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CHAPTER 1. INTRODUCTION 

1.1. Project Background 

The cargo movement through waterway is considered one of the cheapest mode of 

transportation internationally which is very low in India compared to the international 

scenario. To augment the capacity of waterways transportation in India, Govt. of India 

has constituted Inland Waterways Authority of India (IWAI) in 1985. IWAI has identified 5 

river stretches as National priority and notified these stretches as National Waterways 1 

to 5. Amongst the five notified waterways, the national waterways on Ganga (NW-1 

between Haldia to Allahabad) is the longest waterways and is of prime importance 

considering its locational advantages. IWAI since long has been maintaining the least 

available depth (LAD) of 3m between Haldia and Farakka (560km), 2.5m in Farakka ï 

Barh (400km), 2m between Barh ï Ghazipur (290km) and 1.2 to 1.5m in Ghazipur ï 

Allahabad (370km). Even currently this waterway (NW-1) is being used for various cargo 

movements, as well as tourists. Already good amount of cargo movement is taking place 

between Haldia and Farakka (e.g. 3 million metric tonne of imported coal from Haldia to 

NTPC plant near Farakka is being transported since October 2013 through 20 barges of 

2000 dwt capacity each). Considering such a large potential and demands, IWAI has 

initiated the project of ñCapacity Augmentation of National Waterway-1ò between Haldia 

and Allahabad named as ñJal Marg Vikas Projectò. However, considering the available 

LAD and cargo demand scenario, IWAI is focusing on the stretch between Haldia to 

Varanasi at present. 

The capacity augmentation of this magnitude under this project warrants additional 

infrastructural components such as river terminals of appropriate cargo handling 

capacity, provision of navigation aids; river information system; RO-RO jetties; bank 

protection / slope protection works; river training works; inland vessels; survey vessels, 

survey equipment and dredging facilities which are required to be developed in a phased 

and programmatic manner. Certain facilities are already planned such as multi-mode 

terminal at Ramnagar (Varanasi), Sahibganj and Haldia and new navigation lock at 

Farakka. Other developments are under finalization stages. Environmental and Social 

impact assessment studies have been carried out separately for each of already 

identified above four facilities, maintenance dredging and barge operation activities. A 

consolidated environmental impact assessment report is prepared for various above 

components and likely other developments proposed under feasibility report of Jal Marg 

Vikas Project being funded by World Bank. 

1.2. Brief Project Description 

Inland Waterway Transport (IWT) offers a comparatively low cost and environmentally 

sound alternative to road and rail transportation especially for bulk and containerized 

cargo.   Infrastructure requirements of IWT in comparison to road and rail transport are 

also relatively low, although some investments are essential such as in port/terminal 

facilities, connecting road/rail infrastructure, navigation aid and dredging facilities etc.  
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Proposed Project-Jal Marg Vikas aims at improvement of navigation in entire stretch of 

1620 km. of NW-1 (Haldia to Allahabad).NW-1 is the Ganga - Bhagirathi - Hooghly river 

system. NW-1 is being fed by various tributaries at different locations. Major tributaries to 

NW-1 between Haldia to Allahabad are Tons, Gomti, Ghagra, Son, Gandak, Punpun and 

Kosi. The following interventions have been proposed and planned under the Jal Marg 

Vikas Project. 

¶ Maintenance dredging to provide LAD in waterway/channel and the terminal facility 

¶ Improved Navigation Infrastructure & Navigation Aids 

o Construction of 5 Ro-Ro crossings & ferry passenger jetties. Locations of these 

jetties are yet to be identified.  

o Construction of 6 terminals: Site identification and planning for 3 terminals sites 

at Sahibganj, Varanasi and Haldia is completed. 2 more potential sites for 

development of terminals are identified at Ghazipur and Kalughat. These two 

sites are still under consideration for finalization and planning of design at initial 

stage only. One more terminal site along NW-1 is being identified.  

o Construction of one Navigation Lock at Farakka, West Bengal. 

o Provision for tow barges, inland vessels, survey vessels including rescue boats 

and survey equipment. Development of low draught vessels. 

o Development of navigation aids along NW-1 for facilitation of day & night time 

navigation. 

¶ Development of efficient River Information System with all hardware & software. 

¶ Provision for bank protection / slope protection and river training works for critical 

locations. 

The project also envisages the creation and improvement of integration opportunities 

with other surface transport modes such as roads and railways, so as to improve the 

overall efficiency of the logistics chain by linking the waterways through various well 

equipped terminals and jetties.  

Cargo being transported in NW-1 includes cement, fly ash, iron ore, iron ore fines, coal, 

steel shed, tyres, iron fines, iron ingots, Galvanized steel plain sheets, stone chips, 

furnace oil, high Speed diesel, lube oil, boulders, pulses, aluminium block, sand, chips, 

ship block, food grains, Manganese ore, Petroleum, Coke, Cooking coal, Rock 

Phosphate, Timber, Peas, Slag oil, and Non-cooking coal. Traffic projections for the 

planned infrastructure site are given at Table 1.1. The terminals cargo handling capacity 

are being designed considering these traffic projections.  

Table 1.1 : Traffic Forecast for Planned Navigational Infrastructural Facilities 

S. No. Infrastructural 

Facility 

Projected 

Cargo-2015 

(MTPA) 

Projected 

Cargo-2030 

(MTPA) 

Projected 

Cargo-2045 

(MTPA) 

1 Sahibganj 

Terminal 

2.24 4.39 9.00 

2 Varanasi 0.54 1.22 1.22 
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Terminal (with 

current land) 

3 Haldia Terminal 3.18 MTPA 

Source: HOWE Engineering Projects (India) Pvt. Ltd. (Design Consultant) 

There are various challenges for Jal Marg Vikas Project development, which includes 

typical characteristics alluvial river Ganga his braiding, meandering large water 

fluctuations between summer and monsoon months and annual silt loads of 1600 million 

tonnes. The maintenance dredging requirements, planned infrastructures facilities, and 

other facilities are planned keeping these challenges and transportation requirements in 

consideration. The salient features of the Jal Marg Vikas Project with the details of 

planned and proposed developments are given at Table 1.2. Map showing location of 

NW-1 stretch from Haldia to Allahabad is shown in Figure 1.1 below. 

Table 1.2 : Salient Features of Jal Marg Vikas Project 

Salient Features Capacity/Quantity/Nos. 

Facilities Planned ¶ 3 terminal sites (Sahibganj, Varanasi & Haldia) 

¶ 1 new Navigation lock- Farakka 
¶ River bank protection works at planned terminal sites 

and along Feeder canal 

Facilities under Planning 
Stage 

¶ 3 additional terminal sites 

¶ 5 ro-ro crossings 

¶ Barge repair and maintenance facility 
¶ River training works 

¶ River bank protection works at the proposed civil 
intervention sites 

Designed capacity of 
Terminals 

Infrastructural 
Facility 

Projected 
Cargo-
2015 
(MTPA) 

Projected 
Cargo-
2030 
(MTPA) 

Projected 
Cargo-
2045 
(MTPA) 

Sahibganj 
Terminal 

2.24 4.39 9.00 

Varanasi 
Terminal (with 
current land) 

0.54 1.22 1.22 

Haldia Terminal 3.18 MTPA 
 

Navigation Channel 
 

Width-64m 
LAD-3 m from Haldia to Barh, 2.5 m from Barh to Buxar 

and 2.2 m from Buxar to Varanasi at present 

Design Vessel Specifications Vessels of maximum length 110 m, beam 11.4 m, draught 
2.5 m-2.8 m and air draught of 9 m will ply in the waterway 

Size of Vessels  1500-2000 dWT 
River Slope Haldia to Farakka-1 in 11000 

Farakka downstream-1 in 18000 
Farakka to Allahabad-1 in 17,000 

Maintenance Dredging Navigation Channel-15,765,596 cum/year* 
Type of Dredgers CSD, Agitation dredgers/plough dredgers and back hoe 

dredgers 
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Dredge disposal Preferably off-shore, onshore only if sediments are found to 
be contaminated 

*  quantities are tentative and subject to change with revision in planning 

 

Figure 1.1 : Location Map of NW-1 

1.3. Environmental Impact Assessment Process 

This project is classified as Category óAô operations under the world bank environmental 

screening procedures specified under its operation policy 4.01. The project triggers 7 of 

the World Bank safeguard policy1 and requires comprehensive environmental 

assessment. As per EIA Notification, 2006 as amended at present the project 

components like development of terminals & jetties does not requires environment 

clearance but environment clearance may be required for the activities like borrowing of 

earth as may be required for development of project. However detailed environmental 

clearance has been undertaken for all the proposed components to identify the 

environmental and social issues associated with the project. The environmental impact 

assessment was carried out by a consortium led by EQMS India Pvt. Ltd in line with the 

MoEF & CC Guidelines for EIA study for ports & harbours, IFC General guidelines for 

EHS and IFC Guidelines for EHS for Ports, Harbors and Terminals, World Bank 

                                                                 
1The w orld bank safeguard policies triggered are environmental assessment (OP/BP 4.01), Natural Habitats (OP/BP 4.04), Forests  

(OP/BP 4.36), Involuntary resettlement (OP/BP 4.12), Indigenous people (OP/BP 4.10), Physical Cultural Resources (OP/BP 4.11)  

and Project on International Waterw ays (OP/BP 7.5)  
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Operational Policies, Findings of CIA and Standalone EIA studies carried out for civil 

interventions.  

1.4. Anticipated Environmental Impacts and Mitigation Measures 

Environmental impacts have been assessed considering present environmental setting 

of the project area, nature, and extent of the proposed activities. Suitable qualitative and 

quantitative approach was followed for identification of likely impact on each value 

components of environment for design construction and operation stage. The impacts 

were analysed under three broad categories namely (i) Impacts due to dredging 

operations (ii) Impacts due to barge operations (iii) Impacts due to civil interventions. 

Additionally, impact was analysed for climate change and riparian issues. Impacts due to 

land acquisition are covered under separate Social impact assessment and 

Rehabilitation Action Plan report and not included under this summary. 

Maintenance dredging & dredge disposal will be carried out during the operational phase 

of the project to maintain continued navigability throughout the year from Haldia to 

Varanasi in NW-1. Dredging of 14.85 million cubic meter will be undertaken from Haldia 

to Varanasi to maintain LAD of 3 m upto Barh, 2.5 m upto Ghazipur& 2.2 m upto 

Varanasi. Impacts of the dredging are analysed for Physical Environment: on water 

quality and land, Ecological Environment: on aquatic ecology and avi-fauna (6 Important 

bird areas, VGDS, Kashi turtle sanctuary & Hilsa sanctuary), and Socio-Economic 

Environment: cultural (Ghats at Patna & Varanasi), archaeological (9 nos.) and livelihood 

of fishing community 

IWT mode though is safest and most environmental friendly mode of transportation, may 

have impact valued/critical environmental components. Barge movement may impact the 

water quality, river bank & bank structures, air quality, noise level, aquatic ecology, 

health & safety, livelihood of fishermen and socio-cultural aspects.  

The civil interventions will have largely construction and operation related impacts.  

Impacts are summarised based on the impact assessment carried out for Varanasi, 

Sahibganj and Haldia terminals and Farakka navigational lock. The impacts identified for 

these four sites are likely to be the similar for other interventions sites barring few site 

specific issues related to tree cutting, land acquisition, muck disposal and construction 

material sourcing.  

The impacts are assessed both qualitatively and quantitatively and are given in detail in 

the Volume 1.  

1.5. Environment Management Plan 

The Environmental Management Plan (EMP) is a plan of actions for avoidance, 

mitigation and management of the negative impacts of the project and enhancement of 

positive impacts. EMP includes the environment management plans for the various 

activities, environmental monitoring plan (specifying the parameters, frequency and 

responsibilities of monitoring), institutional framework, reporting requirements, auditing 

requirements, training awareness and capacity building programme, grievance redress 

mechanism and environmental budge. Detailed EMP is given in chapter 6 of the Volume 

1.  
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However, the detailed intervention and activity specific plans for Maintenance dredging, 

barge operations, civil interventions are presented in this report.  Standalone EMPs are 

prepared for each of the planned civil intervention, i.e. Sahibganj, Varanasi & Haldia 

Terminals and Farakka Navigational lock and are presented in this report as well.  

Environment Health & Safety (EHS) Policy and Management System: An effective 

environmental health and safety policy is essentially to demonstrate top management 

commitment for environmental protection and occupational health and safety. The policy 

shall be communicated to all stakeholders including workers and shall be freely available 

to them on demand.  

For effective and systematic implementation of the project, it is desirable that IWAI (The 

EA) develops its Environmental and Social management systems which is auditable and 

effectively enforceable. Parallel can be drawn from the experience of National Highway 

Authority of India or Delhi Metro Rail Corporation and adopt EHS system on the similar 

lines. Each contractor should be contractually bound to follow such system and must 

have EHS management system in line with EAôs management system. IWAI should also 

develop its standard technical guidelines for Environmental Assessment, Management 

and Reporting. Training and awareness will be an essential component of the EMP and 

EHS management system. It shall include use of posters, bill boards/glow boards around 

project site and barge NW-1 alignment in Hindi, English & Regional language so as the 

workforce and community can understand it as well.  Some of the important days 

celebrations such as Environment Day (June 5), Red Cross Month (March), Emergency 

Preparedness Week (May 1-7), National safety day (4th April), National Health Day (7th 

April), Fire safety day (14th April), 20th April (Earth day) can be planned for spreading the 

awareness for Environment Protection, Cleanliness and safety among work force and 

community through campaigning. 

Emergency Response and Preparedness Plan and Contingency Response Plan: 

Risks and hazards are associated with every construction site as it involves usage of 

heavy machinery and equipment. Similarly, risks are also associated with the operation 

phase are listed below: 

¶ Vessel Accidents and spillage of commodities (especially oil) 

¶ Leakage or spillage of oil from ships and barges at terminal/jetty 

¶ Drowning in River during material handling and vessel movement 

¶ Hazard to Fishing vessels/gears 

It is proposed that IWAI must equipped itself with guidelines and equipment for handling 

the emergencies. PMU shall evolve its environmental, Occupational health and safety 

guidelines and performance protocol. Budgetary provision has been made under 

environmental budget. The same shall be developed with the help of reputed institutions 

and organisation of repute. It should also follow the system of emergency response and 

suggested emergency response and management plan is included in the report. 

Responsible Carrier Programme of IWAI2: It is proposed that IWAI develops Indian 

Waterways Operations Responsible Carrier Programme which should be developed as 

                                                                 
2Reference is drawn to the successful similar programme of American Waterways Organizationôs Responsible Carrier Programme. 

http://w w w .americanw aterw ays.com/rcp-2016. 
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part of its EHS Management System and Emergency Response Plan and Protocols 

Development. The programme shall have the following components as well: 

¶ Protocol for speed control, monitoring, and vessel tracking 

¶ Protocol of waste management for barge operations and terminals management. 

(including zero discharges and waste disposal to river by barges and terminals. 

This protocol shall also define about waste handling facilities at barges and 

waste disposal facilities at terminals for maintain zero discharge concept. 

¶ Biodiversity protection including accident reporting with Aquatic mammals 

(dolphin) 

¶ Oil spills reporting and control and remediation 

¶ Near-miss reporting/lessons learned and corrective actions program 

¶ Risk assessment procedures to assess and manage risks to personnel, vessels 

and the environment 

¶ Identification of critical or essential equipment/systems 

¶ Authority of the master, crew and shoreside personnel 

¶ Addition of document control procedures 

¶ Tracking of number and volume of spills in performance measurement 

requirements 

¶ Internal and external audit procedures and frequency 

1.6. Institutional Framework of IWAI 

IWAI has set up a project management unit which is staffed with Environmental and 

Social specialists. These specialists would work as an environment and social cell (ESC) 

within PMU. It is proposed that each field unit will have one designated officer 

responsible for environment and social aspects who will also coordinate with ESC. The 

responsibility of ESC will be (i) development of mechanism to ensure implementation of 

suggestive management plans and to integrate this at policy level so as the measures 

can be made mandate to be followed during respective project stage (ii) to review, 

monitor and inspect implementation of the EMP during design, construction and 

operation stages; (iv) implementation of the environmental capacity building and 

awareness programme; (v) coordinating with field units(iv) Reviewing and ensuring 

effective implementation of EMP and regulatory compliance by contractor, and IWAI and 

(v) managing the environmental reporting, and audit process. Contractor will be 

responsible for implementation of Environmental Management Plan and ensuring health 

and safety of the construction workers at site during pre-construction & construction 

phase of the project 

Environment & Safety Compliance and Monitoring Responsibility-Project design 

and implementation stage: The respective contractors shall be liable for 

implementation of suggestive EMPs and IWAI will be responsible to monitor the 

contractorôs performance and adequacy of implementation of EMPs directly or through 

third party (PMC).  
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Environment & Safety Compliance and Monitoring Responsibility-Operation Phase 

and Emergency Situations: IWAI shall be solely responsible for implementation of the 

EMP and emergency response. IWAI shall be liable to ensure that suggestive mitigation 

measures are taken up by the shippers, dredgers and other stakeholders in time and 

adequately. IWAI shall develop the mechanism so as to ensure the adherence and 

compliance of the EMP. It is proposed that IWAI will have dedicated department 

adequately staffed and equippedwith speed monitoring, vessel positioning, and 

emergency response equipemnts like oil spills control and remediation systems. IWAI 

may also adopt mechanism of involving Barge operators on the line of Responsible 

Carrier Programme of Americans Waterways Operators.  

1.7. Reporting requirement 

Contractor would be required to submit monthly and six monthly reports containing the 

status of environment, health & safety at site to PMC (Project management consultant) & 

PMU of IWAI. PMC will be responsible for construction supervision and ensuring 

effective implementation of EMP by the contractor. PMC shall report to PMU monthly 

about the performance and effectiveness of the EMP implemented by contractor on site 

and coordinate with filed units and PMU for necessary corrective actions as may be 

required. IWAI will also organise an independent Environment Audit which will be 

submitted to Bank within 3 months of completion of the second and fourth year of 

implementation period.  

1.8. Training and Capacity Building Programme 

IWAI has already taken actions to augment the capacity of project management unit 

(PMU). A capacity building and training programme has been prepared which includes 

training of staff of Environmental and Social cell of PMU, contractorôs staff (labours & 

engineers), PMC staff and IWAI staff on environmental management, regulatory 

compliance and safety aspects.  

1.9. Conclusion 

IWAI has already taken actions to augment the capacity of project management unit 

(PMU). A capacity building and training programme has been prepared which includes 

training 
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Chapter 2. DESCRIPTION OF THE ENVIRONMENT 

2.1. General 

NW-1 traverse through the state of West Bengal, Jharkhand, Bihar and Uttar Pradesh. The 

terrain throughout the stretch of NW-1 is flat with primarily agriculture land use in the 

surrounding area.   

The natural environment comprises of physical (air, noise, water, topographical, geological, 

land, soil and climate aspects), biological (terrestrial and aquatic floral and faunal aspects) 

and socio-economic aspects. It is sensitive to any developmental activity, so adequate 

preventive measures are taken and environmental conditions are maintained within defined 

environmental parameters. Thus, it is imperative to study the existing environmental 

condition not only to establish maintain the present physical, biological and socio-economic 

conditions but also in order to predict future impacts owing to construction and operation of 

the project. The baselineconditions have been studied based on secondary and primary 

data collection and analysis.  

2.2. Baseline Analysis, Study Area and Salient Environmental Features 

2.2.1. Baseline Data Collection and Study Area 

Analysis of environmental baseline of the project area is an important phase of 

Environmental Impact Assessment process for understanding the prevailing environmental 

conditions in and around project area/alignment. The environmental conditions of NW-1 and 

its intervention areas were established through extensive literature search, field monitoring, 

laboratory analysis, stakeholder consultation and data interpretation. 

Secondary data from literature search were obtained from various Government and non-

government sources such as Meteorological Departments, CPCB publications, National 

River Ganga Basin Authority, IIT consortium reports and other agencies. 

The primary data generation was carried out from 15th September, 2015 to 28thFebruary, 

2016 for different period and frequency at different locations covering the entire stretch of 

NW-1, finalised intervention areas3, likely intervention areas, likely maintenance dredging 

areas4, select existing RO-RO jetty locations, selected existing passenger ferry locations 

and environmental sensitive areas. Being a linear project, the 500m radius5 on either side of 

the bank is considered as core zone; 2 Km radius as immediate influence zone and 10 Km 

radius as extended buffer zone all along the NW-1 stretch and intervention areas. (refer 

Figure 2.1 for study area map).  

 

 

 

                                                                 
3The finalised intervention areas include terminals at Varanasi, Sahibganj and Haldia and navigation lock at Farakkha.   

 
4River bed sampling (dredge sampling) has been carried out upto the depth of 3 m below  river bed level at varying location depending on 

the intensity of the dredging in a particular stretch for assessing contamination level if  any in the dredge material  
5Being a liner project impacts are likely to be confined to w ithin 100m but w e have considered 500m as core zone. Focus of primary data 

collection has been more on this core zone and immediate buffer zone of 2Km.  
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Figure 2.1 : Study Area Map (NW-1) 

2.2.2. Environmental Setting and Salient Environmental Features of the Project Area 

The NW-1 stretch starts from Haldia to Allahabad (1620 KM long) on Ganga - Bhagirathi - 

Hooghly river system. The Hooghly river portion of the waterway from Haldia to Nabadwip is 

under tidal influence. From Nabadwip to Jangipur the NW1 stretch is formed by Bhagirathi 

river. Bhagirathi river flow is regulated through barges at Farakka and Jangipur. From 

Farakka upstream the navigable route depends upon the main Ganga river flow. The 

Feeder Canal and the navigation lock at Farakka become the link between the Bhagirathi 

and main Ganga upstream of Farakka Barrage. NW-1 is passing through four states namely 

UP, Bihar, Jharkhand and West Bengal. Location map, alignment map of NW-1 is showing 

in Figure 2.1.  

The salient environmental features around NW-1 within, 500m, 2km and 10km stretches are 

summarised in Table 2.1. 

Table 2.1 : Salient Environmental Features along NW-1 Alignment 

S. 

No. 

Environmental 

Features 

Within NW-1 (500 M) Within 2 km area 

around NW-1 

Within 10 km area 

around NW-1 

1 Ecological Environment  

 A Presence of National 
Park/Biosphere 
Reserves, Tiger 
reserve etc.  

None 
 

None None 

 Presence of Wildlife 
Sanctuary 

Yes  
1. Kashi Turtle 

Sanctuary at 
Varanasi 

None Yes  

Udhwa lake sanctuary 

in Jharkhand (about 9 
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2. Vikramshila Dolphin 
Sanctuary 
Kahalgaon to 
Sultanganj  

3. Hilsa Sanctuary 
stretch in west 
Bengal    

 

km away from NW-1 

B Reserved /Protected 
Forests 

None None Yes (Bethuadahari RF, 

Bahadurpur RF & RF 

near Rajmahal Hills) 

C Wetland of state and 
national interest  

None None Yes (Udhwa Bird 
sanctuary) 

D Migratory route for wild 

terrestrial animals 

None None None    

E Presence of Schedule-
I Terrestrial Fauna  

None  Yes  
Migratory birds 
near Farakka 
Barrage and 
surrounding   

Yes  
Migratory birds at 
important birdsô areas   

F 
 

Presence of Schedule-
I Aquatic Fauna 

Yes  
Dolphin, and Turtle  

None None 

G Important Bird Area  Vikramshila sanctuary 
area  

Yes  
1. Danapur 

Cantonment 
area  

2. Mokama tal  
3. Kurseala river 

course and 
diyara 
floodplain. 

4. Farakka 
Barrage and 
surround area 
 

Yes  
Udhwa lake sanctuary  
 

H Seismicity NW-1 falls in Zone-III (moderate risk) and zone IV (high damage risk 

zone) as per Seismic Zoning Map of India  

B.  Social Environment 

I Physical Setting Rural, Industrial and Urban  

 Densely populated 
area 

Allahabad, Sirsa, Mirzapur, Chunar, Varanasi, Zamania, Ghazipur, 
Gahmar, Buxar, Ballia, Chappra, Patna, Barh, Bihat, Munger, Bhgalpur, 
Kahalgaon, Sahibganj, Farakka, Berhampore, Katwa, Kalna, Kolkatta 
and Haldia are densely populated areas.  

J Physical Sensitive 
Receptors 

Yes  
Ghats, Temples, Schools, Colleges and Hospitals are present all along 
the NW-1. Details are provided at section 4.7 

K Archaeological 
Monuments 

Yes  

There are 9 archaeological sites located within 300 m area of the NW-1 
and these are Kardmeshwar Mahadeva Mandir, Ramnagar fort, 
archaeological excavation site, Varanasi, Manmahal and observatory, St. 
John's Church, Temple of Gour Chandra and Krishnachandra at Chatra 
(Gaur Chandra Ghat), Hazardwari Palace, Sindhi Dalan and Jami Masjid 
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Details provided in Section 4.7. 

 

2.2.3. Primary Data Collection: Monitoring Plan and Quality Assurance Procedures 

The study period and methodology for primary data collection is followed as per the 

monitoring plan approved by IWAI and World Bank. Summary of monitoring plan and 

sampling, testing methodology followed is shown inTable 2.2. 

Table 2.2 : Summary of Monitoring Plan and Methodologies Adopted for Primary 
Data Collection 

Parameters 

No. Of 

sampling 
locations 

Frequency Remark 

Ambient Air Quality 

PM10, PM2.5, SO2, NOx and                                            
CO 

3 locations 
and 8 sample 
per terminal 

and lock  
 One location 
and 2 samples 

per Ro-Ro 
jetty  

Twice a 

Week 
(within 2 km 
area)  

AAQ monitoring was carried out 
representing upwind, downwind and 

crosswind directions of the site.  24 hours 
sampling at each location was carried out 
as per CPCB guidelines (CPCB Gazette 

notification dated 18.11.2009 on AAQ). 

Meteorology 

Temperature, Humidity, Wind 

speed, Direction, storm, barometric 
pressure, Strom, Rainfall etc. 

 
- 

-- 

Meteorological status of the project 
influence area had been establishing 
through analysing the IMD secondary data 

for 30 yearsô period. 

Ground Water Quality 

pH, Temp., Conductivity, Turbidity, 
TSS, TDS, DO, BOD, COD, oil & 
grease, chloride, NO3, PO4, Cl, SO4, 

Na, K, Ca, Mg, Silica, Hg, Pb, Cd, 
Total Cr, Cu, Zn, Se, Fe, Total 
Coliform (MPN/100 mL), Presence 

and absence of pesticides in water 
samples 

 

3 locations 
per terminal, 
lock  

 One location 
per Ro-Ro 
jetty  

 
Once 

Samples were preserved, transported and 

analysed for different parameters based 
on APHA methods. Temperature, 
conductivity and pH were measured 

instantly at site itself. 
 
 

Surface Water Quality 

pH, Temperature, Conductivity, 
Turbidity, TDS, Aluminium, Calcium, 

Chlorides, Copper, Fluoride, Free 
residual chlorine, Iron, Magnesium, 
Manganese, Nitrate, Phenolic 

compounds, Sulphate, Sulphide, 
Total Alkalinity, Total Hardness, 
Zinc, Cadmium, Cyanide, Lead, 

Mercury, Nickel, Total Arsenic, Total 
Chromium 

 

Biological Parameter: 
Total coliform  
Fecal Coliform  

2 locations 
per 

terminals, 
lock, 3 
locations in 

Sensitive 
Ecosystem   
 and one 

location per 
Ro-Ro jetty  
 

Once  

 
Samples were preserved, transported and 
analysed for different parameters based 

on APHA methods. Temperature, 
conductivity and pH, DO which were 
measured instantly at site itself. 

 

Soil Analysis 
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Texture, bulk density, pH, 
conductivity, cation exchange 

capacity, organic matter, Total N, P, 
K, and Heavy metals etc. 

2 locations per 

terminal/lock  
 One location 
per Ro-Ro 

jetty  

Once  

 
Soil samples were collected at two 

locations and analysed as per IARI 
method 

River bed Sampling 

Texture, bulk density, pH, 

conductivity, cation exchange 
capacity, organic matter, 
Chromium, Arsenic, Mercury, Lead, 

Zinc, Iron, Cupper, Ð, ɓ- ɔ-
Endosulphan, Methyl Parathion, 
and Lindane 

34 dredge 

sampling locat
ion (total 102 
nos. of sample 

at different 
depth) along 
NW-1  

Once in 
season 

Top layer, (composite sample of 0 to 1.0 

m depth), Middle Layer (composite sample 
1.0 to 2.0 m depth) & Bottom layer 
(composite sample of 2.0 to 2.5 m depth) 

at each proposed dredging and borehole 
location. For the sampling location of first 
seven locations sampling of 2.5 to 3 m 

sample will also be drawn and tested. 
Sedimentation sampling was collected and 
analysed as per IARI method.  

Noise Environment 

Noise profiling for 24 hrs 

3 locations per 
terminal and 

lock  
 One location 
per Ro-Ro 

jetty and six 
locations per 
sensitive 

ecosystem   

Once in 
season 

Noise monitoring was conducted within 2 
km area of terminal/lock/ ROo-RO jetty 
and sensitive ecosystem for noise profiling 

for 24 hrs using integrated sound level 
meter, as per CPCB guidelines. 

Aquatic Ecology 

Phytoplankton, Zooplankton, 
benthos                   

3 locations per 

terminal and 
lock/sensitive 
ecosystem   

 One location 
per Ro-Ro 
jetty 

Once in 
season 

River water sampling was also carried out 
for aquatic ecology and analysed as per 

APHA method. 

Terrestrial Ecology 

Flora & Fauna  Along NW-1 Once  Primary survey/ Secondary sources 

Terrestrial Ecology 

Demography & Socioeconomic Along NW-1 Once  
Primary survey/ Secondary sources 
 

 

Standard methods and procedures (QA/QC procedures) were strictly followed covering all 

the components of in-situ base line surveys including sample collection, handling, laboratory 

analyses, data coding, statistical analyses, presentation and communication of results. All 

samples analysis was carried out by NABL/MoEF&CC accredited/recognized laboratory.  

2.3. Physical Environment  

2.3.1. Topography 

The whole NW-1 (Allahabad to Haldia) falls within a relatively flat terrain. Physiographically, 

it constitutes a part of the Indo-Gangatic plain, which is largely flat, featureless and is 

formedof recentalluvial deposits of the river Ganga and its tributaries. River erosion, change 

in course of rivers and human activities of recent times has played an important role in 

shaping the relief of the river terrain. Based on the contour of the NW-1, the Digital 

Elevation Model has been prepared for 10 km area around the NW-1. The Nearest 

Neighbour method has been used to interpolate the elevation data to develop the elevation 

model. The elevation within this stretch ranges between 321 m to 1 m. Highest elevation 
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was observed at Sahibganj area (Jharkhand), because of presence of hillocks in this area. 

The map shown below depicts clearly that the elevation of waterways declines from western 

to eastern part towards Haldia. Digital Elevation Model of study area is shown in Figure 2.2. 

 

Figure 2.2 : DEM of NW-1 

2.3.2. Drainage Pattern (Ganga River) 

The Ganga River (about 2525 km long) is fed by runoff from a vast catchment area bounded 

by the snow peaks of the Himalaya on one side in the north and the peninsular highlands 

and the Vindhya Range on the other side in the south. The basin encompasses an area of 

more than a million square kilometres (1,186,000 Sq. km) spread over four countries: India, 

Nepal, Bangladesh and China. With 861,404 Sq.km within India itself, the Ganga basin is 

the largest river basin in India and covers approximately 25 percent of Indiaós total 

geographical area. The catchment area, length, total utilizable water of Ganga river basins 

within India and the states that they cover is shown in Table 2.3. State wise distribution of 

drainage area of Ganga river is mentioned in Table 2.4.    

Table 2.3 : Ganga river Basin Catchment Area 

S. No. Length (km.) Catchment Area (Sq. km.) Total utilizable water 

1 2525 861404 (1186000) 420.99 

Source: Status paper on river Ganga, NERD, MoEF, 2009  
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Table 2.4 Distribution of the Drainage Area of Ganga River in India 

S. No. State Total Geographical 
Area (Sq. Km) 

Drainage area as 
Percent of Total 
Geographical Area 

1  Uttar Pradesh & Uttarakhand 294364  34.2 

2  Madhya Pradesh  198962  23.1 

3  Bihar & Jharkhand  143961  16.7 

4  Rajasthan  112490  13.1 

5  West Bengal  71485  8.3 

6  Haryana  34341  4.0 

7  Himachal Pradesh  4317  0.5 

8  Delhi  1484  0.2 

 Ganga Basin (Total)  861404  100.0 

Source: Status paper on river Ganga, NRCD, MoEF, 2009 

2.3.3. Drainage pattern NW-1 

Many tributaries of Ganga namely, Tons, Son, Gomati, Ghaghara, Gandak, Burhi Gandak 

and Kosi meets NW-1 after Allahabad. Drainage pattern of the NW-1 is controlled by these 

rivers. By the time Ganga reach the head of its delta at Farakka (after Rajmahal) in the state 

of Jharkhand, its water flow and volume increases substantially due the contribution from 

these tributaries. Its water quality and sediment load also fluctuate depending on the 

composition of the contributing stream. Beyond Farakka, the Ganga river bifurcates into the 

Padma and the original channel of the Ganga, known as the Bhagirathi. Therefore, the 

Bhagirathi is treated as the main Ganga for all purposes in West Bengal.  

The Padma, carries the majority of Ganga river flow, eventually turns south-eastwards into 

Bangladesh, while the Bhagirathi (Ganga) winds southwards down the deltaic plain of West 

Bengal and ultimately empties into the Bay of Bengal under the name of Hugli. Nearly 

halfway between Farakka and Sagar Island, the hydraulic character of the Bhagirathi 

(Ganga) changes upon its entry into the tidal zone of the Gangetic delta. The speed and 

direction of water in the estuarine streams and creeks are in continual flux due to the ebb 

and flow of the tides. Drainage Map of Ganga River in NW-1 stretch is shown in Figure 2.3. 

Line diagram of the River Ganga and its major tributaries meeting in NW-1is shown in 

Figure 2.4. 
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Figure 2.3 : Drainage Map of 2 Km radius of NW-1 

 
(Source: NMCG report) 

Figure 2.4 : Line Diagram of Ganga and its tributaries 
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2.3.4. Land use Pattern  

NW-1 passes through states of Uttar Pradesh, Bihar, Jharkhand and West Bengalwhichare 

extensively cultivated, constituting about 10 per cent of the total area of the India. About 11 

per cent of total land of NW-1 states is fallow land and 52% percent as net sown area. The 

cropping intensity is highest in west Bengal with 184.1 per cent followed by Jharkhand, Uttar 

Pradesh and Bihar. The overview of land use pattern of the sates traversed by NW-1 is 

shown in Table 2.5.  

Table 2.5 : Overview of Land use in the States traversed by NW-1 

Land use 
West 

Bengal 
Jharkhand Bihar Uttar 

Pradesh 
Total 

NW-1 States 

India 

Geographical Area 88750 79720 94160 240930 503560 3287260 

Reporting Area for 
Land Utilization 

Statistics 
86840 79700 93600 241700 501840 3056740 

Forest 11740 22390 6220 16580 56930 696260 

Land not Available for 
Cultivation 

17830 13190 20830 32680 84530 432180 

Total Fallow land 3310 23410 6860 19480 53060 251480 

Net Area Sown 52960 15360 56650 164170 289140 1408610 

Total Cropped Area 97520 23910 79100 249270 449800 1958350 

Cropping Intensity (%) 184.1 155.7 139.6 151.8 157.8 139 

(Source: Directorate of Economics and Statistics, Department of Agriculture 2008; indiastat.com 

2.3.5. Land use pattern along NW-1 

The land use analysis of study area (10 km area around NW-1) was carried out using 

remote sensing data. Systematic interpretation was carried out using a set of digitized 

images with color-coding for delineating the land use classes. By integrating the areas 

demarcated under different land use/land cover as different coloursare assigned to different 

land use/land cover types of satellite imagery6 .   

The land use classes in 10 km area of the NW-1 are agricultural land, settlement, water 

body, forest, barren land and vegetation. Land use within the 10 km Radius of the NW-1 is 

majorly dominated by agricultural land. Both sides of the NW-1 are occupied by Agricultural 

land and about 78.9 % of the land is under cultivation. NW-1 also passes through many 

urban areas. About 7.18% of the land is under settlement. As per the land use data analysis 

about 7.21% of the land is under water bodies, about 3.59% of the land is under vegetation, 

2.82% of the land is under dry river bed and rest of the land falls under other uses (refer 

Table 2.6).  

 

Table 2.6 : Land use of the Study Area 
Sl. 
No. Class Area(KM2) Percent (%) 

1 
Agricultural Land 

19767.57 78.90 

2 Water body 1805.8 7.21 

                                                                 
6The satellite Imagery of Indian Remote Sensing Satellite (IRS- ID, sensor P6, LISS III) of 24 m resolution w as used. The Sw ath of the 

imagery is 141 Km x 141 Km. Band used are 4, 3, 2 and 5. LANDSAT imagery of 30 m resolution and 185 x 185 km sw ath is also used 
for the comparative and overall analysis of the area. LISS III imagery and LANDSAT 4-5 TM imagery w ere used for the complete 
coverage of the study area 
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3 Vegetation 899.94 3.59 

4 Settlement 1799.93 7.18 

5 Dry River Bed 705.76 2.82 

6 Open Land (Non Agri. Land) 76.01 0.30 
Total 25055.01 100.00 

Source: Satellite Image Analysis 

The land use map of different sections of NW-1 is shown in Figure 2.5 to 2.7.   

 

Figure 2.5 : Land use Map (Allahabad to Patna) 
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Figure 2.6 : Land use Map (Patna to Katwa) 
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Figure 2.7 : Land use Map (Katwa to Haldia) 

2.3.6. Cropping Pattern  

The Ganga River with its fertile soil have a great influence to the agricultural economies of 

adjoining district along the NW-1. The Ganges and its tributaries provide a constant source 

of irrigation water catering to the agricultural needs of an extensive area along the NW-1. 

The major crops cultivated in that area include rice, lentils, sugarcane, potatoes, oil seeds 

and wheat. Along the banks of the river, the existence of swamps and lakes also provide a 

rich fertile soil for crops like legumes, chilies, sesame, mustard, sugarcane, and jute.  

2.3.7. Major Habitation along the NW-1 

The major habitation located along NW-1 are Allahabad, Sirsa, Mirzapur, Chunar, Varanasi, 

Zamania, Ghazipur, Gahmar, Buxar, Ballia, Chappra, Patna, Barh, Bihat, Munger, Bhgalpur, 

Kahalgaon, Sahibganj, Farakka, Berhampore, Katwa, Kalna, Kolkata and Haldia.  

2.3.8. Geology 

Ganga river basinis part of the tectonically active foreland basin of the Himalayan mountain 

range formed by collision of the Indian tectonic plate with the Eurasian plate more than fifty 

million years ago. Thus, most of the area of NW-1 consists of alluvial plains formed during 

the Tertiary and Quaternary periods by flood deposits of Himalayan rivers. The Ganga river 

network not only conveys water, but also transfers enormous amount of eroded Himalayan 

sediments to the sea. The alluvial deposits on the plain area constitute large and highly 

productive multi-aquifer systems in the area, which are a major storehouse of ground water. 
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The soils of the area are also largely alluvial. Geological map of NW-1 is shown in Figure 

2.8. 

 

Figure 2.8 : Geological Map of India 

2.3.9. Volcanic activity 

There areno records of any volcanic eruption in NW-1 region or even in its surrounding 

areas. 

2.3.10. Seismicity 

As per seismic classification of India, most of the NW-1stretch falls under zone-IIIwhich 

means moderate seismic risk. Some stretch in Bihar state falls under zone IV which means 

high seismic risk. The seismic zoning map of India is showing Figure 2.9. 
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                        (Source: As per IS:1893 Part I 2002) 

Figure 2.9 : Seismic of Zones Map of India 

2.3.11. Soil 

Soils may be defined as a thin layer of earth's crust that serves as a natural medium for the 

growth of plants wherein root zone develops. It is the unconsolidated mineral matter that 

has been subjected to and influenced by genetic and environmental factors. Soils serve as 

a reservoir of nutrients for plants and crops and also provides mechanical anchorage and 

favourable tilts. Soil is the seat of many macro and micro flora like algae, fungi, earthworms, 

bacteria etc. They are very beneficial in promoting soil reactions and decomposing the 

organic matter by which essential nutrients for plants are liberated. 

A. Regional Soil Types 

The NW-1 stretch is characterised by a wide variety of soils. The soils of the high Himalayas 

in the north are subject to continued erosion and the Gangetic trough provides a huge 

receptacle into which thousands of metres of thick sediment layers are deposited to form a 

wide valley plain. The Deccan plateau in the south has a mantle of residual soils of varying 

thickness arising due to the weathering of the ancient rocks of the peninsular shield. Three 

classes of soils have been developed in the states of NW-1 under different Lithological, and 

climatic conditions. Among the soil types, alluvial soil, red soil and red and yellow soil are 

found in the NW-1 stretch. The soil of four states of NW-1reflects a variety of soils. Some of 

the soils are highly susceptible to erosion. The alluvial soils, covering maximum area of the 

NW-1, hasvery high erodibility; red soils covering of the study area has high erodibility, red 

& yellow soils has moderate erodibility, Broadly, it can be said that soils in Uttar Pradesh, 

Bihar, Jharkhand and West Bengal, through which the main stem of Ganga and all its 

tributaries flow, have very high erodibility. 
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Most of the NW-1 stretch is dominated by alluvial soil type. The entire alluvial formation is 

endowed with rich soil nutrients. The alluvial deposits of the Ganga and its tributaries, 

coming down the Himalaya and the peninsular foreland, have yielded annual harvests of 

crops for the past thousands of years with little significant deterioration. Besides paddy, this 

tract produces a wide variety of crops including wheat, jowar, bajra, small millets, pulses of 

different kinds, maize, cotton, jute and many other food and commercial crops. 

B. Study, Sampling and Analysis 

The physicochemical characteristics of soils within the study area, soil sample were also 

collected from proposed interventions along the NW-1. The physicochemical characteristics 

of the soils in the study area, as established from the analysis of the soil samples are 

presented in Table 2.7 and 2.8.  
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Table 2.7 : Soil Quality along NW-1 (near Proposed Terminal Locations) 

S. 
No

. Parameter  Unit 

West Bengal Jharkhand Uttar Pradesh 

Haldia 
Terminal 

Farakka  
(LockGate) 

Tribeni 
Terminal 

Sahibganj 
Terminal 

(Samdanala) 
Ghazipur 
Terminal 

Varanasi 
Terminal 

Physical Characteristics 

1. 

Texture  

USDA 

System Sandy Clay  Clay Loam Sandy Clay  Clay Loam Clay Loam Clay Loam 

2. Water Holding 
Capacity % 30.6 30.2 29.5 30.2 31.4 36.0 

3. Bulk Density  gm/cc 1.39 1.29 1.35 1.32 1.26 1.30 

4. Porosity % 47.6 51.3 49.1 50.2 52.5 50.9 

Chemical Characteristics 

5. pH  20 % Slurry 7.86 6.85 7.25 6.58 7.72 7.40 

6. Conductivity (EC) µmhos/cm 235.4 135.4 279.2 272.0 305.6 360.5 

7. CEC meq /100-gm 20.5 16.8 22.5 19.5 21.5 18.0 

8. Organic Matter (OM) % 1.34 1.69 1.29 1.55 1.14 0.9 

9. Organic Carbon (OC) % 0.78 0.98 0.75 0.90 0.66 0.52 

10. Primary Nutrients 
     

 

i) Nitrogen as N Kg/ha 245.8 325.8 281.5 298.6 345.5 280.2 

ii) Phosphorous as P Kg/ha 20.5 24.3 25.2 19.6 16.8 16.2 

iii) Potassium as K Kg/ha 139.5 116.5 128.2 225.7 245.2 168.8 

Micronutrients 

11. Manganese as Mn mg/kg 18.2 565.2 26.5 26.8 14.5 11.8 

12. Chromium as Cr mg/kg 76.5 26.7 2.16 <0.01 5.7 10.5 

13. Arsenic as mg/kg <0.01 2.65 <0.01 <0.01 <0.01 <0.01 

14. Mercury as Hg mg/kg <0.01 0.12 <0.01 <0.01 <0.01 <0.01 

15. Lead as Pb mg/kg 11.8 35.6 28.5 <0.01 6.4 5.8 

16. Zinc as Zn mg/kg 31.9 38.5 <0.01 1.28 1.16 1.04 

17. Iron as Fe mg/kg 31.2 2.44 2.68 42.2 24.3 12.9 

18. Copper as Cu mg/kg 16.8 15.6 13.8 3.56 2.24 2.45 

19. Cadmium as Cd mg/kg 1.25 0.35 0.88 <0.01 0.85 0.75 

20. Nickel as Ni mg/kg <0.01 16.5 <0.01 0.89 2.15 1.88 

Source: Data sampling & Analysis by JV and NABL accredited Lab 
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Table 2.8 : Soil Quality along NW-1 (Near Existing Ro-Ro / Jetty / Floating Terminal Locations) 

S. 
No
. 

Parameter  Unit  
West Bengal 

Jharkhan
d 

Bihar 

Diamond 
Harbor  Howrah 

Shantipur 
Ghat  

Hazardwa
ri 

Katw
a 

Paku
r 

Mangal 
Hat  

Munge
r  

Patn
a 

Buxe
r 

Physical Characteristics 

1. 

Texture  
USDA 

System 

Sandy Clay 

Clay 
Loam 

Sandy Clay 

Sandy 
Clay 

Clay 
Loam 

Sand

y 
Clay 

Sandy 

Clay 

Sandy 

Loam 

Sand

y 
Loam 

Clay 

Loam 

2. Water Holding Capacity 
(WHC) % 32.6 30.5 31.8 30.5 

29.7 30.5 29.4 28.9 29.6 33.8 

3. Bulk Density (BD)  gm/cc 1.37 1.28 1.35 1.39 1.36 1.35 1.30 1.42 1.48 1.25 

4. Porosity % 48.3 51.7 49.1 47.6 48.7 49.1 50.9 46.4 44.2 52.8 

Chemical Characteristics 

5. pH  20 % Slurry 7.66 7.01 7.72 7.35 6.62 7.56 7.08 7.68 7.46 7.36 

6. Conductivity (EC) µmhos/cm 224.4 235.6 298.5 228.3 261.5 278.5 220.6 244.8 224.2 272.9 

7. 

CEC 

meq /100-

gm 18.8 16.5 20.6 22.8 

24.4 18.2 21.5 10.5 9.6 18.5 

8. Organic Matter (OM) % 1.17 1.34 1.07 1.24 1.66 0.88 1.02 1.10 1.12 0.83 

9. Organic Carbon (OC) % 0.68 0.78 0.62 0.72 0.96 0.51 0.59 0.64 0.65 0.48 

10. Primary Nutrients 

i) Nitrogen as N Kg/ha 245.8 264.3 278.5 229.7 272.8 255.4 226.4 238.5 227.5 255.1 

ii) Phosphorous as P Kg/ha 22.5 29.7 26.2 20.6 32.4 28.5 25.6 28.2 26.8 31.5 

iii) Potassium as K Kg/ha 128.5 124.9 123.4 246.6 185.5 142.6 252.8 267.9 252.7 236.8 

Micronutrients 

11. Manganese as Mn mg/kg 10.2 18.7 16.8 15.9 18.6 16.2 19.6 15.8 17.1 13.7 

12. Chromium as Cr mg/kg 32.4 17.6 6.58 20.3 8.4 14.8 22.8 <0.01 <0.01 <0.01 

13. Arsenic as mg/kg 1.22 1.12 0.95 <0.01 <0.01 8.5 <0.01 <0.01 <0.01 <0.01 

14. Mercury as Hg mg/kg 0.16 0.12 0.27 <0.01 <0.01 0.85 <0.01 <0.01 <0.01 <0.01 

15. Lead as Pb mg/kg 14.2 16.8 11.6 5.2 6.8 4.6 6.5 <0.01 <0.01 <0.01 

16. Zinc as Zn mg/kg 24.5 1.88 1.15 0.76 0.44 0.95 0.82 2.62 2.06 1.16 

17. Iron as Fe mg/kg 2.45 28.4 30.8 28.5 33.8 24.8 37.5 24.2 32.4 28.2 

18. Copper as Cu mg/kg 12.8 8.6 12.4 2.25 2.66 2.55 1.95 2.11 2.07 2.15 

19. Cadmium as Cd mg/kg 0.67 <0.01 <0.01 1.18 <0.01 0.24 1.14 <0.01 <0.01 <0.01 

20. Nickel as Ni mg/kg <0.01 <0.01 <0.01 <0.01 <0.01 12.8 <0.01 <0.01 <0.01 <0.01 

Source: Data sampling & Analysis by JV and NABL accredited Lab  
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C. Soil Characteristics 

Physical Properties  

The physical characteristics examined include colour, texture, bulk density, porosity and 

water holding capacity. The soil along the NW-1 is alluvial type. As per óUSDAô Triangular 

Classification System, overall soils of all the sampling locations along NW-1 can be 

described as Sandy Clay, Sandy Loam and Clay Loam type. Soils having larger particles 

usually have higher Bulk Density than those of smaller particles. Bulk Density of soils along 

NW-1 was found in the range of 1.25 to 1.48-gm/cc. Porosity of soils wereobserved 

between 44.2 to 52.8%. Water Holding Capacity (WHC) of the soils varied between 28.9-

33.8%. 

Chemical Characteristics 

The analysis reflected that the soils are generally neutral to slightly alkaline nature with pH 

ranging from 6.62-7.86 at all locations along with NW-1ò. Electrical Conductivity (EC) was 

found varying between 135.4-360.5-µmhos/cm and found with acceptable range.  

 

Nitrogen is an integral component of many compounds including chlorophyll and enzyme 

essential for plant growth. Available nitrogen content in the surface soils along NW-1 stretch 

ranges between 244.48 & 345.5-kg/ha thereby, indicates that soils are low to medium for 

available nitrogen content. 

 

Phosphorous take part in important functions like photosynthesis, nitrogen fixation, crop 

maturation, root development, strengthening straw in cereal crops etc. Available 

phosphorus content ranged between 16.2-32.4-kg/ha thereby indicating that soils are low in 

phosphorus in Jharkhand zone, medium in Uttar Pradesh and is on higher side in the soils 

of West Bengal. 

 

Potassium is an activator of various enzymes responsible for plant processes like energy 

metabolism, starch synthesis, nitrate reduction and sugar degradation. It is also important in 

grain formation and tuber development and encourages crop resistance for certain fungal 

and bacterial diseases. Available potassium content in these soils at sampling locations 

ranged between 116.5-267.9-kg/ha thereby indicating that the all sampled soils were 

medium category of available potassium. 

 

Cation Exchange Capacity (CEC) was found in the range of 9.6 to 24.4-meq/100-gm at all 

locations along with NW-1. Range of copper, zinc, Chromium, Lead and other 

micronutrients were observed in normal range.  

 

Thus, the overall soil along the NW-1 area is moderately fertile and not expected to be 

detrimental to the growth of agricultural and forest crops. Above description based on 

physicochemical properties reveals that the soils fall within medium fertility levels in the 

entire stretch of NW-1 (Haldia to Allahabad). 

2.3.12. Meteorological Data (30 years avg.) 

The main climatic factors of concern are temperature, sunlight and precipitation. In India, 

there are four-temperature zones namely tropical, sub-tropical, temperate and alpine. 

Among these, the tropical zone (Humid, sub-tropical and Tropical wet and dry) is most 

predominant in the entire NW-1 stretch. 
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The meteorological parameters also play a vital role in transport and dispersion of pollutants 

in the atmosphere. Historical meteorological data were obtained from climatological tables 

pertaining to different IMD stations all along the NW-1. The met data of the nearest 

representative IMD stations all along the NW-1(period 1961-1990) is summarized in Table 

2.9 and 2.10. 
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Table 2.9 : Meteorological Data (Period 1961-1990) 

Month Kolkata, IMD Malda, IMD Bhagalpur, IMD Patna, IMD Varanasi, IMD 
Temp 
(OC) daily 

Relative 
Humidity, 
% 

Rain 
Fall 

Temp 
(OC) daily 

Relative 
Humidity 
% 

Rain 
fall 

Temp 
(OC) daily 

Relative 
Humidity, 
% 

Rain 
Fall 

Temp 
(OC) daily 

Relative 
Humidity, 
% 

Rain 
fall 

Temp 
(OC) daily 

Relative 
Humidity, 
% 

Rain 
fall 

Max Min  Max Min mm Max Min  Max Min mm Max Min  Max Min mm Max Min  Max Min mm Max Min  Max Min mm 

Jan 26.4 13.8 71 55 15.0 25.1 11.8 67 56 10.1 24.6 11.9 78 65 11.9 23.3 9.1 78 59 13.2 23.2 9.2 77 53 17.7 

Feb 29.4 17.0 65 48 24.4 28.0 13.9 61 47 10.1 27.4 14.1 69 56 11.2 26.0 11.3 69 48 13.1 26.4 11.6 67 42 17.1 

Mar 33.8 21.8 66 47 32.9 33.3 18.0 53 40 12.0 33.6 19.3 57 43 9.3 32.3 16.2 53 33 11.7 32.8 16.4 51 29 9.3 

April 35.7 25.0 69 59 57.0 36.9 22.1 57 43 36.9 37.5 23.8 58 41 26.0 37.1 22.0 48 27 10.1 38.5 22.1 42 25 5.4 

May 35.6 26.1 71 65 120.7 36.0 24.0 65 54 120.3 37.5 24.8 68 51 63.6 38.0 24.9 59 37 40.0 40.4 25.5 49 29 13.2 

June 34.0 26.5 78 75 291.2 34.5 25.6 72 66 189.4 36.0 26.4 77 68 188.7 36.5 26.6 70 55 123 38.5 27.2 62 47 91.3 

July 32.4 26.1 82 81 375.7 32.6 25.7 76 74 332.8 33.1 26.2 84 79 293.5 32.9 26.0 83 75 360 33.7 25.8 81 72 309.3 

Aug 32.1 26.0 83 82 348.4 32.7 25.9 77 73 248.8 32.9 26.3 84 79 235.9 32.5 26.0 83 76 269 32.9 25.4 84 76 286.5 

Sept 32.4 25.8 80 81 291.4 32.8 25.5 75 73 229.7 33.1 25.9 82 78 204.0 32.3 25.2 82 76 213 32.9 24.4 81 72 203.5 

Oct 32.2 23.8 73 72 137.7 31.8 22.9 72 68 107.6 32.4 23.1 77 71 97.4 31.6 21.4 76 69 93 32.8 20.5 72 59 27.3 

Nov 30.1 19.1 66 64 22.2 29.5 17.7 66 61 11.4 30.0 17.8 72 65 4.2 28.9 14.9 73 64 8.1 29.5 14.3 68 54 13.8 

Dec 26.9 14.3 70 61 11.9 26.3 13.1 67 60 6.2 25.8 12.9 77 67 5.4 24.5 9.8 77 62 5.5 24.7 9.9 75 55 5.9 

(Source-IMD) 
Table 2.10 : Meteorological Data (Period 1961-1990) 

 Kolkata, IMD Malda, IMD Bhagalpur, IMD Patna, IMD Varanasi, IMD 

Wind 

speed 

Pre-

dominant 

w ind 

direction  

Pressure 

 

Wind 

speed 

Pre-

dominant 

w ind 

direction  

Pressure 

 

Wind 

speed 

Pre-

dominant 

w ind 

direction  

Pressure 

 

Wind 

speed 

Pre-

dominant 

w ind 

direction  

Pressure 

 

Wind 

speed 

Pre-

dominant 

w ind 

direction  

Pressure 

 

Kmph  From  hpa Kmph  From  hpa Kmph  From  hpa Kmph  From  hpa Kmph  From  hpa 

Jan 3.0 NW, N 1014.8 2.7 N,NW 1013.7 3.0 SW,W 1012.3 2.6 W,SW 1006 3.4 W, NW NA 

Feb 4.0 NW, N 1014.2 3.0 W,NW 1011.3 4.0 SW,W 1009.8 3.3 W,SW 1007 4.3 W, NW NA 

Mar 5.6 S, SW 1011.2 3.4 W,NW 1008.3 5.6 SW,W 1006.6 4.2 W,SW 1004 5.0 W, NW NA 

April 8.2 S, SW 1007.6 4.4 E,SE 1004.4 8.2 E,W 1002.7 6.2 E,W 1000 5.4 W, NW NA 

May 8.7 S, SW 1004.1 4.7 E,SE 1001.6 8.7 NE,E 999.4 7.9 E, NE 996 5.7 W,NW NA 

June 7.2 S, SE 999.6 4.6 E,SE 997.9 7.2 E,SE 995.3 7.3 E, NE 992 5.7 W, NW NA 

July 6.4 S, SE 1000.0 4.0 E,SE 997.7 6.4 E,SE 995.7 6.2 E, NE 992 5.8 W, E NA 

Aug 5.7 S, SE 1001.0 4.2 E,SE 998.6 5.7 E,SE 996.7 5.6 E, NE 994 5.0 W, E NA 

Sept 5.1 S, SE 1005.1 3.8 E,SE 1002.7 5.1 E,SE 1000.9 5.1 E, NE 998 4.8 W, E NA 

Oct 3.7 NW, S 1010.4 2.5 N,NE 1007.2 3.7 E,W 1006.5 2.7 E 1004 3.0 W, NW NA 

Nov 3.1 NW, N 1014.2 2.4 N,NW 1011.6 3.1 SW,W 1010.6 1.9 W,SW 1008 2.3 W, NW NA 

Dec 2.9 NW, N 1016.6 2.6 N,NW 1013.7 2.9 SW,W 1012.7 1.9 W,SW 1010 3.0 W, NW NA 

(Source-IMD)
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A. Wind Speed and Direction 

The wind speed in the area was mostly between 1.9 km/hour at Patna IMD and maximum of 

8.7 km/hour at Kolkata IMD for all the months of a year (Figure 2.10). The predominant 

wind direction is from North and Northwest direction in winters and South and Southeast 

direction during rest of the season.  

 

(Source: Analysis of IMD data) 

Figure 2.10 : Wind Speed at different IMD stations along NW-1 

B. Rainfall 

The annual total rainfall in all IMD stations (representing respective city/towns) ranges 

between 1000.3mm at Varanasi and 1728.5 mm at Kolkata. Over 80% of the total annual 

rainfall at all locations is received during the monsoon period between June to September 

(Figure 2.11). 

 
(Source: Analysis of IMD data) 

Figure 2.11 : Monthly Rainfall 
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C. Relative Humidity 

The air is generally dry in the region except during monsoon. March and April are the driest 

months with relative humidity ranging between 25-84%. Lowest humidity was observed in 

Varanasi (as per IMD records) which slightly increased with decreasing altitude. The 

maximum humidity was observed during rainy season as reflected in database of all IMD 

stations along NW1 (Figure 2.12). 

 
 

 
(Source: Analysis of IMD data) 

Figure 2.12 : Monthly Relative Humidity 

D. Temperature 

December and January constitutes winter months with daily mean minimum temperature of 

around 9.1oC at Patna (IMD Station) and daily mean maximum temperature of around 

26.9oC at Kolkata. April and May are the hottest months with daily mean maximum 

temperature varying around 40.4oC at Varanasi and daily mean minimum temperature 

around 24oC at Malda (IMD records) (Figure 2.13).  
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(Source: Analysis of IMD data) 

Figure 2.13 : Monthly Temperature 

E. Barometric Pressures 

The station level barometric pressure at all IMD sites ranged between 997 to 1016.8 h Pa.  

The station level pressure is highest in winter months and low in during rainy season.  

F. Day Time Length: 

At Allahabad, the longest day of the year (falling in June) is of 13 hours 35 minutes of 

daylight. The shortest day (falling in December) is only of 10 hours 24 minutes long. 

Similarly, at Haldia (which is farther towards South, and closer to the equator), the longest 

day of the year is of 13 hours 29 minutes, and the shortest day is of 10 hours 47 minutes. 

G. Visibility 

Visibility is of key concern for safe navigation all along NW1. A review of climate data for a 

few key locations along the NW-1 route suggests that there are occasions with reduced 

visibility (characterised by the average number of days affected by fog). The time period 

over which fog is likely to affect the NW-1 route extends from October to March inclusive. 

There is a subtle difference in the period of the year when fog is more likely to affect 

navigation on different locations particularly the locations falling nearer the coast (Haldia 

and Kolkata) are having a larger window over which fog could occur (October to March). 

Berhampur is having the narrowest window (January to March). The greatest probability of 

fog occurring at locations along the NW-1 route is during January, the potential inland 

locations (Patna and Varanasi) to be affected by fog on more than 50% of days during 

December and January. Visibility may also be reduced significantly during periods of heavy 

rain. During such conditions, the performance of vessel-mounted navigation aids, such as 

radar, may also be affected. 

H. Site specific Met Data at proposed terminals 

Secondary one-month data was collated for terminal and Lock locations at Haldia, Farakka 

lock, Sahibganj and Varanasi. The analysis reflected that predominant wind direction all 

along NW-1 is from NW, WNW, E, S and SE direction. The prevalence of calm period 

ranges between 26 to 31%. Site specific met data and wind roses are givenin Table 2.11 

and Figure 2.14. 
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Table 2.11 : Meteorological Data 

IMD  Temperature 

(deg C) 

Relative 

Humidity, 
% 

Wind speed 

Range 
m/s 

Predominant 

wind 
Direction  

Calm Period 

Max Min Max Min Min  Max (from) % 

Haldia Site 38.5 25.6 94 34 0.5 8.8 S, SE 26.06 

Farakka site  38.6 22.5 81 56 0.5 5.7 ESE, E 24.3 
Sahibganj 39.0 22.0 97 30 0.5 8.8 ESE, E 30.2 

Varanasi  35.4 23.4 78 57 0.5 6.5 WNW, NW 31.2 

(Source-World Weather on line.com) 

 
Windrose diagram Haldia site 

 
Windrose diagram Farakka site 

 
Windrose diagram Sahibganj site 

 
Windrose diagram Varanasi site 

Figure 2.14 : Wind Rose Diagram 

I. History of Cyclones: 

As per Cyclone Hazard Prone Map of India, some stretch of NW-1 close to Haldia in West 

Bengal (nearer to sea) fallsin Cyclone prone area.  Cyclone hazard prone areas of NW-1 

are shown at Figure 2.15. 




















































































































































































































