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EXECUTIVE SUMMARY

0.1 Introduction

The Govt. of India desires to explore the commercial navigation potential on year
round basis in inland waterways. Ministry of Shipping (MoS), Govt. of India
through Inland Waterways Authority of India (IWAI) intend to identify the viable
waterways in India for their phased development.

To make provisions for existing national waterways and to provide for the
declaration of certain inland waterways to be national waterways and also to
provide for the regulation and development of the said waterways for the
purposes of shipping and navigation, National waterway act, 2016 has received
the assent of the President on the 25th March, 2016 declaring a total of 111
National Waterways. All the River stretches/Canals have been divided in different
clusters for carrying out the study.

IWAI intends to explore transportation potential of National Waterway (NW) –
110. The proposed route is along the River Yamuna, stretching from Jagatpur (6
km upstream of Wazirabad Barrage) in Delhi to the confluence of Ganges and
Yamuna rivers at Sangam, Prayagraj, in the state of Uttar Pradesh (UP). This Delhi-
Prayagraj stretch is 1,089 km long, and passes through Delhi, Haryana and UP.NW
110 is proposed to be developed as alternate mode of transportation for cargo
and passenger movement. This development would help to decongest traffic of
road and railway by shifting it to waterway. Developing and maintaining NW –
110 is an opportunity to improve sustainable development of this waterway and
the hinterland.

Fig.1 National Waterway-110 along with prominent locations
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0.2 Site Conditions

The River Yamuna is the biggest tributary of the River Ganga. River Yamuna
originates in the Tehri Garhwal district of Uttarakhand from the Yamunotri
glacier. The important tributaries falling in Yamuna River NW 110 are the Hindon,
the Chambal, the Betwa, the Ken and the Sindh. The average annual rainfall in the
region varies between 400 to 1100 mm. Mean maximum and mean Minimum
temperature varies between 42°C and 7°C respectively. The mean wind speed
prevailing in the area is varying around 1.2 m/s to 1.5 m/s. The average relative
humidity varies 53% to 55% in the project area. The general topography of the
River Yamuna NW 110 is plain with levels varying from 70–200m above msl. In
River Yamuna stretch NW 110 the river flattened gradually with an average slope
varying from 0.04% to 0.011%. The average rate of fall is 0.11 m/km. The majority
of soil type is alluvial and covers about 42% of the basin area. River Yamuna NW
110 is significantly mobile and changes flowing pattern in one season to another.

There are 4 nos. of barrage over River Yamuna NW 110 namely Wazirabad
Barrage, ITO Barrage, Okhla Barrage, and Gokul Barrage. There are 78 nos. of
bridges on River Yamuna NW 110 including 49 existing road bridges, 15 under
construction road bridges, 12 existing rail bridges and 2 under construction rail
bridges. There are 44 nos. of HT lines crossing over River Yamuna NW 110.8 nos.
of pontoons is installed on River Yamuna NW 110.

0.3 Technical Analysis

All relating project data for River Yamuna NW 110 stretch was collected from
various departments/organisations Viz. IWAI, CWC and State Irrigation
Department/Flood Control Departments, NRSA, SOI etc. The hydrological data
collected from CWC for 14 gauging stations on River Yamuna NW 110 and
analyzed for water availability in river reach.

Fig. 2 Locations of CWC Gauge Stations on River Yamuna NW 110
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Table 1 Observed Min and Max Water Level and Discharge at each Gauge Station
S.

No.
Station
Name

Ch.
(Km)

Zero
of the
Gauge

(m)

Chart
Datum

(m)

Minimum Maximum
Min
WL
(m)

Min Q
(m3/s)

Max
WL
(m)

Max Q
(m3/s)

1. Delhi R. B. 1068.00 197.00 201.85 199.35 8.99 207.13 3466.00
2. Mohana 991.00 185.00 187.04 186.78 2.25 192.26 7981.00

3. Mathura
(Prayaghat)

848.27 160.00 163.57 161.02 9.78 167.34 1776.00

4.

Gokul
Barrage
(U/S) 842.29

160.00 163.21 162.90 NA 166.17 NA

Gokul
Barrage
(D/S)

157.65 158.92 156.80 NA 166.07 NA

5. Agra
(Poiyaghat)

752.00 146.00 147.21 146.79 3.15 152.52 6063.00

6. Agra (JB) 746.45 145.00 146.18 145.01 NA 152.08 NA
7. Etawah 531.84 114.00 114.91 114.16 5.97 122.40 3999.00
8. Auraiya 417.51 99.00 99.98 99.75 56.49 114.35 21004.0
9. Kalpi 349.60 90.00 94.01 91.96 75.63 109.55 25749.0

10. Hamirpur 280.53 88.00 88.40 88.24 3.09 106.38 30019.0
11. Chillaghat 213.78 75.00 84.60 84 NA 103.32 NA
12. Rajapur 95.51 65.00 74.83 73.37 44.94 93.01 37603.0
13. Pratappur 33.13 70.00 72.43 71.81 66.94 89.25 30000.0
14. Naini 13.34 70.00 71.82 71.39 NA 86.60 NA

It has been analysed that the overall water level variation to the tune of 3m to 9m
in upstream Etawah and 15m to 20min downstream Etawah has been observed.
Similarly, the overall discharge variation to the tune of 1765 m3/s to 6000 m3/s in
upstream Etawah and 21000 m3/s to 37600 m3/sin upstream Etawah has been
observed.

It is also analsyed that the annual variation of minimum water level itself is in the
range of 0.2 m to 3.1 m and maximum water level is in the range of 2.4 m to 17.8
m. Similarly, the variation of minimum discharge is in the range of 12m3/s to
417m3/s and maximum discharge in the range of 1744m3/s to 3717m3/s. The
annual variation in the minimum& maximum water level, the average of the
annual minimum water level and annual maximum water level at each gauge
station is presented in graph given below:
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Fig. 3 Average Water Level Variation

Monthly Maximum and minimum water level data for various CWC gauge stations
has been further analyzed to compute monthly average minimum and monthly
average maximum water level. These data depict minimum and maximum depth
available with respect to chart datum during different months of the year. A
typical graph of monthly water level variation is given below:

Fig.4 Monthly water level variation at Agra (JB) (Typical)

The daily gauge discharge data for five major stations namely Agra (P.G.), Etawah,
Auraiya, Hamirpur and Pratappur has been analysed for computation of ten daily
average flow and has been summarized as follows

Chambal Betwa
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Table 2 Summary of Ten Daily Discharge
Gauge
Station

June July to September October to January February to  May

Agra (PG) Begins at 22 and
increase  to 82
m3/s

Begins  at 85  m3/s and
increase  to 670  m3/s

Begins at 280 m3/s
and  decrease  to
43 m3/s

Begins at  38 m3/s
and  decrease   to
21  m3/s

Etawah Begins at 17 m3/s
and  increase  to
83 m3/s

Begins  at 92 m3/s and
increase  to 487 m3/s

Begins at 290  m3/s
and  decrease  to
45 m3/s

Begins at  40 m3/s
and  decrease   to
18  m3/s

Auraiya Begins at 133 m3/s
and  increase  to
213 m3/s

Begins  at 1100 m3/s
and increase  to 3366
m3/s then decreases to
1005 m3/s

Begins at 787 m3/s
and  decrease  to
223 m3/s

Begins at  211 m3/s
and  decrease   to
134  m3/s

Hamirpur Begins at 90 m3/s
and  increase  to
540 m3/s

Begins  at 1375 m3/s
and increase  to 1735
m3/s

Begins at 1097 m3/s
and  decrease  to
170 m3/s

Begins at  173 m3/s
and  decrease   to
84 m3/s

Pratappur Begins at 310 m3/s
and  increase  to
675 m3/s

Begins  at 2596 m3/s
and increase  to 5280
m3/s

Begins at 2080 m3/s
and  decrease  to
417 m3/s

Begins at  408 m3/s
and  decrease   to
300 m3/s

Gauge-Discharge Data Analysis

The daily gauge discharge data for five major stations namely Agra (P.G.), Etawah,
Auraiya, Hamirpur and Pratappur has been analysed. These gauge discharge
relationship are useful for estimation of flood discharge for different water levels.
Graphs are useful for estimation of discharge required to maintain 2.5 m flow
depth under the existing conditions of river channels. A typical gauge discharge
curve is shown below
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Fig. 5 Gauge Discharge Curve at Agra (PG)
Sediment Data Analysis

The suspended sediment data for five major stations namely Agra (P.G.), Etawah,
Auraiya, Hamirpur and Pratappur was analysed to establish relationship between
discharge and suspended sediments. From the discharge sediment concentration
analysis it is depicted that during non-monsoon period almost entire sediment
was fine sand & silt/clay and during monsoon 80 to 90 % sediment is fine sand.
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Assessment of Water Availability

Statistical analysis has been carried out by computing average monthly water
level value from the available hydrological data to assess the water availability
round the year in the River Yamuna NW 110. The duration curves of cumulative
monthly elevation has been plotted to find out the duration of availability of 2.5m
water depth throughout the year and the minimum water depth available for 330
days as summarized below:

Table 3 Summary of Water Availability
Gauge Station /
Chainage

Approx. No. of days for
which minimum 2.5 m
water depth available

(Days)

Minimum Water depth
available for 330 days (m)

Delhi Railway Bridge
(Ch. 1068km)

30 0.7

Mohana (Ch. 991km) 30 0.3
Gokul Barrage
(Ch. 842.29km)

30 0.6

Agra (Poiyaghat)
(Ch. 752km)

40 0.2

Etawah (Ch. 531.84km) 50 0.3
Auraiya (Ch. 417.51km) 80 0.5
Kalpi (Ch. 349.60km) 100 0.5
Hamirpur (Ch. 28.53km) 100 0.7
Chillaghat (Ch. 213.78km) 110 0.6
Rajapur (Ch. 95.51km) 120 1.1
Pratappur (Ch. 33.13km) 110 1.0
Naini (Ch.13.34km) 130 0.9

Fig. 6 Stretches wise water availability for 330 days
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Flow Frequency Analysis

The flow frequency curves to daily mean discharges have been plotted followed
by estimation of 50%, 75% and 90% dependable flow. The following discharge
duration curve at each gauge stations give the understanding about the base
flow.
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Fig. 7 Flow Frequency Curve

Table 4 Discharge availability at different location in the River Yamuna
Gauge Station Dependable Flow (m3/s)

50 % 75 % 90 %
Agra(Ch.752 km) 60 30 20
Etawah(Ch.531.84 km) 70 30 20
Auraiya(Ch.417.51 km) 325 200 120
Hamirpur(Ch.280.53 km) 290 160 100
Pratappur(Ch.33.13 km) 500 320 210

On comparing the water availability and discharge required it is found that from
Prayagraj Sangam at Ch. 0 Km up to u/s Kalpi at Ch. 371 km minimum targeted
depth for navigation can be maintained with dredging only. The remaining
portion of the NW110 above Ch. 371 up to New Delhi at Ch. 1081 Km Barrages
with Navigation Locks would be required to store the water and to maintain the
required depth for navigation due to non-availability of requisite discharge
throughout the year

River Course Change Analysis

Satellite Imageries Landsat05, Landsat07 and Landsat08 imageries of 30m spatial
resolution were collected from National Remote Sensing Centre Hyderabad for
the past 10 years from the year 2008 to year 2017. Route of Yamuna River from
Delhi to Prayagraj has been analyzed. Satellite imagery of two seasons July to
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September and October to December has been analyzed for each of the years.
The analysis depicts that there is no major planform changes in river course.
Increase in river channel  width at few locations viz. from Ch. 975 km to Ch 982
km, from Ch. 995 km to Ch1005 km and from Ch.1020 km to Ch1038 km post
2010 flood due to bank erosion.Except for year 2010 and that too at few locations
pre and post monsoon imageries do not indicate any morphological  changes for
remaining years.Though the analysis shows  some changes or shift in plan form of
deep  channel  course, these movements  of  deep  channel are either  within
Khadir or  within high banks  that is within the normal  flood  plain  where  there
is no  habitation but  seasonal agricultural land. Such locations are between Okhla
barrage and Gokul Barrage. In rest of the reach after confluence with Chambal
River, the deep channel meanders within Khadir.

River Yamuna cross sections Analysis

River cross sections for different years in entire reach were analysed. The cross
sections of different years at a given site were superimposed to study changes in
bed and bank profiles over the period of data. Analysis of data in general indicates
that major changes in bed profile were in year of high floods. Except for some
bank erosion in some years, minor shift in deep channel position and bed level
changes to the tune of 1 to 2 m the river sections were nearly stable.

0.4 Field Surveys and investigations

WAPCOS undertook cross section surveys up to +2m above High Flood Level at
every 200m interval (excluding Bathymetric survey, the data for the same has
been provided by IWAI) and additional survey necessary to fill data gaps and
record details after physical verification, wherever necessary. WAPCOS also
carried out Geotechnical Investigations at the locations of proposed structures. In
order to present survey data and results in detail the whole River Yamuna NW
110 Course has been divided in following 4 stretches with considering Chaiange
0.0 Km at Prayagraj increasing towards Delhi and Ch. 1089 Km at Delhi

Fig. 8 Location of Stretches
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During field survey the observed water depth has been reduced w.r.t Chart
Datum (CD) and the graphs has been plotted to show the variation of bed level,
sounding datum, water level & high flood level to correlate each other and
ascertain water availability. The following graphs depict the same.

Fig. 9 Water Depth Variation in Stretch 1

From the above graph it seen that the water depth variation in stretch-1
(Prayagraj to Betwa Mouth) are to the tune of 0.8 m 3.2 m.

Fig. 10 Water Depth Variation in Stretch 2

From the above graph it seen that the water depth variation in stretch-2 (Betwa
Mouth to Chambal Mouth) are to the tune of 0.2 m 4.5m.
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Fig. 11 Water Depth Variation in Stretch 3

From the above graph it clearly seen that the water depth variation in stretch-3
(Chambal Mouth to Agra) are to the tune of 0.08 m 2.21m.

Fig. 12 Water Depth Variation in Stretch 3

From the above graph it clearly seen that the water depth variation in stretch-4
(Agra to Delhi) are  in the tune of 0.07 m 3.85m.Also, Stretch and sub stretch wise
summarized water depth available during survey period is given in below table:

The geotechnical investigations were carried out during January 2019 to March
2019 at proposed locations and consist of total 30 nos. of Boreholes up to 30m
depth below river bed level/ground level. Laboratory test has been carried out of
the sample collected during SPT. From the laboratory test results, the different
strata of the soil are found and they are categories as Loose brownish grey silty
fine sand(SM) up to approximately 2-5 m depth, Medium dense brownish grey
silty medium sand with traces of mica(SM) from 5-15 m depth, Dense yellowish
brown silty medium sand with traces of mica(SM) from 15-22m depth, Very dense
yellowish blue silty coarse sand with traces of mica(SM-SP) from 22m to 30 m
depth. Lowest & highest N value among all borehole is 6 & 67 respectively.
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0.5 River Navigation Improvement Works

After analysis the Construction of level reaches through barrages, weirs and or
similar structures / interventions has been proposed. It is proposed to construct
barrages with Navigation locks across River Yamuna at approx. every 30 km (60
Km between first 2 barrages) beginning 1st barrage from Ch. 371 Km at Kalpi to
Ch. 1022 at Greater NOIDA as shown below

Fig. 13 Location Proposed Barrages

The barrage sitesare so located that the authorized water depth (2.5m) is
maintained. The proposal consists of construction of barrages with navigation
locks including vertical lift gates enabling a requite ponding level to maintain
authorized water depth of 2.5m during lean season

Fig. 14 No Barrage in Stretch-1 (Ch. 0km  to Ch. 272 km)
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Fig. 15 Barrage Location for Stretch-2 (Ch. 272 km to Ch. 453 km)

Fig. 16 Barrage Location for Stretch-3 (Ch. 453 km to Ch. 743 km)

Fig. 17 Barrage Location for Stretch-4 (Ch. 743 km to Ch. 1081 km)
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For that purpose it is proposed to store rain water at Barrages. The barrages are
so located that the stipulated 2.5m depth is available round the year. The bed
slope and hydrology of the river has been taken into consideration while locating
the barrages. After data analysis it is found theoretically that 20 Nos. of barrages
along with navigation locks would be required for the storage of water to
maintain the 2.5m depth of water for navigation. The ponding levels are so
designed that storage level of water would remain within the banks. This means
that habitation/villages/agriculture fields would not be affected due to
submergence. Storage can be made in the out falling rivers, if necessity arises, to
avoid any submergence on the upstream side and without encroaching the rights
of the beneficiaries. Two nos. Cross regulators one each on River Betwa and River
Chambal have been proposed to store the water on the upstream side and to
regulate the flow in river Yamuna whenever required. This will also avoid the
flooding in the upstream area of River Betwa and Chambal. Proposing barrages
along with dredging is more feasible in River Yamuna. Therefore, it is
recommended to consider this option for development of navigation in the River
Yamuna. Dredging quantity for each stretches for different class of waterways are
presented in the following tables:

Table 5 Dredging Quantity for Different class of waterways
by considering dredgingalong with Barrage

Sr.
No.

Stretch Quantity
for 2.5m

depth

Quantity
For Class

IV

Quantity
For Class

III

Quantity
For Class

II

Quantity
For Class I

1 Prayagraj to River
Betwa Mouth (Ch. 0
to 272 km)

17.39 6.62 5.08 2.88 1.69

2 River Betwa Mouth
to River Chambal
Mouth (Ch.272 to
453 km)

17.96 7.71 6.31 3.84 2.43

3 River Chambal
Mouth to Agra (
Ch.453 to 743 km)

8.31 3.61 2.67 1.5 0.86

4 Agra to Delhi (Ch.743
to Ch.1081 km)

7.98 3.09 2.14 1.16 0.71

Total Dredging Quantity 51.64 21.03 16.2 9.38 5.69

0.6 Market Assessment

Delhi and Uttar Pradesh constitute predominant parts of primary hinterland for
NW 110. A small area from west of NW 110 (less than 50 Km) of Madhya Pradesh,
Rajasthan and Haryana falls under secondary or tertiary catchment area. The
Hinterland map below depicts broad areas to be considered for this study, NW 1,
NW 110 connectivity and nearby ports in East coast of India that are used for
EXIM purpose by nearby landlocked region. Hinterland of NW 110 could
participate in the EXIM trade, using a combination of NW 1 and NW 110. Apart
from these, JNPT is also a major port that handles container traffic originated
from northern region for export/import purpose.
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Fig. 18 Hinterland of NW 110

Prospects for transportation on Yamuna could broadly be divided into 2
categories namely, Cargo and Passenger. Two types of cargo are considered,
finished products from existing industries and bulk material from mines and
agriculture. Passenger segment could be divided into two categories, local
residents and tourists. Local residents travel regularly for work related activities.
Some local residents travel occasionally also for other purpose, like farming,
visiting commercial centers etc. Tourists usually visit Taj Mahal, Sangam, some
heritage sites in the region etc.

Fig. 19 Opportunity for Water Transportation in Yamuna (NW-110)
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Fig. 20 Cumulative Cargo Traffic Projection

Fig. 21 Inter-District Passenger Traffic Projections

Fig. 22 Intra-District Passenger Traffic Projections
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0.7 Waterway and Infrastructure Analysis

The location of the proposed terminals has been identified by considering the
Availability of land for terminal, Availability of water depth at terminal site,
Availability of cargo and industries nearby, Approach between terminal, nearby
city and destination industry.Total 19 terminals are proposed at NW 110 for
handling cargo and passengers. These terminals are located at various locations,
on the bank of river Yamuna.

Fig. 23 Proposed Terminals on NW 110

Terminal
No.

Terminal
Location

Chainage
(Km) Cargo

Projected Traffic ('000 T)
Fy 17 Fy 22 Fy 27 Fy 37 Fy 47

T1
Madanpur
Khadar,
South Delhi

1047.8 Coal 1,083 1,592 2,032 2,866 3,851

T2
Samogar
Mustkil,
Agra

731.0
Coal 636 934 1,192 1,682 2,260

Fly Ash 263 386 493 572 632

T3
Mahewa
Khachhar,
Kaushambhi

98.0
Coal 750 1,102 1,407 1,985 2,667

Fly Ash 361 530 677 785 867

T4

Dilauliya
Kachhar,
Kanpur
Dehat

349.2

Coal 682 1,002 1,279 1,803 2,424

Fly Ash 586 861 1,099 1,275 1,408
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Terminal
No.

Terminal
Location

Chainage
(Km) Cargo

Projected Traffic ('000 T)
Fy 17 Fy 22 Fy 27 Fy 37 Fy 47

T5
Near Naini
Bridge,
Prayagraj

3.0
Coal 1,407 2,068 2,639 3,723 5,003

Fly Ash 571 839 1,071 1,242 1,372

T6

Near
Jamuna
Bridge,
Prayagraj

4.2

Fertiliser,
Food grains,
Sugar

527 695 848 1,037 1,128

Automobile
s (‘000 PCU) 32 41 52 70 93

T7
Madanpur
Khadar,
South Delhi

1049.0

Foodgrains,
Sugar, Iron
& Steel

805 1,077 1,329 1,703 1,986

Automobile
s (‘000 PCU) 63 81 103 139 186

Containers
(‘000 TEU) 250 351 470 657 840

T8
Daulatpur
Kanpur,
Dehat

349.8

Food grains,
Sugar, Iron
& Steel,
Fertiliser

702 913 1,114 1,382 1,529

Automobile
s (‘000 PCU) 32 41 52 70 93

T 14
Bakshi
Moda,
Prayagraj

8.5

Stone Chips
/ Silica Sand
/ Other
Commodities
(‘000
Trucks)

12.7 12.7 14.9 17.1 19.1

As shown in the above table, coal handling terminals (Terminal 1-5) would cater
to the coal (procured & imported) requirement of the numerous power plants in
the hinterland. Terminal 6, 7 & 8 are proposed as multipurpose terminals for
handling clean and multipurpose cargo, like iron & steel, automobile, food grains,
sugar, containers etc. Terminal 7 & 8 would help in seamless movement of
overseas trade as well as the domestic freight transportation.

It is proposed that three shipyards could be developed near the terminals one at
Chainage 349 Km Kalpi, second at Chainage 731 Km near Agra and the third at
Chainage 1049 km near Okhla. This location will ensure that for reaching a dry
dock, upstream or downstream barges need to travel not exceeding 300-350 km
distance as upper limit.

0.8 Model Studies

The CWPRS, Pune had conducted mathematical model study for routing the flood
in river Yamuna and based the field survey data and Gauge-Discharge data
available at CWC sites. The model was set up with inclusion of bridges, weir,
barrages, etc. The mathematical model covering the reach starting from upstream
boundary point of 6km upstream of Wazirabad Barrage at Delhi to downstream
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boundary at Sangam, Prayagraj, project was developed. Complete stretch of
1089km is divided in zone 43 and 44.

i. From Sangam at Prayagraj (CH 0km)  to Agra (CH 755km) Zone 44
ii. From Agra (CH 755km)  to Delhi (CH 1089km) Zone 43

and model is prepared for existing condition and by proposing the barrage the
water level has been computed by modelling of River Yamuna.

For simulation of lean flows discharges ranging from 20 m3/s to 200 m3/s were
run. For high flood simulation some observed high flows and 100 year return
period discharges were used. The emphasis of study was onWater depths
available along proposed navigation reach under existing conditions and
measures for improvement of navigability.Analysis of model G-Q data,
bathymetry data, and model results indicate following conclusions

i. Lean season minimum flows available from Delhi to Etawah are in the range of
5 to 20 m3/s and average of 10 daily flows  during lean season is in the range
20 to 40 m3/s. As compared to this minimum lean season flows in downstream
reach from Auraiya to Naini  are 60 to 180 m3/s  and average  ten  daily flows
are 120 to 400 m3/s. The inflows from different tributariesviz. Chambal, Sind,
Betwa and Ken improves flow in this lower reach.The baseline Understanding
and presentation of baseline flow at different segments 50 km length each of
the main river is presented in Fig. below

Fig. 24 Presentation of baseline flow at different segments

The needed flow for each 50 Km length has been computed to maintained 2.5
m draft for a waterway of 60m and 120m width and the available lean season
flow are presented in the table given below:
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Table 6 Needed flow and Available flow
Chainage

(Km)
Targeted

Depth
(m)

Discharge Required
(Cumec)

Available Lean
Season flow

(Cumec)60 m Channel
Width

120 m Channel
Width

0 - 50 2.5 78.48 156.95 177.50
50 - 100 2.5 109.86 219.73 132.00

100 - 150 2.5 87.34 174.69 107.50
150 - 200 2.5 47.29 94.58 90.00
200 - 250 2.5 116.01 232.02 72.50
250 - 300 2.5 70.14 140.28 60.00
300 - 350 2.5 100.97 201.93 75.00
350 - 400 2.5 93.98 187.95 115.00
400 - 450 2.5 82.94 165.87 120.00
450 - 500 2.5 148.30 296.59 57.50
500 - 550 2.5 85.26 170.52 15.00
550 - 600 2.5 113.25 226.50 5.00
600 - 650 2.5 132.88 265.77 2.50
650 - 700 2.5 119.80 239.61 5.00
700 - 750 2.5 114.16 228.31 7.50
750 - 800 2.5 99.86 199.73 9.00
800 - 850 2.5 143.81 287.62 12.50
850 - 900 2.5 127.68 255.35 13.00
900 - 950 2.5 126.58 253.17 11.50

950 - 1000 2.5 128.74 257.48 10.00
1000 - 1050 2.5 130.01 260.02 10.00
1050 - 1081 2.5 406.65 813.29 12.50

The table above reveals that the available lean season flow is not enough
with river bed and profile remaining as it is and is very low as compared to
high requirement of discharge except in first 50 km of river stretch for 120m
wide channel while the available lean season flow is enough to meet targeted
draft of 2.5m up to chainage 370 Km for 60m wide channel. The remaining
portion of the NW110 above Ch. 371 up to New Delhi at Ch. 1081 Km for 60m
wide channel the available flow is not sufficient to meet targeted draft of
2.5m.

Yamuna river bed slope in reach from Okhla to Auraiya is about 1/5900 and is
much steeper than the slope of lower reach from Auraiya to Naini (1/14250).
The lower reach has undulating river bed with relatively mild average slope
resulting in formation of many deep pools along the reach.

ii. The  model  results for the lower reach from  0 to 370  km  with lean season
flows mentioned above  indicate  that in  most  of the reach  water  depths will
be above 2.5 m except for some intermittent reaches where  bed levels are
high. Even in  these intermittent reaches water  depths  for  minimum  lean
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season flow of 50 m3/s and 100 m3/s  will be  in  the range 0.6 m to 1.5 m and
0.8 m to 1.8 m  respectively. Thus, the existing flow is enough with
channelization of the riverincluding dredging of the order of 1.0 m to 1.9 m in
these stretchesminimum  water  depths  water depth of 2.5 m could be
created in  the entire  stretch  of 370 km. Considering minimum water level of
71.39 m at Naini (during period 1999- 2016)no dredging will be required in
the  reach 0 km to about 50 km. This reach of 370 km can provide navigable
stretch with 2 m depth round the year after carrying out suggested dredging.

iii. Analysis of  results for remaining reach from  370 to 1081 km up to Delhi/Palla
for  lean  season minimum  flows mentioned above indicate following

 Depths in this entire stretch will be  in  the range 0.5 m to 1.5 except for
some deep pools  and about  7 km reach on upstream of Okhla  barrage
where depth  more  than 2.5 m prevail.

 Reasons for low water depths are low lean season flows, steeper slope of
reach and  larger river bed width

 Even with increase in discharge to 50 and 100 m3/s  the  rise in depth  was
very marginal due to  steeper bed slope and wide river bed.

 Dredging river bed1.0 m to 2.0 m over such  long  reach  will  not be
economical and  it may not serve purpose  due  to  inadequate flow in lean
season.

 Provision of barrage at an interval of  about  30 km with  pond depth of 5
m to 6 m at  each  barrage is the only possible measure.

iv. Analysis  of  result for  model runs  with proposed  20 barrages in reach from
370 km to  1052 km (Okhla barrage)  and  maintaining design pond levels
indicate following :

 With proposed  20  barrages in  this 680 km reach and  lean season flow of
20 to 30 m3/s flow , water  depths  of 2 m  and  above will be created in
about 560 km  reach. In remaining 120 km reach depths will be less than 2
m.

 About 6 to 10 km reach  on  downstream of each barrage will  have  water
depths 0.5 to 1.8 m.

 Major portion of  120 km reach identified with water depths less  than 2 m
will have depths  in  the  range0.8 m to 1.5 m. Thus,dredging depths will
be in  the  range  0.50 m to  1.2m.

 The dredging  requirement in 120 km reach can   be  reduced further by
raising  design pond level  by  about 1 to 1.5 m after  studying implications
in  case  of  each Barrage

With proposed barrages depths of 2.5 m will be available so that class IV
waterway could be developed
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0.9 Preliminary Engineering Designs

Design vessels of maximum length 110 m, beam 11.4 m, draught 2.5 m to 2.8m
and air draught of 9m will ply in NW-1 waterway and the same vessels will travel
to NW 110 also. However, the vessel size will vary in different stretched as per the
available LAD and type and quantity of cargo to be transported. Vessels of size
1000-2000 DWT are expected to ply in the waterway NW 110.

It is planned to provide two-way cargo movements in the navigation channel and
maintaining the width of channel between 60-120 m. However, at present it is
planned to maintain the channel width of 50 m and side slopes of 1:5 from
section Prayagraj to Delhi.

For maintaining 2.5 meter water depth in the channel from Delhi to Prayagraj 20
nos. of barrages has been proposed. The barrages have been designed for
discharges ranging from 4200 m3/s to 36000 m3/s with guide bunds. The barrages
have been founded well below the scour depths for design discharges. The length
of barrages range from 219 m to 571m. Similarly, two regulators, one each at
River Betwa Mouth and River Chambal Mouth have been proposed for watewr
storage purposed. The regulators have been designed for discharges ranging from
20000 m3/s to 33000 m3/s with guide bunds. The regulators have been founded
well below the scour depths for design discharges. The length of regulators range
from 442 m to 602m. Navigational locks of dimensions 175m X 44m have been
proposed at every barrage and regulator locations having two chambers
separately for upstream and downstream vessels. The lock chamber dimensions
of 125mx18mx3.5m has been proposed.

45 nos. existing bridges falling in the stretch of Yamuna River are not having
requisite horizontal and vertical clearance as per IWAI guidelines and needs to be
demolished and reconstructed.

Total 19 nos. of terminal have been identified including 8 Cargo terminals, 10
Passenger terminals and one Ro-Ro terminal. The proposed jetties at cargo
terminals are required to handle Self-propelled barges, carrying capacity 1000
DWT, Size (70m X 12m), loaded draft 1.8m (Class-IV) or IWAI designed vessel of
size (110m X 12m). The jetties are planned as a berthing structure proposed to be
on piles, which provide least resistance to natural equilibrium and ease of
extension/addition of facilities at a later date. The berthing structure is of length
125 m and width 25m. To cater to the berthing requirements at passenger
terminals for easy embarkation/disembarkation to the taxi, a floating jetty of 50m
x 20 m has been proposed. All the permanent structures including terminals will
be protected with stone pitching weighing around 40 to 50 kg.

The Dry dock has been proposed with One Dry-Dock capable of repair and
building of ships up to 110 m. The dimension of the Dry Dock would be 120 x 25 x
3 m. The facility would have an outfit jetty of 120 m. This would have the capacity
to carryout outfitting on one ship at any given time.
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0.10 Navigation & Communication System

DGPS, VTMS and Marine Lantern/Buoys have been proposed to be installed for
safe navigation of vessels and to have complete control on traffic handled at
terminal.

0.11 Socio Economic Environment Assessment

There exists an urgent need to involve NW 110 development agenda under major
Government policies and objectives to increase socio economic benefits offered
by NW 110. The major socio-economic benefits that will accrue with the
development of inland waterway on NW 110 are as follows:

 Employment Generation
 Fuel savings due to Inland waterway transportation
 Carbon credit earned
 Reduction of congestion on existing modes
 Other benefits such as reduction in accidents, noise etc.
 Less cost of development
 Less land occupancy
 Property Uplift and Regeneration
 Transportation of goods and passengers
 Ecosystem Services

The employment generation to the tune of more than 50000 is estimated.

0.12 Capacities Building and Financing

IWAI should integrate administrative functions with operation, maintenance, and
development function and run the enterprise on sound Business Management
Principals. The set up should also have jurisdiction and control over all other
Government, Public and Private Vessel Operators on the River Yamuna (NW-110).
Other Government, Public and Private Parties can be allowed to carry on their
present business as usual but under the administrative control on IWAI which
frames rules and regulations for such operation. The conceptual set up of such
organization envisages setting up of Inland Waterway Authority construction and
maintenance division for River Yamuna with its headquarters at Prayagraj.
Proposed Terminals for River Yamuna can be run under this setup.

Man power requirement for operation of waterway in River Yamuna includes for
terminal operations, Navigational lock operation and departmental requirement.
Departmental regional office will be set up at Prayagraj. Waterway maintenance
division will be setup under the regional office for maintenance of navigable
waterway. Every terminal will require institutional setup for proper functioning of
terminal operations. Terminal manager will be the head at terminal responsible
for overall terminal operations.
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To facilitate unhindered private investment, IWAI can earmark some incentives, in
the form of VGF/Subsidies, and attract more private parties in bid participation.
The inland waterways project involves significant investment/operating cost, and
such a backing from government could prove critical in presenting the project as a
lucrative business opportunity to the private sector.

Navigation development by Government/Inland Waterways Authority of India
would have to be made using Design and Build contract system. IWAI on behalf of
Government would have the sole responsibility of operating and maintaining
fairway.

Inland Waterway Authority could monitor and maintain river waterway system on
its own. Alternatively, it could appoint a Project Management Unit, which would
be working on a fixed fee to monitor and maintain round the year navigability on
the waterway system. The professionals working at PMU would be acting on
behalf of IWAI for implementation of fairway development project.

The Multipurpose terminals could be developed using Build, Own, Operate and
Transfer (BOOT) model. The time duration for BOOT operator of this project could
be 30 years or more. This could be developed following a principal used for
development of terminals and freight villages on River Ganga (National
Waterways NW-01). These terminals were found to be commercially viable on a
standalone basis. Allowing Third Party Logistics Company or terminal operators
develop this terminal following a Public-Private Partnership (PPP) model would
help bring best practices in handling, storage, processing and evacuation of clean
cargo.

0.13 Project Implementation Schedule

Phasing of the project has been considered on the basis of navigable depth, traffic
potential and economic considerations. The project has been proposed to be
developed in following three phases:

Table 7 Phasing of Project
Phase Stretch Construction period

Phase 1 Prayagraj (Ch. 0.0 Km) to River Chambal
Mouth (Ch. 453 Km) and Upstream of
Wazirabad Barrage, Delhi (Ch. 1074 Km)
up to Jagatpur (Ch. 1081 Km)

Year 2021 to Year 2025

Phase 2 River Chambal Mouth (Ch. 453 Km) to
Agra (Ch. 743 Km)

Year 2027 to Year 2031

Phase 3 Agra (Ch. 743 Km) to Okhla Barrage,
Delhi to (Ch. 1052 Km)

Year 2032 to Year 2036
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0.14 Project Costing

Project has been proposed to be developed in 3 phases. Total capital cost
estimate for the phase-1, phase-2 and phase-3 worked out to Rs. 7165.26 Crore
Rs. 5078.01 Crore and Rs. 7386.60 Crore respectively.

0.15 Economic and Financial Analysis

River Yamuna has been approached with the scope of handling both types of
traffic i.e. Cargo and Passenger for along the river movement. Financial modeling
for each terminal on River Yamuna has undertaken. It constitutes financial
analysis for 9 Cargo terminals i.e. Terminal no. 1 to 8 & 14 and 10 Passenger
Terminals i.e. Terminal no. 9, 10, 11, 12 (a,b,c) and 13 (a,b,c,d). Market-driven
rates, benchmarks, and assumptions have been considered to develop financial
models for each terminal.

Financial Models
for NW110

Terminals Fairway Fairway  + Terminal

• Cargo
- Dirty
- Multi-Purpose
• Passengers
- Inter-District
- Intra District

Entire stretch of NW110
will be developed in 3

phases

All Investment, Cost and
other Financial indicators of
all terminals and fairway are
combined together to assess
the entire project collectively

for its financial viability

Independent Models Cumulative Model

Fig. 25 Structuring of Financial Model

Table 8 Summary sheet of Financial and Economic Return

Type of
Infrastructure

Capital
Investment
(INR Crore)

Financial
Returns

Economic
Returns

Project
Period
(Years)

Conclusion Reasoning

Option 1
Fairway +
Terminal (0-
1051 Km)

19,619 -9.0% 1.60% 45 Not Viable Investment is
very high

Option 2
Fairway +
Terminal
(Phase 1)

7,199 Non-
Existent 5.8% 45 Not Viable Investment is

very high

Fairway +
Terminal
(Phase 2)

5,065 Non-
Existent N.A 45 Not Viable Investment is

very high
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Type of
Infrastructure

Capital
Investment
(INR Crore)

Financial
Returns

Economic
Returns

Project
Period
(Years)

Conclusion Reasoning

Fairway +
Terminal
(Phase 3)

7,355 Non-
Existent 17.0% 45 Not Viable Investment is

very high

Total
Cumulative 19,619

Option 3
Combination
of Phase 1 & 2

12,264
Non-
Existent

5.1% 45 Not Viable
Investment is
very high

Option 4

Fairway 13,154 Non-
Existent 45 Not Viable Investment is

very high

Terminal 1 271 15.0% 77.9% 30
Viable on
standalone
basis

Coal Traffic is
high.

Terminal 2 1,154 -2.8% 15.9% 30 Not Viable
Capital
Investment is
very high

Terminal 3 773 Non-
Existent 10.1% 30 Not Viable

Capital
Investment is
very high

Terminal 4 422 Non-
Existent 26.5% 30 Not Viable

Capital
Investment is
very high

Terminal 5 649 7.3% 19.0% 30
Viable on
standalone
basis

Coal Traffic is
very high.

Terminal 6 459 Non-
Existent 3.2% 30 Not Viable

Not fully
operational till
Phase 3
development of
NW 110

Terminal 7 1,917 5.0% 31.7% 30
Viable on
standalone
basis

Multipurpose
terminal with
very high traffic

Terminal 8 454 1.3% 10.5% 30
Viable on
standalone
basis

Fertiliser /Iron
& Steel traffic in
Phase 1. Fully
operational
after
development of
Phase 3 NW 110

Terminal 9 18 0.1% NA 30
Viable on
standalone
basis

Projected Traffic
is very high due
to Mathura &
Agra

Terminal 10 76 N.A NA 30 Not Viable

Traffic from
Agra to
Prayagraj very
low. It will be
viable after
development of
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Type of
Infrastructure

Capital
Investment
(INR Crore)

Financial
Returns

Economic
Returns

Project
Period
(Years)

Conclusion Reasoning

Phase 3 for
movement from
Delhi to Agra

Terminal 11 16 6.0% NA 30
Viable on
standalone
basis

Tourist Traffic is
very high

Terminal 12 a 19

Non-
Existent

NA 30

Not Viable

Very low Traffic
due to
availability of
proper road
transport

Terminal 12 b 18 NA 30

Terminal 12 c 18 NA 30

Terminal 13 a 75 Non-
Existent NA 30 Not Viable

Less traffic
movement from
Agra to
Prayagraj.

Terminal 13 b 39 -3.4% NA 30 Not Viable Investment Cost
is high.Terminal 13 c 39 -0.3% NA 30 Not Viable

Terminal 13 d 40 -3.6% NA 30 Not Viable
Total 19,619

0.16 Conclusions & Recommendations

The traffic projections likely to be transported using River Yamuna is based on the
assumption that government will assist in matching the per ton transportation
cost on River Yamuna at par with Railways. No cargo would shift from Railways to
Waterways in the absence of the same. The project has been found to give no
returns to very poor financial returns in all possible modes/structures of
investments. Hence, the project has not been found to be financially viable on
standalone basis.

This project will contribute in development of local / regional / national economy
of the region. Also, the project will generate direct and indirect employment.
Therefore, this project should be conceived for initiating the development of the
region. In this sense, the project should not be confined to a merely profit-making
concept rather the project should be financially self-sufficient. Hence, it is very
much essential that the proposed developments be taken up.

The economic benefits like Employment Generation, Fuel savings due to Inland
waterway transportation Carbon credit earned, Reduction of congestion on
existing modes, reduction in accidents, noise etc., will accrue with the
development of inland waterway on NW 110. River Yamuna NW 110 would
generate various economic activities such as tourism, boating, water taxi,
vessel/boat building & repairs, dredging services, hydrographical survey, safety
management etc. Apart from industries, NW 110 would be attractive to both local
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residents and to visitors/Tourists. For both of these groups, planning and
investment is required to maximize the level of engagement on River Yamuna.

Government needs to generate public interest, encouragement and involvement
in the prospects and potential inherent in the inland waterways in river Yamuna.
Government needs to be determined to provide an investment friendly climate
and generate policy and incentives that will encourage new investors and
investments in NW 110.
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CHAPTER – 1

PROJECT DESCRIPTION

1.1 Introduction

1.1.1 India has an extensive network of inland waterways in the form of rivers, canals,
backwaters and creeks. Of the total navigable length of 20,236 km, 17,980 km of
the river and 2,256 km of canals can be used by mechanized crafts. Freight
transportation by waterways is highly under-utilized in the country as compared
to countries and regions like the United States, China and the European Union.
National waterways of India are well in line to become the lifeline of the country.
Not only will these serve the transportation obligations of our nation, but also will
serve as recreational centers.

1.1.2 Inland Water Transport (IWT) has the potential to form the most economic,
reliable, safe and environment friendly mode of transport. When developed for
use by modern inland waterway vessels, it can reduce investment needs in rail
and road infrastructure, promote greater complementarities in the riparian
states, enhance intra-regional trade and, through increased economies of scale,
significantly reduce transport costs for the benefit of the entire economy and
India’s global trade competitiveness.

1.1.3 The Inland Waterways Authority of India Act, 1985, provides for “the constitution
of an Authority for the regulation and development of inland waterways for
purposes of shipping and navigation and for matters connected therewith or
incidental thereto”. This is the Inland Waterways Authority of India (IWAI) which
“came into existence on 27th October 1986 for development and regulation of
inland waterways for shipping and navigation. The Authority primarily undertakes
projects for development and maintenance of IWT [Inland Water Transport]
infrastructure on national waterways through grant received from Ministry of
Shipping.” This is the most important nodal body for the national waterways in the
country.

1.1.4 Ministry of Shipping, Govt. of India had directed IWAI to identify the viable
waterways in India for their phased development. Accordingly, 106 new
waterways were identified by IWAI and intimated to MoS. In this regard, National
Waterways Act, 2016 was published in the Gazette of India, Extraordinary, Part II,
Section I dated 26th March, 2016 as an Act No. 17 of 2016. The National
Waterways Act, 2016 came into force from 12 April 2017 as per the notification of
the Government of India. This act has declared 111 rivers or river stretches,
creeks, estuaries as National (inland) Waterways. The passage of this legislation
enables the Central Government to regulate these waterways for development
with regard to shipping, navigation and transport through mechanically propelled
vessels. Prior to this Act there were five national waterways, each declared as such
by their own separate legislation.
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1.1.5 While navigation in rivers, lakes and other water bodies has been around since
centuries, this has been more in the form of smaller vessels, connecting places
not too far from each other. In some cases, especially near ports and coastal
areas, this has evolved to more large-scale, commercial shipping. The national
waterways project now intends to create such large scale, commercial shipping
and navigation systems in these 111 waterways. These are intended to realise
the potential of cargo and passenger traffic, including tourism and cruise. These
waterways pass through 24 states and two union territories, with an
approximate total length of 20274 km. These waterways will pass through nearly
138 river systems, creeks, estuaries and related canal systems of India

Fig. 1.1 National Waterways of India

1.1.6 The transportation of goods in India, as of now, is primarily being carried out
through rail and road with small share of coastal, pipeline and Waterways.
Besides, the modal share of IWT in India stands at only 0.5 %, whereas that in
China stands at 8.7%, in the US at 8.3% and Europe at 7%. Inland Water Transport
(IWT) is a slower mode of transport when compared to rail and road.  However,
IWT is most reliable and best suited for transportation of bulk cargo such as
grains, fertilizers, cement and fly ash. This is also the safest mode of transport, as
it is the least susceptible to the vagaries a nature. This is nothing less than a
tragedy, as IWT's fuel efficiency is no secret to the market - it is a well-known fact
that about 1 litre of fuel can move 24 tonne km of freight by road, 85 tonne-km
by rail and 105 tonne-km by inland water transport .

Source : IWAI
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Fig. 1.2 Modal Share of IWT - Comparison

1.1.7 IWAI intends to explore transportation potential of National Waterway (NW) –
110. The proposed route is along the Yamuna River, stretching from Jagatpur (6
km upstream of Wazirabad Barrage) in Delhi to the confluence of Ganges and
Yamuna rivers at Sangam, Prayagraj, in the state of Uttar Pradesh (UP). This
Delhi-Prayagraj stretch is 1,089 km long, and passes through Delhi, Haryana and
UP.

Fig.1.3 National Waterway-110 along with prominent locations
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1.1.8 The inland water transport is the most efficient mode of transport from the point
of energy consumption, cost of transport and environment friendliness. The some
of the advantages of inland water transport are given below:

 It is operationally cheaper
 It is reliable and comparatively safer, being least prone to ‘in transit’ damage

or pilferage
 The manpower requirement per unit of load is less as compared to road /

railways
 The line cost per unit distance for creating usable fairway is much less than

that of railways or roadways
 Assures adequate returns from efficient operations

1.1.9 With global economy and the WTO regime and greater movement of goods to
and fro has created a heavy pressure on the already burdened road and rail
transport systems. There is limit for expansion of rail and road capacity on
account of constraints available land, high cost and environmental factors. In
these conditions, IWT can play a supportive role for rail and road movement.
There are some hazardous commodities and Over Dimensional Cargo (ODC) which
cannot be allowed to be transported on road. In view of the above constraints,
the development of IWT has been relevant in today’s context.

1.2 Need of the Project

1.2.1 Inland Waterways are economic multipliers, as they induce factors in
development of an area, both through planned development policies and by the
unplanned growth of related industries thus providing space for industrial
clusters. They also nurture growth of other related industries like ship repairs and
dredging activities. The clustering of related activities improves the competitive
advantage of players by augmenting their productivity and reducing costs in
movement and also paving the way for technological innovation. So, Inland
Waterways create a kind of value chain of interrelated activities of the hinterland
that are mutually supportive and continuously growing.

1.2.2 India embarked upon a large program of agricultural and industrial production
which was resulted in substantial increase in the movement of cargo traffic. In
addition to the above, rapid increase in industrialization during the past and
present decades created huge impact on existing traffic movement by various
modes. Due to the surge in road traffic, Govt. of India focused attention in
widening and relaying of National Highways including construction of major time
bound projects. In similar fashion, dedicated rail corridors for the movement of
goods by rail are in the implementation stage by the Government. Hence, it is
evident that all modes of transport need to be developed and the vital role which
inland waterways can play in meeting the ever increasing transport needs for a
faster economy could not be ignored.
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1.2.3 Water based transport is effective as generally speaking, operating costs of fuel
are low and environmental pollution is lower than for corresponding volumes of
movement by road, rail or air. A major advantage is that the main infrastructure
“the waterway” – is often naturally available, which then has to be trained,
maintained and upgraded. Transport over waterways is especially effective when
the source and/or destination are waterfront locations. IWT is being more energy
efficient in comparison with other modes of transport which can help in reducing
the transport cost and prices of commodities. IWT is the least energy consuming
and energy efficient mode of transportation in addition to many other inherent
advantages. IWT generates more employment per unit of investment in
comparison with other forms of transportation. Investments in this sector have
not equaled those in rail in early years and road in more recent times, there are
proposals for investing in this sector. Keeping in mind the various advantages of
inland waterways such as cost effectiveness, relative fuel efficiency and
importance of mobility besides welfare and development of remote countries, a
number of countries are now taking initiatives to make better use of the existing
capacity and making investments in IWT. Several development projects aimed at
enhancement of IWT infrastructure and operations are underway in Asia despite
the recent declining trend in the usage of the region’s inland waterways.

1.2.4 NW 110 is proposed to be developed as alternate mode of transportation for
cargo and passenger movement. This development would help to decongest
traffic of road and railway by shifting it to waterway. This landlocked northern
region uses only roadway and railway as primary means of transportation for
EXIM trade. Development of NW – 110 could open a new door of opportunity for
industries as well as local commuters. Project study would determine all
possibilities of decongesting and diverting present traffic to waterway backed
with detailed logistics and financial analysis.

1.3 Purpose of the Project

1.3.1 Transport has been considered as a primary factor of economic development.
Inland waterways transportation is one of the oldest economic and
environmental sustainable modes of transportation for passengers and cargo.
In some areas, it is the only means of mobility and access to basic services. The
sector encompasses various types and sizes of vessels, operating on waterways in
major rivers of India. Inland waterways play a vital role in economic development,
especially in remote areas. The potential opportunities for IWT sector depends
considerably on the specific regional context, such as geographical conditions,
level of road development and socio-economic conditions. Developing and
maintaining NW – 110 is an opportunity to improve sustainable development of
this waterway and the hinterland.

1.3.2 Globalization and increase in population put pressure on existing transportation
modes to meet increased demand. If towns and cities along the banks of Yamuna
fails to keep up with the growing need of transportation and are prone to lack of
infrastructural facilities, then it reduces the living standard of people. In such
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situation, development of NW – 110 for cargo, passenger and tourism movement
would create a brand value to Yamuna’s adjoining states. Development of river
Yamuna for passenger and cargo movement opens a new door of transportation
and would help to ease the burden of existing modes.

1.3.3 Through the ages, rivers have served as effective waterways, carrying people and
goods over long distances. Even today, many countries depend heavily on inland
water transport, especially for large and bulky cargo, as it is cheaper, more
reliable and less polluting than transporting goods by road or rail. India has yet to
develop this cheaper and greener mode of transportation. Goods still travel by
congested road and rail networks, slowing the movement of cargo, adding to
uncertainties, and increasing the costs of trade. So much so that logistics costs in
India are estimated to account for the country’s GDP.

1.3.4 The waterway has the potential to emerge as the leading logistics artery for
northern India. The waterway’s stretch between Kolkata and Delhi passes through
one of India’s most densely populated areas. A sizeable forty percent of all India’s
traded goods either originates from this resource-rich region or is destined for its
teeming markets. While the region is estimated to generate about 370 million
tonnes of freight annually, only a tiny fraction of this - about 5 million tonnes -
currently travels by water.

1.3.5 Currently, cargo from the riparian states takes circuitous land routes to reach the
sea ports of Mumbai in Maharashtra and Kandla in Gujarat, rather than going to
the much-closer port at Kolkata via NW-1. The NW-110 meets NW-1 at Prayagraj.
The development of NW-110 will help riparian states direct some of their freight
to the Kolkata-Haldia complex, making the movement of freight more reliable and
reducing logistics costs significantly. The Capacity Augmentation of NW-110
Project will help put in place the infrastructure and services needed to ensure
that NW-110 emerges as an efficient transport artery in this important economic
region. Once operational, the waterway will form part of the larger multi-modal
transport network being planned along the river. It will link up with the Eastern
Dedicated Rail Freight Corridor, as well as with the area’s existing network of
highways. This web of water, road and rail arteries will help the region’s
industries and manufacturing units switch seamlessly between different modes of
transport as they send their goods to markets in India and abroad. Farmers in the
agriculturally-rich plain will also benefit, as the waterway opens up markets
further afield. NW-110 would generate huge employment opportunities.
Employment generation during NW development is a one-time impact. However,
once NW-110 gets operational, it would generate more employment for local
people as well as other migrants. For example, every proposed terminal would
require staffs for handling various tasks, like technical jobs, administration related
jobs etc. Hence, NW-110 would benefit the region and community by providing
employment opportunities.
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1.3.6 The utilization of IWT in river Yamuna is the most important factor that
determines the variation in the opportunities of inland waterways on
socioeconomic development of the districts that fall in the hinterland of the
river. Waterways develop economic activities, recreational activities, tourism
industry, enhance the socio-economic life of local community and provide
sustainable mobility. Inland waterways boost the economic productivity of the
hinterland. The proposed waterway NW 110 in river Yamuna would not only offer
an alternative mode of transportation for the community but would also generate
more new economic activities, like tourism and homestay, boat building, sand
mining and fishing industry.

1.3.7 There are considerable variations in the availability of navigation at different
stretches and favourable depths as would be available time to time is taken
advantage of stretch wise for cargo movement as would be optimal. IWAI  has
been monitoring the NW-1 in totality obtaining/recording stretch wise waterway
behaviour mean liability, navigational channel stability, river water quality,
riverine life, fishing aspects and on relevant such data. Agencies like Central
Inland Water Transport Corporation (CIWTC), a Public Sector Undertaking, certain
private cargo movers and IWAI themselves are moving cargo in the NW-1. River
monitoring, navigational guidance / cautions, temporary restrictions, flood
warnings / restrictions caused by other rivers joining the NW – 1 on the route etc.
are recorded and given to user agencies.

1.4 Scope of the Study and Structure of the report

1.4.1 The brief scope of work envisaged by IWAI is listed hereunder:

 Technical Analysis
 Collection and Review the Available Data and Reports
 Study, map and analysis of existing structures on the river, Hydrological

aspects, changes in river course, available survey, data gaps etc.
 Undertake physical condition surveys of existing locks / barrages,

sedimentation and mathematical model studies
 Develop viable outline options for river navigation improvement works,

SWOT analysis on all options

 Market assessment
 Market Analysis
 Market Survey
 Market Development
 Market Trends

 Waterway & Infrastructure Analysis
 Study and map Terminal locations
 Need and location for multimodal logistics hubs
 Terminal connectivity with road and rail
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 Fleet Analysis Study
 Develop viable outline options for common user facilities

 Preliminary Engineering works for providing and/or improving facilities
 Preliminary design, cost estimates, layouts and basic drawings and

specifications for the selected option
 Construction schedule
 Provision of navigational aids, Ro-Ro jetties, revetment / bank protection /

slope protection, River training works / conservancy works for critical
locations, dredging for critical locations

 Financial Analysis
 Financial Internal Rate of Return (FIRR)
 Economic Internal Rate of Return (EIRR)
 Revenue Model

 Economic Analysis
 Comparison of whole life costs and benefits of the proposed river

improvement program

 Capacity Building and Financing
 Identify institutional, financial, regulatory, taxation, procedural

bottlenecks including concerns (safety, security) that hinders growth of
the IWT sector and propose solutions required for development of the
sector as safe, secure, efficient and clean mode of transport

 Propose financing plan to promote IWT Sector
 Conducting stakeholder meeting along with IWAI

The detailed scope of work is given as Annexure 1.1

1.4.2 The present report deals with the various options, analysis and economics of
suggested developmental works proposed in NW – 110. The results and analysis
of field surveys and available data have been considered for planning and design
purpose. The Final Detailed Project Report consists of following chapters:

Executive Summary
Chapter – 1 Project Description
Chapter – 2 Site conditions
Chapter – 3 Technical Analysis
Chapter – 4 Field Surveys and Investigations
Chapter – 5 River Navigation Improvement Works
Chapter – 6 Market Assessments
Chapter – 7 Waterway And Infrastructure Analysis
Chapter – 8 Model Study
Chapter – 9 Preliminary Engineering Designs
Chapter – 10 Navigation and Communication System
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Chapter – 11 Socio Economic Environment Assessment
Chapter – 12 Capacity Building and Financing
Chapter – 13 Project Implementation Schedule
Chapter – 14 Project Costing
Chapter – 15 Economic and Financial Analysis
Chapter – 16 Conclusions and Recommendations
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CHAPTER – 2

SITE CONDITION

2.1 General

2.1.1 The River Yamuna is the biggest tributary of the River Ganga. It is also considered
as sacred river in India besides River Ganga. River Yamuna originates in the Tehri
Garhwal district of Uttarakhand from the Yamunotri glacier (31° 00’N 78° 27’E)
near Banderpoonch peaks at the elevation of about 6,320m above the sea level in
the Mussoorie range of lower Himalayas. Arising from the source, the Yamuna
river flows through a series of valleys for about 200 km in lower Himalayas and
then emerges into Indo-Gangetic plains.

2.1.2 In the upper reaches, the gradient of the river is steep and the entire
geomorphology of the valley has been carved by the erosive action of the river
water. In the headwater reach of 200 km, the Yamuna draws water from several
major streams. The combined stream flows through the Shivalik range of hills of
Himachal Pradesh and Uttarakhand states and enters into the plains at Dak Pathar
in Uttarakhand. From Dak Pathar, the Yamuna flows through the famous Sikh
religious shrine of Poanta Sahib. Flowing through the Poanta Sahib, it emerges
from the foothills of Kalesan, north of Hathnikund/Tajewala where the river water
get diverted into Western Yamuna Canal and Eastern Yamuna Canal for irrigation.

2.1.3 River Yamuna enters Delhi near Palla village after traversing for about 224 km.
Further downstream, Yamuna flows through the Agra city which is famous for Taj
Mahal. Shortly afterwards, it passes through another historical city, Mathura. The
total length of River Yamuna from its origin to Prayagraj (Erstwhile Allahabad)
(confluence with Ganga) is 1,376 km and the drainage area is 3,66,223 Sq.km.
River Yamuna is a mighty river in itself and has a number of tributaries. In its first
170 km stretch, the tributaries the Risiganga, Hanumanganga, Tons and Giri join
the main river. Later big rivers, such as the Chambal, the Sind, the Betwa and the
Ken join it prior to fusing with the Ganga at a holy place named as Triveni Sangam
in Prayagraj after covering a span of 1,376 km.

2.1.4 The catchment of the Yamuna river system covers the parts of Uttar Pradesh,
Uttarakhand, Himachal Pradesh, Haryana, Rajasthan, Madhya Pradesh and Delhi.
River Yamuna also forms natural state boundaries between the states of
Uttarakhand and Himachal Pradesh, and also amid the states of Uttar Pradesh
and Haryana. Cities like Delhi, Baghpat, Mathura, Noida, Firozabad, Agra, Kalpi,
Etawah, Hamirpur and Prayagraj, are situated on the riverbanks of the Yamuna

2.1.5 The portion of River Yamuna stretching from Jagatpur (6 km upstream of
Wazirabad Barrage) in Delhi to the confluence of Ganges and Yamuna rivers at
Sangam, Prayagraj, in the state of Uttar Pradesh (UP) covering a length of 1089
Km has been declared as National Waterway (NW) – 110 by National Waterways
Act, 2016.
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