morphometric/ morphotectonic units are coastal plains, a few small lateritic 

plateaus and the remaining areas are dotted with hillocks of both regional and 

structural types. Coastal plains covered with recently formed unconsolidated sand 

and clay are with high permeability and low in bearing capacity and poor in 

foundation characters, whereas crystalline rocks posses high to moderately high 

compressive strength and desirable foundation characteristics. 

Sharavathi River is one of the west flowing rivers of Karnataka. The river basin 

comes under the two districts namely Shimoga and Karwar (called Uttara Kannada 

till recently). Two taluks in Shimoga district (viz., Sagar, Hosanagara) and three 

taluks in Karwar district (viz., Honnavar, Kumta, Siddapur) constitute the study area 

of the basin. The river rises at Ambuthirtha near Kavaledurga in Thirthahalli and 

flows in a northwesterly direction and receives Haridravathi river on the right (below 

Patterguppe) and Yenneholé on the left above Bharangi. Of a due course of 131 km 

in journey, the river receives a series if small tributaries like Nagodi, Kalkatte hole, 

Mavinahole, Hadinabal, Bhaskeri, Gudankatte hole, etc. Near the border of the 

Shimoga district, it bends to the west and hurls down near Jog from 255 m height. 

This river has a catchment area of approximately 2,784 sq. km. The river 

confluences the Arabian Sea at Honnavar in Uttara Kannada district.   The drainage 

pattern of the area is mainly dendritic, sub-dendritic and trellis (Figure 5.13). 
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FIGURE 5.13: Drainage Network of River Sharavati 

(Source:  Sahyadri Conservation Series: 22, ENVIS Technical Report: 52, Nov. 2012) 

5.14.3. General Geology and Stratigraphy  

The rocks types of the district could be classified into (i) high grade schists of Sargur 

Group, (ii) migmatites, granites and gneisses of Peninsular Gneissic Complex and (iii) 

metal volcano-sedimentary sequence of Bababudan Group. Extensive lateritisation 

during the Tertiary Quaternary period has given rise to 15-20 m thick cappings of 

laterite on all the Iithounits in the district. Coastal sands and "Teri" sands are seen in 

the coastal plains as parallel sand flats consisting of coarse sands mainly of quartz 

with limonite coating (Figure 5.14). 
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FIGURE 5.14: Rock and Mineral Map of Dakshin Kannada, Karnataka 

(Source: National Atlas & Thematic Mapping Organisation, Geological Survey of India) 

5.14.4. Sub-surface Investigations 

TABLE 5-8 : Summary of Drill holes 

Sl 
No. 

Hole 
No. 

Location Drilled 
Depth 

(m) 

Depth Thickness 
(m) 

Description 
of Strata 

Remarks 

From 
(m) 

To (m) 

1. BSH-1 

On Right 
bank of 

Sharavat 
River 

18.00 

0 10.35 10.35 Reddish 
silty 

Gravelly 
sand 

 

10.35 14.95 4.6 Grayish 
Hard sandy 

clay 

14.95 18.00 3.05 Grey, 
highly-

moderately 
weathered 

Granite 
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The preliminary design has explained in the chapter 6. (Refer Volume-II Drawing 

No. P.010256-W-20309-A06)  

Note: The above berthing structure has been considered based on the Preliminary 

Designs, as advised. Before taking up the work in the site, Detailed Engineering / 

Design are to be considered. 

5.17. Terminal Costing 

5.17.1.   Capital Cost 

The Capital Cost for the fairway has been considered in Chapter 11 along with the 

proposed development for Ferry Terminal facilities at the defined location. The 

Capital Cost of termainal works out to be about 8.95 Crores. 

5.17.2. 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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Impermeable spurs do not permit appreciable flow through them whereas 

permeable ones permit restricted flow through them. Impermeable spurs are 

constructed of a core of sand or sand and gravel or soil as available in the river bed 

and protected on the sides and top by a strong armor of stone pitching or concrete 

blocks. Spur-dikes can be constructed from gabions mattresses which may be 

economical form of construction when the required stone sizes are available from 

the river bed. 

 

FIGURE 6.1: Different types of Spur 

General Design Considerations 
Layout of Spurs  
Spurs are much more effective when constructed in series as they create a pool of 

nearly still water between them which resists the current and gradually accumulates 

silt forming a permanent bank line in course of time. In general, in the T-shaped 

spurs, greater length of the cross spurs projects upstream and a smaller portion 

downstream of the main spurs. Typical plan view of system of spur-dikes is shown 

in below Figure. 
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FIGURE 6.2: Plan view of system of spur-dikes constructed to control and stabilize the erosion of 

the outer band 

Spacing  
Each spur protects only a certain length. The stability of eddies is govern by the non- 

dimensional spur ratio, esp., which is ratio of the head loss in the river between two 

spurs, U2 SSP / (C2 h) (m), to the velocity head U2 
 / (2g) (m) of the river. 

Where,  
U = depth-averaged velocity (m/s) 
SSP = spacing between spur-dikes (m) 
C = Chezy coefficient of the river (m0.5/s) 
h = cross-sectional average water depth of the river (m) 
eSP = (2g SSP) / (C2 h),  
eSP should never exceed 1. 
For the navigational requirement  
S SP / B = 0.5 to 2 
Where B= width of the constricted river (m) as shown in Figure below. 

 

FIGURE 6.3: Diagram showing the length and spacing of the individual dikes with respect to the 
river width 
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In general, the prime factor for spur spacing between adjacent spurs is their lengths.  

Generally, spur spacing adopted = 2 to 2.5 time the length of spur at convex banks 

and Spur spacing = Length of spur at concave banks 

Length  
The ratio of spacing of spur to its length (SSP / LSP) varies from 1 to 6. 

Length of spurs depends upon the position of the original bank line and the designed 

normal line of the trained river channel. In erodible rivers, too long spurs may get 

damaged and cause failure. Hence, it is suggested / recommended to construct 

shorter ones in the beginning and extend them gradually, after due site observations.  

Top width of spur  
The top width of spur is kept as 3 to 6 m at formation level. 
Free board  
The top level of spur is kept with a free board of 1 to 1.5 m above the highest flood 

level for 1 in 500 years flood or anticipated highest flood level, whichever is more. 

Side slope  
Slope of upstream shank and nose is generally kept not steeper than 2:1. 

Downstream slope is kept which varies from 1.5:1 to 2:1.  

Size of stone of pitching  
Stones are placed over filters so that fines do not escape through the interstices of the 

pitching. For average velocity up to 2 m/s, burnt clay brick on edge are used as 

pitching material.  

For average velocity of 3.5m/s, pitching of stone weighing from 40 to 70 km (0.3 to 0.4 

m in diameter) and for higher velocities, cement concrete blocks of depth equal to the 

thickness of pitching can be used.    

Thickness of pitching  
Thickness of pitching is determined from the formula, 

T = 0.06 Q 1/3,  

Where, Q = design discharge in Cumecs. 

Thickness of stone need not be provided the same through-out the entire length of 

spur. It can be progressively reduced from the nose. 

Provision of filters  
In general, Filters are provided below the pitching at nose and on the upstream face 

for a length of 30m to 45m from the nose. The thickness of the same may be 20 cm to 

30cm. The thickness for the next 30m to 45 m on the upstream face may be reduced 

to about 15cm and beyond that, it can be omitted. However, may also refer the codal 

provisions, if available. 

A typical layout of a spur is shown in Figure. 
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FIGURE 6.4: Typical layout and section of spur 

 
Impermeable spurs 
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Series of spurs 

6.1.2.    River Training through Porcupines 

River Training through RCC Percupines are coming up nowadays and the same is 

under consideration on NW 1 for various activities including the Flood mitigation and 

taming of the river. Accordingly, the same also is under consideration for the study 

dtrech, wherein the Design and Photos are placed herewith. 
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6.2. Bank Protection 

6.2.1.   Basis of Design 

The following specifies design principles, criteria and requirements to be taken into 

account for the design of the Bank Protection / Revetments. 

All the banks are within a floodplain and made up by sand, silt and clay. This soil type 

may present different failure modes, such as scour, loss of fines, erosion, piping, etc. 

A special attention is to be paid to overall and local geotechnical failures. It is 

suggested to consider the required investigations at site and Detailed Engineering 

Designs etc., based on the soil parameters at the site. 

 
There are many materials available in the market to be used for revetments, i.e., box 

gabions, block stone, cabled concrete blocks, dense stone asphalt, gabion 

mattresses, grouted stone, hand-pitched stone, in-situ poured concrete, loose 

concrete blocks, precast concrete slabs, open stone asphalt, soil reinforcement 

systems, etc. The selection of the type of material is based on a trade-off between 

hydraulic/geotechnical performances, construction related aspects (availability and 

supply, equipment and labor, access and infrastructure, etc.) and costs.  

 
Gabion revetments at the site shall be considered in the present study stretch.  As the 

gabions do not need special equipment nor high-skilled labour for execution, their 

maintenance is not cumbersome and further they are more durable and economical 

than geotubes or geobags.  

A.         Design Principles 

Applicable Codes, Standards and Guidelines 
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�x Blaauw H.G. & van de Kaa E.J. (1978). Erosion of bottom and sloping banks 

caused by the screw  

race of manoeuvring ships. Publication no. 202, July 1978. Delft Hydraulics 

Laboratory. 

�x Dash S.K., Dutta S., Sreedeep S. and Rao G.V. (2013). Design of a Bank 

Protection System on River  

Brahmaputra at Jamuguri. The Masterbuilder, October 2013. 

B. Design Vessel 

Vessel features are important in the design because moving vessels induce waves 

and currents in the river, which are a hydraulic load on the bank and riverbed. These 

parameters will influence the design of the free board, the hydraulic stability of the 

structure and the size of the scour protection respectively for the revetments and the 

embankments.   

C. Design requirements for Revetments 

Gabions are wire mesh baskets filled with crushed rock. They are filled in situ, with 

locally available material 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. 

Gabions have been proposed as bank protection and shall be placed as sloping 

revetments with a preferable slope of 1:2.5. 

(Refer Volume-II Drawing No.P.010256-W-20303-X06 for details). 

Subdivided into equal sized cells, standard gabion baskets are of thickness 1, 1.5 and 

3 feet and are available in lengths of 6, 9 and 12 feet. 

D. Filter 

A geotextile filter is required to prevent the underline sand being washed out through 

the gabions. 

E. Toe protection 

To prevent the sliding and failure of the revetment on the slope, a toe protection is 

required. 

F. Anchoring 

Proper anchoring is required for keeping the revetment in place. For this purpose, the 

revetment will be extended both upstream and downstream. 

Anchorage is required at the top of the submerged bank. It needs to be extended and 

anchored in the upper bank with a top key.  

G. Hydraulic and Geotechnical Design 

1) Revetment 

a. Stone size 

The minimum size of the stones should not be less than the ones specified in Figure. 

The figure is based on following assumptions: 





 

P.010256-W-10305-006 Rev. 03 146/302 RESTRICTED 
 

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f T
ra

ct
eb

el
 E

ng
in

ee
rin

g 
pv

t. 
ltd

. 
A

ny
 d

up
lic

at
io

n 
or

 tr
an

sm
is

si
on

 to
 th

ird
 p

ar
tie

s 
is

 fo
rb

id
de

n 
w

ith
ou

t p
rio

r 
w

rit
te

n 
ap

pr
ov

al
 

w

ws
t e

�U
�U�U ��

�˜��� �' )1(  

21.0
50

086.0
245.0

D
e ���  

�x D50= mean diameter of the stones (= 0.30) 
�x Sb = Specific gravity of the stones, 2.65 

�x �8�Û  = Maximum velocity of the propeller jet at the bottom [m/s]; 

�x �8�å  = Maximum velocity of the currents at the bottom [m/s]  
�x �I  = stability parameter, depending on the application (1, for gabions placed in edges or 

transitions and 0.75 for continuous top layer) 
�x �– = Shields parameter (0.07, gabions) 
�x �G�ç�á�å

�6 = turbulence factor of the river current (1.5 higher turbulence at river bends) 

�x �G�ç�á�ã
�6 = turbulence factor of the propeller yet (3-4, load to the water jet) 

�x Ks = factor related to the slope angle 

2

sin
sin

1 �¸
�¹

�·
�¨
�©

�§��� 
�G
�D

sK  

�x �/ = friction angle between the gabion surface and the subsoil, 20 degrees is 
recommended to be a conservative value (for rip-rap is equal to 40 degrees) 
�x �. = slope angle of the structure, because the slope angle is unknown, an 
assumption of 1V:2H is made  
�x Kh1 = factor related to the depth (1 for a very rough current). This factor translates 
the depth-averaged flow velocity into the flow velocity just above the bottom 
protection. The roughness of the gabion depends on the stone size and the height of 
the gabion, among other things. Therefore, a value of 1 is chosen as a very 
conservative value to account for uncertainties in the vertical velocity field distribution 
and the roughness of the gabion.   
�x Kh2 = factor related to the depth. For propeller jet PIANC (2016) recommends 
using 1 
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The maximum velocity during the high tide is recorded as 4.0m/s as mentioned in 

Table 2.5 and therefore the minimum proposed thickness of the Gabian is 1200 mm 

having two layers of rock each of 600mm to enhance the effectiveness overlain on a 

slope of 2.5H:1V. The whole arrangement is once again overlain on geotextile.  

Geotextile filter layer shall prevent the underline sand & fine materials being washed 

out through the gabions. The minimum rock size for the gabions shall be 0.4m. 

Assumptions have been taken for the calculation of the velocity and turbulence 

factors applied for the river currents. Standard gabion baskets are of thickness 1, 1.5 

and 3 feet and the length size of 6, 9 and 12 feet however these are intertwined with 

linking wire of the same material. 

 
c. Rock specifications 
It is proposed to use a light grading which is appropriate for amour layers produced in 

bulk, usually by crusher opening. The size of the stone should be such that its length, 

width and thickness should be more or less the same. Round stones or very flat stones 

having small thickness should be avoided.  

Standard grading should be used whenever possible. Determination of the gradation of 

the granular material is important for a number of reasons: 1) the packing and the 

volumetric layer porosity depend on the overall slope of the grading curve, 2) 

phenomena such as filtering and piping are governed by the gradation. 

In Table 6.1 Some assumption for the rock grading are shown according to EN13383. 

Different rock layers are required to fill a determined gabion. In this sense the same 

table provides guidance on the number of layers needed to fill a gabion.  
























































































































































































































































































































