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ACCELERATED DEVELOPMENT OF MINOR IRRIGATION (A.D.M.I) PROJECT 
IN WEST BENGAL

ENVIRONMENTAL ASSESMENT

EXECUTIVE SUMMARY

1. Background: The program of the ‘Accelerated Development of Minor Irrigation‘ of the State Government of West Bengal specifically aims at developing and or rehabilitating community-based minor irrigation systems on sound techno-economic, environmental and social principles. The execution of the program stresses on   the strategy of conjunctive use of surface and ground water relying on the principles of equitable distribution of water keeping in view, in particular, the socially and economically disadvantaged groups amongst farming communities in project influence areas. The State Government is aware that in absence of the opportunities of extending lands under agriculture, the productivity in agriculture can be augmented and sustained only through providing input of assured irrigation to lands under cultivation with the requisite provision of support services for intensification and diversification of agricultural systems and adoption of improved post-harvest technologies, purposeful and effective advisory services coupled with a higher degree of market integration. Through the execution of this program, the cropping intensity has been proposed to be raised to the level of 200% on an average in 6 agro-climatic regions of the state, which currently is at the level of 180%. However the State Government feels that the sustainability of these minor irrigation schemes will largely depend on institutionalizing participatory irrigation management taking into account the specifics of traditions, socio-cultural parameters of farmers and water user associations in different agro-ecological regions of the State.

2. Project Location: The project intends to bring in 63,555ha of land under surface water irrigation (through a total of 2395 minor surface water schemes consisting of 1994 medium and mini river lift irrigation schemes, 117 small water detention structures and 284 small surface flow schemes), and another 75,346ha of land under groundwater irrigation (through a total of 2265 schemes consisting of 359 medium duty tubewells, 522 clusters of low duty tubewells, 1309 clusters of shallow tubewells, and 75 clusters of pumped dug wells). In total, therefore there will be 4460 schemes, each serving between 20 and 50ha of agricultural land to be irrigated. All these schemes are proposed to be managed by community and farmer groups. The project will also support intensification and diversification of agricultural systems and adoption of improved post-harvest technologies, purposeful and effective advisory services coupled with a higher degree of market integration; capacity and institutional development for management of minor irrigation in the state.

3. These 4460 schemes will be implemented in most of the blocks in 18 districts in the state.  These blocks are dispersed over all of the six agro-climatic zones of the state, viz., the hill zone, the Teesta-Terai flood plain, the Vindhyan alluvial zone, the Ganga alluvial zone, the undulated red lateritic zone, and the coastal saline zone. However, the hill district of Darjeeling, and the coastal areas of Sundarban islands are not included in the project. Locations of individual schemes are not pre-determined at this stage, but will be determined based on community demand for irrigation. Currently, a district-wise distribution is estimated, based on a preliminary estimate of community demand.

4. Types of Sub-Projects included in the Project: These will broadly cover surface flow schemes, RLI schemes, water detention structures; Ground water structures will have representation of medium deep tube wells, low capacity deep tube wells, shallow tube wells and dug wells. Salient features of these schemes are delineated in brief hereunder.

a. River Lift Irrigation (RLI): In case of Midi RLI schemes, water from rivers/streams/rivulets is lifted by two centrifugal pump sets each capable of discharging 100 cubic meters per hour. Such RLIs can irrigate 40 ha of cultivable land. The distribution chamber is elevated and water gets distributed through underground pipelines. There will be two parallel operated diesel/electrical pump sets each capable of discharging 100 cubic meters per hr at a total head of 18/24m. There will be three blocks and 12 sub-blocks, each sub block having one outlet capable of irrigating 3.33 ha. Water management has been proposed through construction of 125m masonry channel in network or using lay flat hoses to bring water from each spout to the field. Locations for such schemes are selected so that a minimum of 0.11 cubic meter per second of surface water is available at the source during April-June and the suction lift is within 4.5m. 
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b. In case of Mini RLI schemes feature are the same. Under these schemes two centrifugal pump sets each capable of discharging 50 cubic meters per hour irrigate 20 ha of cultivable land. The distribution mechanism is similar to those of Midi RLIs and they have the distribution chamber, and underground pipelines. There will be 2 blocks and 8 sub-blocks each having an outlet( spout chamber) capable of irrigating 2.5ha. Water management is done through construction of 100m network masonry channel or using lay flat hoses for bringing water from each spout to the field. Selection of location of these schemes is guided by the surface water availability at a minimum discharge of 0.06 cubic meters and 4.5m of static suction lift.

c. [image: image7.jpg]
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Surface Flow Minor Irrigation Schemes (SFMIS): SFMIS are small diversion schemes. These schemes are constructed across the rivulets and operated by regulatory structures. These schemes are located in areas where adequate surface water is available during non-monsoon and gravity flow to the service area is economically feasible. Small storage works are created through construction of low height weirs and embankments. These schemes are capable of irrigating 90% of the irrigation period by gravity flow through earthen/lined channels depending on field contour conditions. The balance 10% of the irrigation is assured by pumping with 3.5 HP pump sets having a discharge of 30 cubic meters per hour at a total head of 10m. 2 to 3 pump sets are provided for 30ha, 40ha & 50ha SFMIS. 
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Medium Duty Tube Well (MDTW): This type of tube well is constructed for discharging 100 cubic meters per hour. Water is lifted by a submersible pump set capable of discharging 100 cubic meters per hour to irrigate 20 ha of land.  Underground pipelines originating from one elevated chamber distributes water. The distribution chamber serves as the link between pump sets and delivery pipeline system. The chamber regulates pump discharge to match the discharge of the pipe distribution system in addition to ensuring equal streams to each of the two pipelines. 
e. Light Duty Tube Well (LDTW): These structures are suitable for areas where water table is beyond suction limit. In these schemes water is lifted by one submersible pump discharging 30 cubic meters of water per hour to irrigate 6 ha of land through open channels. These structures are installed in a cluster of 5 to 7 tube wells. 
f. Shallow Tube Well (STW): These are constructed in areas where water table is within suction limit. Water is lifted by one centrifugal pump set capable of discharging 30 cubic meters of water per hour to irrigate 6 ha of land through open channel. These structures are installed in a cluster of 5 to 7 tube wells. 
g. Pumped Dug Well (PDW): Dug wells are generally open masonry wells having low discharges. Diameters of open wells may vary from 2m to 9m and they are generally less than 20m in depth. Pre-cast concrete rings may also be used in construction of wells. These are popular structures in the districts of Jalpaiguri, Coochbehar and Siliguri subdivision of Darjeeling.

5. The following tables show the total number of different types of schemes (or sub-projects) that is expected to be installed. 

Table 1:  District-wise Type and Number of Minor Irrigation Sub-Projects Proposed

	District
	Surface Water Schemes (Sub-Projects)
	Groundwater Schemes (Sub-Projects)

	
	RLI (Midi & Mini)
	WDS
	SFMIS
	Total 
Structures
	CCA 
(ha)
	MDTW 
(20ha)
	LDTW Cluster (36ha)
	STW Cluster (30ha)
	PDW Cluster (30ha)
	Total 
Structures
	CCA 
(ha)

	Coochbehar
	262
	0
	0
	262
	5880
	50
	0
	400
	9
	459
	15670

	Jalpaiguri
	328
	50
	10
	388
	7390
	30
	0
	550
	62
	642
	22260

	Birbhum
	96
	0
	80
	176
	5320
	21
	70
	0
	0
	91
	2940

	Bankura
	98
	0
	75
	173
	5960
	24
	61
	0
	0
	61
	2676

	N 24-Parganas
	43
	0
	0
	43
	1260
	0
	0
	0
	0
	0
	0

	Darjeeling
	46
	7
	14
	67
	1655
	0
	0
	36
	4
	40
	1416

	N-Dinajpur
	86
	0
	0
	86
	2240
	18
	85
	182
	0
	285
	9972

	S- Dinajpur
	119
	0
	0
	119
	3580
	4
	8
	0
	0
	12
	368

	Malda
	175
	0
	0
	175
	5000
	30
	66
	141
	0
	237
	8052

	Murshidabad
	64
	0
	0
	64
	2160
	0
	16
	0
	0
	16
	576

	Nadia
	169
	0
	0
	169
	3960
	0
	0
	0
	0
	0
	0

	Burdwan
	126
	60
	35
	211
	4650
	40
	87
	0
	0
	127
	3932

	Hoogly
	92
	0
	0
	92
	2320
	18
	56
	0
	0
	74
	2376

	S-24- Parganas
	56
	0
	0
	56
	1320
	0
	0
	0
	0
	0
	0

	Howrah
	15
	0
	0
	15
	400
	16
	0
	0
	0
	16
	320

	E-Medinipur
	23
	0
	0
	23
	920
	48
	47
	0
	0
	95
	2652

	W-Medinipur
	116
	0
	20
	136
	5340
	60
	26
	0
	0
	86
	2136

	Purulia
	80
	0
	50
	130
	4200
	0
	0
	0
	0
	0
	0

	Total
	1994
	117
	284
	2395
	63555
	359
	522
	1309
	75
	2265
	75346


6. Project Implementation Responsibilities: The Project Director, an officer of the rank of the Chief Engineer of WRIDD will be in charge of the implementation of the program. All the officers at the regional, district, subdivision will be allocated responsibilities for implementation of subprojects selected for implementation within their jurisdiction. River lift schemes will be the responsibility of the Agri-Mechanical Division while Agri-Irrigation Divisions will implement all other types of subprojects. The State level Steering Committee is chaired by the Chief Secretary. District Site Selection Committee is already functional in all the districts, where subprojects will be taken up for execution. This committee approves the sites of all minor irrigation projects after scrutiny of the application of the beneficiaries, the feasibility and techno-feasibility reports prepared by field level officers of Agri-Irrigation/ Agric-Mechanical wings and the Executive Engineer of the SWID at the district level. 

7. Budget and timeline: The total budget for the Project is projected currently estimated at around Rs. 1380 crore. This will be implemented over a period of 6 years likely to be commencing from March/April, 2011. Provisions against major components of the program are provided in the table below.

Table 2:  Estimated Outlay by the Project Components

	Components
	INR in crore

	A. Strengthening community based institutions
	37.18

	B. Irrigation System development and improvement
	1080.80

	C. Agriculture development and support services
	

	C.1 Agriculture Development
	65.35

	C.2 Horticulture Development
	10.57

	C.3 Fisheries Development
	25.63

	D. Project management and Institutional Development
	160.47

	Total
	1380.00


8. Environment Assessment Process in the Project: This is classified as a Category B operation under the World Bank environmental screening procedures specified in operational policy 4.01. This project does not require any environmental impact assessment under the applicable Indian laws; but triggers six of the ten World Bank safeguard policies
/ and required partial environmental assessments. The environmental assessment was undertaken by independent consultants – the Consulting Engineering Services (India) Ltd. (CES), during 2008-2010. The environmental assessment included detailed field investigation and community consultations over a period of about a year (June 2008 – September 2009), which were conducted by CES in association with an NGO - All India Council of Mass Education and Development (AICMED). The EA also borrowed from the Hydrological Assessment undertaken by independent consultants – WAPCOS Ltd. (India), and the dam safety analysis and procedures prepared in-house by the WRIDD. 

9. As only schematic designs are available during the project preparation period, and not the exact location, design feature and size of each of the schemes, the environmental assessment was based on a sample of similar schemes already constructed in the state, and a sample of villages proposed to be covered in the project.  The samples covered all possible varieties of surface water and ground water schemes.  Overall, the EA covered: (i) documentation of the environmental baseline of the blocks and districts included in the project area; (ii) documentation of the irrigation baseline of the project area; (iii) identification and analysis related to all potential environmental issues arising out of planning, construction, and operation of the schemes; (iv) an environmental management plan, including environmental screening criteria, environmental codes of practice, specimen environmental management plans (EMP) demonstrating how the environmental codes of practice are to be transformed into sub-project specific environmental management plans, dam safety management plan, and a bio-village program to accelerate in the State a shift towards enhanced use of bio-pesticides; and (v) as a part of the EMP, adequate arrangements for implementation of the environmental management measures; routine monitoring, inspection and independent environmental audits; and a series of capacity building activities for WRIDD for improved management of environmental issues including staffing and training. 

10. Environmental impacts of the individual scheme interventions are expected to be low and limited.  Therefore, the EA focused on assessing impacts of a group or all of the sub-projects taken together.  Further, impacts vary as the environmental context varies; and direct and indirect impacts in different contexts of sensitive natural resources receptors had been analyzed.  Overall, the assessment suggests that the project will not have any significant adverse and/or irreversible environmental impact. 

11. Among the residual impacts, the relatively important impacts relate to the planning and construction of the sub-projects taken together.  The issues are related to protection of natural habitats (both protected and unprotected ones), impacting and arising out of baseline water quality (arsenic and fluoride contamination of groundwater, use of waste with significant industrial effluent content in urban fringes), arising out of the use of groundwater (extraction and balance, salinity intrusion), pest management (even though the project does not use any pesticide, it has opportunities to discourage use of WHO class 1A/1B and Class 2 pesticides in the state), dam safety, reducing customary and traditional access to natural resources due to source protection in surface water schemes, and choice of construction materials (such as possible use of asbestos cement pipes that has been now avoided).

12. Policy and Regulatory Framework: From the point of view of environmental assessment, neither the project nor any of the activities proposed in the project attract provisions of the Environment Impact Assessment Notification, 2006; and none require any prior environmental clearance either from the Union or from the State Government regulators. However, the project has been planned in accordance to the principles set out in the following: the National Environmental Policy (2006); the National Agricultural Policy (2002), the National Water Policy (2002), the National Farmers’ Policy (2007), and the West Bengal Environmental Policy (1985). According to the prevailing procedures, sub-projects or schemes might require (i) forestry clearances if any forest land is ever used in the schemes; and (ii) permission for groundwater schemes from the State regulator- the SWID for all schemes that will use groundwater. The environmental screening criteria in the project will avoid any sue of forestland; and will require that each groundwater scheme obtains necessary permissions for abstraction before being approved for financing. 

13. As far as the World Bank operational policy on environmental assessment is concerned, the environmental screening criteria in the project, and the environmental codes of practice will ensure that sub-project schemes avoid any activity that would require additional due diligence related to natural habitats, forests, pest management, downstream flows, dam safety or physical cultural resources. However, if the cumulative issues in sub-projects become pertinent even if impacts on any individual valued ecosystem component is small, these sub-project schemes will undertake additional limited environmental assessment before approval.  

14. Key Safeguard Documents: A detailed description of the project’s baseline environmental conditions; probable adverse environmental impacts; and detailed environmental management plans including institutional responsibilities, implementation schedules, budget, and arrangements for monitoring and evaluation, are provided in the Environmental Assessment and Management Plan (EA/EMP). Further, all documentation of the various consultations undertaken during the environmental assessment are contained in a stand-alone Stakeholder Consultation Report, which is accompanied by a video documentation of the consultation sessions. The other relevant supplementary documentations are (i) Hydrological Assessment Report, (ii) Social Assessment Report, (iii) Indigenous People’s Development Plan, and the (iv) Dam Safety Procedures. An executive summary of the environmental assessment was also prepared. 

15. Public Consultation and Disclosure: As part of the EA, stakeholder consultations were organized at state and district levels. At both levels, participants at the consultation sessions included policy makers, representatives of the Zila Parishads
, senior officers from line government departments, relevant government corporations and autonomous agencies, non-government organizations, individual experts and farmers. The important agreements coming out of these state and district level consultations, organized during August-October, 2008 consist of the following, all of which have already been fully integrated in the design of the project:  

a. The project should (and will) select schemes only on the basis of community demand; 

b. The project should (and will) carefully select and/or avoid schemes in the ‘blocks’, where the groundwater abstraction is already high, or where the groundwater is severely contaminated with arsenic or fluoride;

c. The project should not (and will not) take up any water harvesting tanks or structures or dug wells where the proposed command area is less than 2ha. These schemes, if necessary should be implemented under the National Rural Employment Guarantee Scheme (NREGS);

d. Wherever possible, the project should (and will strive to) energize the minor irrigation schemes with electricity to replace use of diesel. For this, the project should (and will) coordinate with the West Bengal State Electricity Distribution Company Ltd. Note that the State does not subsidize agricultural electric connections, and consequently replacement of diesel operated pumps by electricity-operated pumps will not lead to any incremental abstraction of groundwater, and is aimed only to reduce the local pollution created by the use of diesel;

e. In the coastal saline belts, the project should and will carefully select and design the groundwater-based schemes to prevent any incremental salinity ingress, especially in the coastal saline ‘blocks’;

f. In some of the blocks prone to flooding and inundation, and where the current groundwater use is low or very low, groundwater based schemes provide additional opportunity to ameliorate effects of water logging. The groundwater schemes in the project will be designed to take advantage of the local water logging issues; 

g. Stakeholders opined that there is a need for greater and improved coordination among the relevant line departments of the State Government – the WRIDD, the Department of Agriculture, the Horticulture Department, and the Fisheries Department, etc., to ensure sustainability of the schemes included in the project and designed on the basis of participatory irrigation management. 

16. Following the state and district level consultations, the EA consultants selected 30 sample ‘blocks’ in consultation with WRIDD for further investigation and consultations. These 30 sample ‘blocks’ were selected from all the six agro-climatic zone includes in the project, namely, the Hill Zone, Terai-Teesta Flood Plain, Vindhya Alluvial Zone, Gangetic Alluvial Zone, Undulating Red Laterite Zone and Coastal Saline Zone. Consultation sessions were organized between October, 2008 and March, 2009. Between 21 and 70 persons including poor and marginal farmers, women, scheduled caste and scheduled tribe people, local government and WRIDD officials, elected members of the village panchayats participated in each of these 30 consultation sessions. Similar people were consulted during the field surveys. These consultations were supplemented by site visits (to existing minor irrigation infrastructure) and the focus group discussion with select stakeholders groups.

17. A preliminary list of the perceived environmental impacts was prepared on the basis of secondary information, state and ‘block’ level consultations, and reconnaissance visits prior to the field studies and the focus group discussions. The focus group discussions were initiated with leading discussions on these pre-identified lists, but expanded to include the local community issues. All these stakeholder consultations were photographically and video documented. In addition to the state and ‘block’ level consultations, the consultations during the field surveys and the focus group discussions identified the following issues including popular perceptions:

a. Excessive and indiscriminate use of inorganic fertilizers and synthetic pesticides in farming has polluted surface water in several places in the state, and is threatening aquatic life, agriculture-friendly insects, soil micro-fauna and fishes, and to a lesser extent wetland avifauna;

b. Excessive groundwater extraction by unplanned, sometimes too dense, sinking of deep or shallow tubewells have given rise to increased contamination of groundwater from arsenic or fluoride; these cases have sometimes resulted in steady depletion of water table;

c. Soil run-off, erosion of stream banks, and ‘flood-irrigation’ have resulted in too much siltation in the water detention structures, stream beds downstream river lift irrigation schemes. These cases are particularly severe where irrigation schemes have been constructed on meandering rivers and streams; 

d. A nagging issue in surface water is the reduction in downstream flow. Sometimes the reduction might have been caused due to abstraction by the surface water scheme itself, but in most cases the perception is that such reduction has been caused by siltation in the stream bed, and invasion of aquatic weeds;

e. Other relevant problems discussed and described include: (i) pollution from diesel-operated pumps; (ii) poor and inadequate agricultural extension services in many places; (iii) poor maintenance and theft of minor irrigation equipment; (iv) low water retention capacity of some of the surface flow schemes; (v) high evaporation of surface water in water retention schemes, and, (vi) use of surface water streams carrying untreated municipal sewage and highly toxic industrial effluent, especially in urban fringes. 

18. In addition to the public and stakeholders consultations undertaken as part of the EA, the project has engaged stakeholders including the project-affected people to discuss different aspects of the project over the last three years. WRIDD has organized community meetings, meetings with village elders and elected leaders of the villages. During the preparation of the social assessments, a number of meetings were organized. 

19. Disclosure: An Executive Summary of the EA Report and its vernacular (Bengali) version is being disclosed in the Project website [www.wbadmip.org] by December,15th , 2010.  The full EA Report and its Executive Summary will be disclosed at all 18 district headquarters in the State, where the project will be implemented. The availability of these documents and the location of the disclosure centers will be advertised in local newspapers (leading English and Bengali dailies) by December,7th , 2010. A complete set of these EA documents were also disclosed in the Bank’s Info Shop in Washington DC and the Bank’s Public Information Center in New Delhi, by December 31st , 2010. 

20. Analysis of Alternatives: Overall, there is no feasible alternative to the project. The only possible alternative is large irrigation projects, which in a high population density state are likely to cause severe social and resettlement impacts. Owing to the finite nature and limited number of sites for feasible of large irrigation projects; it is unlikely that a gap created by not developing this minor irrigation project can be filled up by investing in any other agriculture intensification activity. In the absence of water for minimum assured irrigation, it is likely that use of chemical fertilizers and pesticides will increase, and the resulting environmental impacts will be higher than the project itself. The “no project” alternative is therefore not a desirable option. 

21. At the level of selection of schemes, there are several options. Most prominent among these is the choice between the use of surface water or groundwater. For each site, this will be done carefully, surface water schemes will be chosen wherever feasible over groundwater, provided that small storage schemes will be undertaken only when there is no acquisition of private land. There will be several cases where there will be alternative sites within the same locality – and final sites will be chosen in consultation with local communities, and depending on the environmental and hydrological characteristics. These procedures have been fully incorporated in the environmental screening criteria. The environmental screening criteria are eight: (i) proximity of sensitive areas including reserved forests and protected natural habitats, (ii) degree of arsenic and fluoride contamination in groundwater, (iii) availability of groundwater, (iv) availability of water suitable for irrigation, as per standards promoted by the Central Pollution Control Board, (v) degree of impact on riparian vegetation, (vi) proximity to historical and cultural sites, and (vii) availability electricity supply grid. These scoring criteria will also determine, by relative scoring and evaluation, further need for limited environmental assessment of the sub-project schemes, as well as for exclusion from the project.  

22. Additional analysis of alternatives in the project included an analysis of construction materials. Even if the initial procurement cost of asbestos cement pipes is the cheapest, a life cycle analysis including the costs of transportation, installation, high maintenance, and eventual disposal of asbestos containing materials determined that such pipes will not be used in the project. 

Summary of Environmental Impacts and Mitigation Measures: 

23. Forests, Natural Habitats and Wildlife: West Bengal is a small state but because of an interspersion of variety of agro-climatic zones, topographical features, altitudinal variation from the sea level to about 3600m in the Himalayas, the floral and faunal resources of the state are diverse. Eight forest types
 spread all over the state account for 13.4% of its geographical area – mainly in the six districts of Darjeeling, Jalpaiguri, Purulia, Bankura, Paschim Medinipur and South 24-Parganas, but also in patches of three other districts of Barddhaman, Birbhum and Coochbehar. The protected area network in the state covers different bio-geographic regions, and includes 5 National Parks, 15 Wildlife Sanctuaries, and 2 Tiger Reserves
. Further, the state has 54 natural and 9 manmade wetlands of area larger than 100ha, which in total account for 344,527ha (a substantial area constituting 8.5% of the total wetland area in India), which support substantial floral and faunal diversity. Sacred Groves are more abundant in forested districts where the forest tract is interspersed with traditional tribal settlements, more in the four southwestern districts of Bankura, West Medinipur, Purulia, and Jalpaiguri; and a few in Darjeeling. In contrast, sacred groves are conspicuously absent in the alluvial districts either side of the Ganga.

24. Sample survey conducted in 30 sites did not point out that any natural habitat, large wetland, reserved forests, sacred groves or any other protected area will possibly be affected by the Project. The sub-projects or the schemes included in the Project will have command area less than 50ha which will all be areas clearly, formally and regularly under rain-fed agriculture with private land holding. No intervention is proposed in the catchment of the sub-projects
. The actual construction and installation footprint of the sub-projects will be small, and can be flexibly sited. The environmental exclusion criteria adopted in the Project will ensure that no direct or indirect impact occurs, and these criteria include: (a) that no sub-project will be located within any natural habitat, protected or not, such as wetlands, elephant corridors, mangroves or community forests; (b) no sub-project will be located within or within 1km of any protected natural habitats, such as reserved forests, national parks or wildlife sanctuaries. Further, the environmental screening of the sub-projects will ensure that (a) the traditional common property resources or ponds (which may contain niche habitats of wetland birds; or rare, endemic or threatened flora and fauna) will be identified and absolutely avoided; (b) any subproject, particularly river lift irrigation schemes will be avoided if the relevant river/rivulet enters a downstream protected natural habitat within 2km of its run, so as not to disturb flow of water into the protected natural habitat. The environmental cells of the PIU/DPMU will specifically ensure that these above exclusion and screening criteria are used systematically for each sub-project; and such compliance process have been specified in the ECoP. 

25. Incremental Water Use: West Bengal is relatively rich in water resources among the major Indian states. The 3 major rivers systems of the state – the Ganga (48.5%), the Brahmaputra (48.7%) and the Subarnarekha (2.74%) account for an annual average of 13,291 million cubic meter of surface water. Use of surface water is rather low as the state has created very little storage, and the potential to create major storage is rather limited given that the population density is very high, and creation of storage by displacing people is not feasible. The state is also relatively richer
 compared to other major Indian states in terms of groundwater, with an assessed
 groundwater resources in the state 27,460 million cubic meter. Among the 25 sub-basins, prominent groundwater resources are available in the Bhagirathi (2408 million cubic meter), the Mahananda (1425), the Torsa (1295), the Jalangi (964), the Damodar (877), the Jaldhaka (822), the Ajoy (810), the Mayurakshi (798), and the Silabati (709) sub-basins. From the total annual net replenishment of groundwater, the state currently uses
 about 42.4% (11,650 million cubic meter). The Project will use a maximum incremental volume of 611 million cubic meter of surface water, and 805 million cubic meter of groundwater, which are 1.15% and 2.93% of the available utilisable volume of water, respectively. In sum, therefore, the incremental water use in the Project, for the state as a whole is not particularly significant. 

26. The availability of water and its annual replenishment is not homogeneous across the state. As far as variation in surface water is concerned, the Project has no significant incremental impact, as the sub-projects will be planned only based on the potential to capture seasonal flood flow. However, in terms of groundwater, there is an issue of potential over-extraction. This was specifically studied by the Hydrological Assessment Report. Overall, the districts of Murshidabad and Nadia have very little scope for further groundwater abstraction, while such abstraction needs to be careful in the districts of Malda, North 24 Parganas, Bardhaman, North Dinajpur and South Dinajpur. Some 37 blocks in the state, mostly in the aforesaid districts, are considered critical or semi-critical from the groundwater extraction point of view, and no more groundwater sub-projects will be undertaken in these blocks, unless specifically permitted by the regulators
. Further, the Hydrological Assessment Report has examined the maximum number of shallow tubewells or equivalent that can be dug within safe limits in each block and district. The total number of sub-projects that can potentially be installed within very safe limits of groundwater abstraction is an additional 1.2 million shallow tubewells (equivalent to about 263,000 medium duty tubewells or about 130,000 heavy duty tubewells) over and above the currently installed tubewells. The incremental number of groundwater abstracting sub-projects in the Project is miniscule compared to this large potential within the safe limit.   

27. Abstraction of groundwater by the Project in the “safe” blocks which most of which are flood-prone may result in lowering of water table, which will have some beneficial impact on agriculture as well as in reducing effects of regular inundation.  Surface water schemes, particularly the river lift schemes potentially can result in rising water table, if the irrigation efficiency is low, if conveyance channels leak or if the on-field practices are archaic. The Project is designed to avoid such rise in water table, by ensuring conveyance by suitable constructed underground pipes properly lined to avoid seepage, operating the river lifts by trained personnel, by implementing extension services to improve the on-field practices, and through the training of the water user associations to improve irrigation efficiency. Overall, these aforesaid concerns are included in the environmental exclusion and screening criteria of the Project.  

28. Instream Flow and Downstream Water Use: The potential issues of maintaining ecological flows instream, reduction in downstream flows, and disruption to the right of the downstream water users have been studied by the EA. The surface water sub-projects will be constructed on seasonal rivers or rivulets, which do not appear to have significant biodiversity values. The environmental screening process, as described with regard to the natural habitat issues, will ensure that no additional impact is there on aquatic fauna or flora from the sub-projects. In the case of the surface water sub-projects that only use the flood flows, and where the dead storage will be subject to a ceiling of 20%, these will not modify the downstream flow in the lean season. These sub-projects will, in-effect, be beneficial to the downstream communities as inundation and erosion due to flood flow will reduce downstream of the small retention structures. However, substantial impacts may occur downstream of the river lift schemes, all of which will be located on minor rivers and rivulets. Typically, the river lift schemes will operate more in the lean season to provide irrigation to the winter and summer agriculture
, which in turn mean that downstream villages will experience a reduced flow regime in these minor rivers or rivulets. It is also possible to have a cascade of river lift schemes on a small rivulet, where village settlements are continuous on either flank; and in these cases the villages downstream of the cascade of river lift schemes will have a very substantial impact. Based on this concern, the Project will ensure that each individual river lift schemes will be designed to use only up to 50% of the net incoming lean season flow of the minor river or rivulet, guarantying that a flow equal to 50% of the incoming lean season flow or 10% of incoming average annual flow, whichever is more, will be maintained in the river/rivulet downstream of the installation point at all times.            

29. The case of groundwater abstraction and its effects on water use of communities around the sub-projects were examined by the EA. The unit drafts from different types of groundwater abstraction structures were estimated
, separately for each district taking into consideration the geographic differences. Based on these unit drafts, and a continuous pumping range of 2 to 8 hours daily, the drawdown at different distances from the pumping well was computed
 and the cones of depression were estimated. Using these, the EA recommended and the Project will ensure that the groundwater sub-projects are planned and designed using the following criteria: (a) that the shallow, medium-duty or the heavy-duty tubewells in the Project will not be installed within a distance of 200m, 600m and 1km of any existing groundwater abstraction structure; (b) that the shallow, medium or the heavy-duty tubewells will have command areas of 6ha, 20ha and 40ha, as minimum
; (c) that in the cases of the semi-critical blocks, if any groundwater abstraction is ever implemented, the minimum distance in any direction between two shallow tubewells should be 250m (600m for medium duty tubewells and 1200m for heavy-duty tubewells). These are conservative and safe estimates to ensure that downstream (or neighboring) users of groundwater are not impacted; the actual drawdown will be much lower as the tubewells are installed tapping the coarser zones (where the draw down could be negligible), especially in the northern districts of the state. Further, as a norm, the light-duty tubewells will necessarily located in areas where pumping water level is beyond centrifugal pumping limit; and shallow tubewells will necessarily be located in areas of shallow water table within the limits of centrifugal pumping, standardized based on long-term fluctuation trends.

30. International waterways: Other than the Ganga, there are 8 sub-basins that can be classified as international waterways shared between Bangladesh and India. These are the northern rivers of the Teesta, the Sankosh, the Raidak, the Torsa, Jadhaka, the Punarbhanda, and the Attrai; and the coastal estuary of the Matla. The northern rivers spring either in Sikkim or Bhutan, and flow into the Padma-Jamuna in Bangladesh. The estuary Matla forms the boundary between Bangladesh and India, and is predominantly tidal. While the Project will have absolutely no impact in terms of flow or quality in Bhutan, potential impact on Bangladesh were studied by the EA. 

31. Water-sharing on the Ganga between Bangladesh and India are covered by a specific treaty, and the Project will have no effect on the provisions of the Treaty. For the remaining eight rivers (including their tributaries), the annual and monthly river flow with a probability of occurrence of 75% (i.e., guaranteed flow in three out of any four years on average) had been calculated. For each of the eight sub-basins, the total monthly irrigation volume in relation to the total monthly available river. The total incremental water abstraction as percentage of the total annual river flow is low, ranging from 0.06% percent for the Teesta sub-basin to 1.96% percent for the Attrai sub-basin.

32. Further, possible seasonal impacts were studied. The minimum percentage of incremental abstraction (0.01 percent in Teesta, 0.3% in Sankosh, and 0.42% in Attrai sub-basins) occurs in July when the river flows tend to be highest and the irrigation requirements are low. However, the maximum incremental abstraction will happen in February during the lean season flow of the rivers, when the irrigation requirements tend to be at the highest. Even then, for all but two sub-basins, the maximum incremental abstraction during the lean months will not exceed 4.5% (0.6% for Teesta, 4.5% for Torsa, 1.3% for Punarbhanda, 3.1% for Matla). The exceptional cases are the Attrai and the Sankosh rivers, where the incremental abstraction due to the Project could be as high as 20.4 and 14.6 percent respectively. As this scale of incremental abstraction could potentially have negative impacts on the downstream population in Bangladesh, the Government of West Bengal will cap the total number of sub-projects in these two sub-basins such that the total incremental abstraction during the peak irrigation month is kept lower that 5 percent. 

33. Other than the main stem of the aforesaid eight rivers, a total of 48 smaller rivulets or local streams flow from West Bengal to Bangladesh directly. These 48 streams are all included in the sub-basin analysis above. However, substantial local impacts could not be ruled out on the villages located downstream along these 48 local streams in Bangladesh, even if the overall sub-basin level impacts are not very significant. Based on these concerns, the Government of West Bengal will not include any new sub-projects on any such small river, rivulet or local streams directly flowing into Bangladesh.

34. The EA studied the aquifers in the state, both confined and unconfined. The aquifers in the areas adjoining the Bangladesh-India border are in an iso-lithologic state; and as the estimate of annual utilizable groundwater in West Bengal (from which the Project uses a part) is based on the annual fluctuations without affecting the flow of unconfined groundwater from the Ganga plain to the sea, the Project will have no impact overall on the aquifers. However, local impact in downstream areas across the border is possible, depending on the estimates of drawdown and the cone of depression for groundwater-based sub-projects. To avoid any chance of such local impacts, the Project will not install any shallow, light-duty, medium-duty  tubewell within 600m of the India-Bangladesh border. 

35. Water Quality: The major issue relates to arsenic and fluoride contamination of groundwater. These issues have received a lot of attention in the state; and numerous studies are in progress. Groundwater in 147 of the 171 blocks in 8 districts
 is contaminated (more than 10µg/l), of which 68 are severely contaminated (more than 50µg/l) with arsenic
. As per studies by the State agencies, 46
 or 49
 blocks in 7 districts
 are severely contaminated with fluoride (more than 150µg/l). While arsenic and fluoride contamination had traditionally been seen as issues related to drinking water supply, some evidences are emerging in respect to the effect of such contamination in agriculture. A 2007 study in the state showed that various parts of plants irrigated with arsenic contaminated water bio-accumulate arsenic. The concentrations in edible plant parts (such as in rice grain, 0.11-0.90 mg/kg) is lower than the WHO limit of 1mg/kg, but in other parts (such as in rice straw, 0.58-2.68mg/kg) is high. Studies by the Central Groundwater Board showed presence of arsenic in cereals (wheat 0.4-1.25mg/kg, rice 0.3mg/kg when dry and 0.3-0.8mg/kg when cooked with arsenic contaminated water). Studies by the National Institute of Nutrition, India Council of Medical Research showed high fluoride levels in rice and edible parts of vegetables, when irrigated with fluoride-contaminated water. Based on these findings, the Project will not include any groundwater-based sub-projects in all blocks of known arsenic and fluoride contamination. In these blocks, surface water sub-projects will be priority. If surface water irrigation in parts of these blocks is found uneconomic, distinctly identified safe
 (arsenic and fluoride free) aquifers will be used selectively. Lastly, in coastal blocks areas of excessive salinity, the Project will assist to popularize salinity-resistant crops, through the agricultural extension services sub-component.      

36. With regard to surface water irrigation, analyses of the historical data, and the primary surveys by the EA showed that water quality in most of the rivers/rivulets and local streams are within the norms for irrigation. In peri-urban areas (many shifting primarily to cultivation of vegetables) mixing of industrial effluent in irrigation channels is a concern that was studies by the EA. While BOD, DO, oil and grease, arsenic & nitrogen compounds were found to be within safe limits, heavy metals such as chromium remains a concern. The environmental screening criteria will ensure that for any surface water sub-project, water quality tests will be undertaken, and sub-projects will be approved only when the water quality is within the CPCB prescribed standards for irrigation (including that the test should not show any trace of heavy metals). As the water quality data is not collected on the smaller streams systematically, the Project will invest in implementing a water quality testing and monitoring program, complementing the planned program of the State Water Investigation Directorate.   

37. Augmenting minor irrigation in the state may potentially increase the use of chemical fertilizers (and pesticides), in turn affecting water quality at large. The rate of use of fertilizers in the state is below the national average and the recommended maximum doze (450kg per ha). However, in a few districts the use is rapidly increasing (currently 220-270kg per ha in Hoogly, Maldah and Bardhaman; and 150-220kn per ha in Murshidabad, East Medinipur , Birbhum, Bankura and North 24-Parganas). The ratio of NPK in fertilizer use in the state as well as in the districts is balanced (2.3: 1.3: 1). Given these baseline scenarios, incremental fertilizer use induced by the Project is not expected to have any significant impact. However, as a positive environmental enhancement measure, the Project will support increased use of bio-fertilizer, organic manure and vermin-compost – through awareness campaigns, improved agriculture extension services and training, and through the ‘bio-village” component of the EMP.   

38. Erosion and Sedimentation: Erosion in the catchment and resulting sedimentation are issues related to effective life of the surface water storage or flow sub-projects, performance of the intakes and pumping stations, increased turbidity and other water quality impacts on the water diverted for irrigation or in the downstream flow and aquatic life instream. The environmental screening process will ensure that each surface water sub-project is designed with adequate attention to prevent erosion and sedimentation upstream of the project. The environmental codes of practice and guidance from the PMU will ensure that these erosion and sedimentation control measures are designed in the strict local topographic, soil and geomorphologic features.

39. Pest Management. As expected in a state dependent on small farms, pest management is the primary concern of the farmers. Although the state’s use of synthetic pesticides, on the average, is less than the country’s average (which is approximately 500g per ha per year), 6 districts
 use such pesticide significantly higher than the national average.  The permissible list of the State Department of Agriculture shows 221 different types/brands of pesticides. This list contains 49 types which come under WHO’s classification of Class IB and Class II. The Project Authorities will ensure that none of Class IB and Class II pesticides is procured and used in agriculture and horticulture components of the project. The State Department of Agriculture will undertake a detailed survey to assess the extent of use of such pesticides by farming communities during the first year of execution of the project and then take appropriate measures to delist such Class IB and Class II pesticides from the permissible list.          

40. The State Pollution Control Board undertakes monitoring of pesticides at 22 locations in 9 districts. The monitoring had detected γ-BHC (at 4 sites), DDT (2 sites), malathion (1 site) and traces of aldrin in a few places. Endosulfan, methyl parathion, chlorpyriphos and anilophos were not detected by this monitoring. A State Department of Environment study undertaken by the Institute of Environmental Studies and Wetland Management in Kolkata district concluded that the soils of the Terai region, near to the tea gardens, have accumulated high concentration of chloropyriphos, ethion, heptachlor, dicofol, beta-endosulphan, endosulphan sulphate and cypermethrin. High levels of chloropyriphos, dicofol, heptachlor and ethion were detected in the rivers and canals of the Terai and the Dooars areas. Primary surveys undertaken as part of the EA also detected alpha-BHC, gama-BHC and endosulphan at all sites, albeit the concentration levels were below permissible limits.   

41. The Project will not use  any chemical or synthetic pesticide coming under Class IA, Class IB and Class II of WHO’s classification;  However, given that the additional irrigation capacity created by the Project can induce substantial increment in the use of pesticides, the EMP includes a several management measures, as below: 

a. The Department of Agriculture will take appropriate measure to delist 49 pesticides classified as WHO Class 1B and Class II pesticides from the list of ‘permissible’ pesticides and this action will ensue only after a detailed survey is undertaken by the State Department of Agriculture to assess the  extent of use of such pesticides by the farming communities of the State. This will be followed by an intensive awareness program targeting the staff of the Departments agriculture extension services, so as to be able to discourage use of these harmful pesticides in the state. 

b. Capacity and awareness building as part of the Agricultural Support Services Component of the Project. This will include training of farmer groups on judicious pest management with emphasis on predisposing factors for occurrence of pest and diseases, and use of proper integrated pest management. 

c. As part of the EMP, a mass publicity campaign on integrated pest management, effect of indiscriminate use of chemical pesticides, information about unsafe pesticides and their alternatives, safety measures for handling pesticides, use of bio-pesticides. 

d. Specific workshops with 5-10 farmer groups in each block included in the Project, on the best practices on pest management. 

e. Bio-Village Program: (A) Undertaking required studies on intensification of the production of bio-pesticides in the state including identification of barriers to the local entrepreneurs who had set up bio-pesticide production units, and piloting quality control testing to be able to ensure quality of the bio-pesticides produced in the State. These studies and piloting will be undertaken by a non-government institution, Neempith Ramakrishna Ashram, who has the necessary professional competency and laboratory facilities. (B) Implementation of the Bio-Village Program in 100 blocks in the 5 agro-climatic zones in the state. In each block the targets will include: (i) converting an area of 40 ha of agricultural land in units of compact blocks of 15 ha to 20ha to exclusive organic farms, (ii) promoting integrated organic farming practices covering agriculture, horticulture, animal husbandry, aquaculture, (iii) ensuring supply of bio-fertilizers and bio-pesticides through additional support to local entrepreneurs, and (iv) ensuring tie-up and market linkages to the farmers shifting to organic farming. This program will also prepare competence-based training manuals and curriculum to wider use, particularly related to adoption of advanced but appropriate bio-technology application. Compared to usual awareness and training programs, this bio-village program will incubate and support application of appropriate technology for 3-4 years to make the changes sustainable. This program will have the target to benefit at least 20 entrepreneurs, and 250,000 farmers.   

42. Dam safety: The surface water subprojects, in 3 districts, will include construction of minor dams (height classes of 4-6m and 6-8m) and earthen embankments (height less than 5m, but length up to 400m). In these cases, the water storage will vary between 6.5-12 ha-m. These surface water sub-projects will attract the required due diligence to ensure safety of the dams (given the height of the structures upward from foundation level, length of the low-height embankments, and the area of storage). All structures in the Project will be engineered, based on typical design standards and guideline design (related to tension, overturning, sliding and crushing) already adopted by the Project.  The guidance design is based all required safety parameters, and are designed to withstand flood flows of 100 year return interval, and adequate ground acceleration factors to withstand the earthquakes predicted for the seismic zones of III and IV in which the sub-projects will be located. Suitability of dam foundations will be decided through geological investigation and density or gradation tests. All structures will be designed by identified competent Assistant or Executive Engineers (graduate or post-graduate engineers), and the design of each such sub-project will be certified by the concerned Executive Engineer of DPMU, and checked and field verified by the PIU technical unit, comprising of an senior engineer experienced in implementing safety norms in the design and construction of dam and embankment structures. Quality control procedures during construction will include regular supervision of the dams and appurtenances adequately recorded by site engineers and DPMU, and periodic inspection and reviews by PIU. DPMU Executive Engineers will issue completion certificates only after verification that safety norms had been appropriately implemented by contractors.    

43. Physical Cultural Resources. The state is dotted with archaeological and historical sites, with higher concentration of protected sites in 5 districts of Bankura, Murshidabad, Malda, Medinipur and Hoogly. No activity in the Project is expected to be sited within proximity of the protected area boundaries of these sites. The EA, nevertheless, studies possibility of impacts on smaller, unprotected physical cultural resources. A sample survey of 30 sites did not identify any possibility of impacts on locally important cultural sites, such as sacred waters/ponds, temple (‘debottar’) land, local community shrines. However, as such impacts cannot be absolutely ruled out in the numerous sub-projects yet to be identified, the ECoP includes generic mitigation guidelines. The EMP includes a specific budget to be used by PIU/DPMUs to mitigate or compensate any affects on physical cultural resources.  

44. Construction-Related Impacts. Site related issues of construction waste handling and management, stagnant pool of water, lack of proper site drainage, etc., may potentially arise; but will not be of significance. These construction-related impacts will be addressed, mitigated and managed by the application of the ECoP. The ECoP includes measures to control air pollution, a specific issue resulting from construction. The mitigation measures include ensuring that all equipments and vehicles carry valid “pollution under control” certificates at all times; haulage roads are sprinkled with water to suppress dust; construction materials are transported and stored properly to avoid littering and dust; and all diesel generation sets used during construction conform to the applicable norms set by the central/state pollution control boards.

45. Environmental Management Plan (EMP): The EMP includes, in addition to the mitigation and management measures described above, (i) the environmental screening criteria including environmental exclusion criteria, and the description of the screening process; (ii) environmental codes of practice for the standardized subprojects, and (iii) specimen environmental management plans for typical sub-projects.   

46. The environmental screening and exclusion criteria in the Project address the major environmental concerns in the state, and the applicable regulatory framework. Any sub-project selected after application of the environmental screening and exclusion process will be either be low-impact ones or will have no non-trivial impact. These low-impact subprojects will further be designed and constructed incorporating the environmental codes of practice designed for the Project. The relatively larger sub-projects will prepare brief sub-project level EMPs, as per the terms of reference included in the environmental codes of practice. Generic environmental management plans, already prepared as part of the environmental codes of practice, and the sub-project level EMPs, if any, will be incorporated in the bidding documents, wherever the contractors are responsible for implementing the mitigation measures.

47. Further, the EMP includes (i) an environmental monitoring plan, specifying the parameters, frequency, and responsibilities for monitoring; (ii) a plan to conduct two independent environmental audits in the Project, at the end of the second and the fourth year of implementation, (iii) an environmental capacity-building program, including plans for training and exposure visits for the departmental staff, contractors and beneficiary groups; and (iv) investments in two additional laboratories and supporting water quality surveillance to augment the wider water quality monitoring in the state.

48. Monitoring of implementation of the EMP at the district level will be conducted as part of the regular monitoring of the Project activities, except that the environmental screening process will be distinctly monitored by the state PIU. Compliance monitoring, at least twice a year in each district on a sample basis, will be periodically undertaken by the environment cell of the state PIU. Results of the independent environmental audits will be used to improve the implementation of the project (including at the mid-term review), and to modify the EMP as required. 

49. Adequate budget provision has been made for implementation of the EMP. This budget will primarily be managed by the environmental unit of the PIU. 

Table 3:  Budget for Implementation of Environmental Management Plan

	
	Items Proposed in EMP
	Base Cost (`lakh)
	Budget (US$ M)

	A10
	EMP Implementation Cost: Investment cost and maintenance
	56.95
	0.13

	A20
	EMP Implementation Cost: Operational cost
	652.60
	1.45

	B10
	Environmental Capacity Building: Training programs
	152.50
	0.34

	B20
	Environmental Capacity Building: Workshops, Consultancies
	493.20
	1.11

	C
	Concurrent monitoring & evaluation of outcomes and impacts
	90.00
	0.21

	D
	Communication: Bio-village campaign; media, documentation
	55.00
	0.12

	E10
	Grants/Assistance: Intensification of bio-pesticide production
	100.00
	0.22

	E21
	Works: Bio-village program implementation
	876.00
	1.95

	E22
	Works: Relocation and restoration of cultural properties
	80.00
	0.18

	E23
	Works: Enhancement of water bodies
	150.00
	0.33

	E31
	Goods & Equipment: Water quality testing kits
	30.00
	0.07

	E32
	Goods & Equipment: Dam safety testing mobile vans
	20.00
	0.04

	E33
	Goods & Equipment: Additional WQ laboratories under SWID
	400.00
	0.89

	
	Total
	3156.25
	7.01


50. Institutional Arrangements for implementation of the EMP: At each DPMU, an Assistant Engineer will be in-charge for implementing the EMP, with support from a full-time environmental specialist who will ensure that all environmental mitigation and management measures are fully implemented. At the state PIU, a distinct environmental cell will be formed, headed by an Superintendent Engineer, with a full-time Senior Environmental Specialist, a full-time training coordinator, and an additional expert to work on the dam safety aspects. The responsibility of the environmental cell of the state PMU will be to: (i) review and inspect implementation of the EMP; (ii) review and verify the environmental screening of the candidate schemes, including sample field verification; (iii) implementation of the environmental capacity building and awareness activities; (iv) coordinating with relevant departments with respect to the larger state-wide issues of water quality including heavy metal, arsenic and fluoride contamination; water efficiency, reducing energy use in irrigation, promoting renewable energy in irrigation, integrated pesticide and nutrition management; and (v) managing the environmental audit process.

51. Reporting: The quarterly progress reports of the project from WRIDD to the World Bank will include a section on implementation of the environmental management framework. Reports of the independent environmental audits will be submitted to Bank within 3 months of completion of the second and the fourth year of the implementation period.

         CHAPTER-1

Introduction

1.0 Background of the Study
The Government of West Bengal through the execution of minor irrigation schemes has embarked on a process of intensification and diversion of agriculture. In absence of the opportunities of expanding the cultivable area, the State Government feels that this is the only way of boosting agriculture growth and enhancing incomes for the rural poor on a reasonable time frame. The existing cropping intensity is around 180% (2005-2006) - the average of the practices in different agro-ecological zones of the State. The target is to raise the level of raising the cropping intensity to the level of 200% in areas of 6 different agro-ecological zones primarily through input of minor irrigation supported by balanced use of inorganic/organic fertilizer and insecticide /pesticide. The sustainability of these minor irrigation schemes, the state government is confident will to a great extent will depend on institutionalizing participatory irrigation management taking into account the specifics of traditions, socio-cultural parameters of farmer’s and water user associations in different agro-ecological regions of the State. 

The program specifically aims at developing and or rehabilitating community- based minor irrigation systems on sound techno-economic, environmental and social principles. The execution of the program stresses on   the strategy of conjunctive use of surface and ground water relying on the principles of equitable distribution of water keeping in view, in particular, the socially and economically disadvantaged groups amongst farming communities in project influence areas. This program of accelerated development of minor irrigation targets to bring in about 2,13,500 ha of agricultural land under different types of minor irrigation. This has subsequently been revised to 138901ha These types will broadly cover surface flow schemes,  water detention structures, river lift schemes (medium and small). Ground water structures will have representation of medium deep tube wells, low capacity deep tube wells, shallow tube wells and  pumped dug wells.  The total no of schemes proposed to be developed  under the program have been kept at around 4660. Of the target of 138900 ha,  an area of  63555 ha have been allocated against surface water schemes the balance to ground water schemes..

1.1 The Project

1.1.1 Project  Location

The project intends to bring in 63,555ha of land under surface water irrigation (through a total of 2395 minor surface water schemes consisting of 1994 medium and mini river lift irrigation schemes, 117 small water detention structures and 284 small surface flow schemes), and another 75,346ha of land under groundwater irrigation (through a total of 2265 schemes consisting of 359 medium duty tubewells, 522 clusters of low duty tubewells, 1309 clusters of shallow tubewells, and 75 clusters of pumped dug wells). In total, therefore there will be 4460 schemes, each serving between 20 and 50ha of agricultural land to be irrigated. All these schemes are proposed to be managed by community and farmer groups. The project will also support intensification and diversification of agricultural systems and adoption of improved post-harvest technologies, purposeful and effective advisory services coupled with a higher degree of market integration; capacity and institutional development for management of minor irrigation in the state.

These 4460 schemes will be implemented in 18 districts in the state.  These blocks are dispersed over all of the six agro-climatic zones of the state, viz., the hill zone, the Teesta-Terai flood plain, the Vindhyan alluvial zone, the Ganga alluvial zone, the undulated red lateritic zone, and the coastal saline zone. However, the hill district of Darjeeling, and the coastal areas of Sundarban islands are not included in the project. Locations of individual schemes are not pre-determined at this stage, but will be determined based on community demand for irrigation. Currently, a district-wise distribution is estimated, based on a preliminary estimate of community demand.

1.1.2    Types of Sub-Projects included in the Project: 

These will broadly cover surface flow schemes, RLI schemes, water detention structures; Ground water structures will have representation of medium deep tube wells, low capacity deep tube wells, shallow tube wells and dug wells. Salient features of these schemes are delineated in brief hereunder.

a. River Lift Irrigation (RLI): In case of Midi RLI schemes, water from rivers/streams/rivulets is lifted by two centrifugal pump sets each capable of discharging 100 cubic meters per hour. Such RLIs can irrigate 40 ha of cultivable land. The distribution chamber is elevated and water gets distributed through underground pipelines. There will be two parallel operated diesel/electrical pump sets each capable of discharging 100 cubic meters per hr at a total head of 18/24m. There will be three blocks and 12 sub-blocks, each sub block having one outlet capable of irrigating 3.33 ha. Water management has been proposed through construction of 125m masonry channel in network or using lay flat hoses to bring water from each spout to the field. Locations for such schemes are selected so that a minimum of 0.11 cubic meter per second of surface water is available at the source during April-June and the suction lift is within 4.5m. 
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b. In case of Mini RLI schemes feature are the same. Under these schemes two centrifugal pump sets each capable of discharging 50 cubic meters per hour irrigate 20 ha of cultivable land. The distribution mechanism is similar to those of Midi RLIs and they have the distribution chamber, and underground pipelines. There will be 2 blocks and 8 sub-blocks each having an outlet( spout chamber) capable of irrigating 2.5ha. Water management is done through construction of 100m network masonry channel or using lay flat hoses for bringing water from each spout to the field. Selection of location of these schemes is guided by the surface water availability at a minimum discharge of 0.06 cubic meters and 4.5m of static suction lift.

c. Surface Flow Minor Irrigation Schemes (SFMIS): SFMIS are small diversion schemes. These schemes are constructed across the rivulets and operated by regulatory structures. These schemes are located in areas where adequate surface water is available during non-monsoon and gravity flow to the service area is economically feasible. Small storage works are created through construction of low height weirs and embankments. These schemes are capable of irrigating 90% of the irrigation period by gravity flow through earthen/lined channels depending on field contour conditions. The balance 10% of the irrigation is assured by pumping with 3.5 HP pump sets having a discharge of 30 cubic meters per hour at a total head of 10m. 2 to 3 pump sets are provided for 30ha, 40ha & 50ha SFMIS. 

d. Medium Duty Tube Well (MDTW): This type of tube well is constructed for discharging 100 cubic meters per hour. Water is lifted by a submersible pump set capable of discharging 100 cubic meters per hour to irrigate 20 ha of land.  Underground pipelines originating from one elevated chamber distributes water. The distribution chamber serves as the link between pump sets and delivery pipeline system. The chamber regulates pump discharge to match the discharge of the pipe distribution system in addition to ensuring equal streams to each of the two pipelines. 

e. Light Duty Tube Well (LDTW): These structures are suitable for areas where water table is beyond suction limit. In these schemes water is lifted by one submersible pump discharging 30 cubic meters of water per hour to irrigate 6 ha of land through open channels. These structures are installed in a cluster of 5 to 7 tube wells. 

f. Shallow Tube Well (STW): These are constructed in areas where water table is within suction limit. Water is lifted by one centrifugal pump set capable of discharging 30 cubic meters of water per hour to irrigate 6 ha of land through open channel. These structures are installed in a cluster of 5 to 7 tube wells. 

g. Pumped Dug Well (PDW): Dug wells are generally open masonry wells having low discharges. Diameters of open wells may vary from 2m to 9m and they are generally less than 20m in depth. Pre-cast concrete rings may also be used in construction of wells. These are popular structures in the districts of Jalpaiguri, Coochbehar and Siliguri subdivision of Darjeeling.

The following tables show the total number of different types of schemes (or sub-projects) that is expected to be installed. 

Table 1:  District-wise Type and Number of Minor Irrigation Sub-Projects Proposed

	District
	Surface Water Schemes (Sub-Projects)
	Groundwater Schemes (Sub-Projects)

	
	RLI (Midi & Mini)
	WDS
	SFMIS
	Total 
Structures
	CCA 
(ha)
	MDTW 
(20ha)
	LDTW Cluster (36ha)
	STW Cluster (30ha)
	PDW Cluster (30ha)
	Total 
Structures
	CCA 
(ha)

	Coochbehar
	262
	0
	0
	262
	5880
	50
	0
	400
	9
	459
	15670

	Jalpaiguri
	328
	50
	10
	388
	7390
	30
	0
	550
	62
	642
	22260

	Birbhum
	96
	0
	80
	176
	5320
	21
	70
	0
	0
	91
	2940

	Bankura
	98
	0
	75
	173
	5960
	24
	61
	0
	0
	61
	2676

	N 24-Parganas
	43
	0
	0
	43
	1260
	0
	0
	0
	0
	0
	0

	Darjeeling
	46
	7
	14
	67
	1655
	0
	0
	36
	4
	40
	1416

	N-Dinajpur
	86
	0
	0
	86
	2240
	18
	85
	182
	0
	285
	9972

	S- Dinajpur
	119
	0
	0
	119
	3580
	4
	8
	0
	0
	12
	368

	Malda
	175
	0
	0
	175
	5000
	30
	66
	141
	0
	237
	8052

	Murshidabad
	64
	0
	0
	64
	2160
	0
	16
	0
	0
	16
	576

	Nadia
	169
	0
	0
	169
	3960
	0
	0
	0
	0
	0
	0

	Burdwan
	126
	60
	35
	211
	4650
	40
	87
	0
	0
	127
	3932

	Hoogly
	92
	0
	0
	92
	2320
	18
	56
	0
	0
	74
	2376

	S-24- Parganas
	56
	0
	0
	56
	1320
	0
	0
	0
	0
	0
	0

	Howrah
	15
	0
	0
	15
	400
	16
	0
	0
	0
	16
	320

	E-Medinipur
	23
	0
	0
	23
	920
	48
	47
	0
	0
	95
	2652

	W-Medinipur
	116
	0
	20
	136
	5340
	60
	26
	0
	0
	86
	2136

	Purulia
	80
	0
	50
	130
	4200
	0
	0
	0
	0
	0
	0

	Total
	1994
	117
	284
	2395
	63555
	359
	522
	1309
	75
	2265
	75346


1.2     The project development objectives can be summarized as below:

· Bring an additional area of 138900 ha through a judicious mixture of different types of minor irrigation schemes in 6 agro-ecological regions of the state through conjunctive use of surface and ground water.

· Raising the cropping intensity to 200% in CCA s proposed to be covered by the projects

· Strengthening community-based institutions like farmers’ associations,  WUAs etc for facilitation of transfer of responsibilities for operation and management of such projects

· Adoption of best practices for technical design, construction quality and management   of social and environmental aspects.

· Introduction of water saving technologies including ground water monitoring in the project area

· Provision of support services for intensification and diversification of   agricultural systems and adoption of improved post-harvest technologies, purposeful and effective advisory services coupled with a higher degree of market integration.

· Capacity and Institutional Development to strengthen the Water Resources Investigation and Development Department for better and effective handling of issues related to project management, management of communications and environmental  safeguard and taking up monitoring,  evaluation and impact assessment activities after categorization of the sub-projects on the basis of screening criteria developed for the purpose.

1.2 Study Area

The study area spans the length and breadth of the State covering 18 districts.  From Jorebanglow - Sukhiapokhri blocks of the Darjeeling district in the North, the study area touches down to the Sagar block of the South 24-parganas district fringing the Bay of Bengal. The project sites are dispersed over a very large number blocks spread in 6 major agro-climatic zones of the State. The distributions of blocks in different agro-climatic zones are furnished in the table 1.2(i) :

Table – 1.2(i)

	Agro-climatic zones
	No of blocks and districts

	1.
Hill Zone
	13 full blocks in Darjeeling and Jalpaiguri districts

	2.
Terai-Teesta Flood Plain
	26 full blocks in Darjeling, Jalpaiguri, Coochbehar, and Uttar Dinajpur

	3.
Vindhyan Alluvial Zone
	61 full and 4 part blocks in the districts of Uttar Dinajpur, Dakshin Dinajpur, Malda, Murshidabad , Birbhum, Paschim Medinipur, Purba Medinipur

	4.
Gangetic Alluvial Zone
	121 full and 4 part blocks in the districts Uttar Dinajpur, Dakshin Dinajpur, Malda, Murshidabad, Nadia, 24-Parganas (\North), Howrah, Hoogly, Bankura and Bardhaman

	5.
Undulating Red Lateritic Zone
	57 full blocks in the districts of Barddhaman, Bankura, Paschim Medinipur, Birbhum, and Purulia

	6.
Coastal Saline Zone
	59 full blocks of 24-Parganas (North), 24-Parganas( South), Purba Medinipur and Howrah


It is thus clear that the study area has a very good coverage of the different physiographic zones of the State namely the Himalayan Mountain System, the Piedmont Region and the Terai and Dooars of the north, the extension of the Chhotonagpur Plateau in the south-west   and the Ganges-Brahmaputra Delta in central and eastern region. Four agro-climatic zones in the central, south and south-west of the state cover the bulk of the blocks of the proposed program.

A map of the Study area showing environmental features is furnished at Annexure-I
CHAPTER- 2

METHODOLOGY

2.1     Introduction

Accelerated Development of Minor Irrigation (ADMI) is an ambitious project of the Water Resources Investigation and Development Department (WRIDD). It covers almost the entire state excluding Kolkata and thus spans the six agro-ecological regions of the State. The project will involve execution of schemes using both surface and ground water. Surface flow schemes , river lift schemes and water detention  structures together target to provide irrigation to 63555 ha of the total of 138900 ha projected in then program and such schemes will have maximum CCA of 50 ha.   Because of presence of issues of environmental concerns in different agro-ecological regions of the state - there is need  for environmental screening of sub-projects on a set of criteria  to take stock of environmental parameters and their sensitiveness  before such subprojects can be taken up for execution following the operational guidelines of the World Bank funding the project. 

2.2       Scope of Activities 

Environmental assessment is an important component of the project preparation along with other components of social and hydrological assessment.  The ultimate objective of the environmental studies may sharply be focused under the following:

· Building up environmental baseline of the project area

· Building up baseline for irrigation resources

· Provision of the Environmental Management Frame Work(EMF) identifying all environmental issues in the project 

· Preparation of the Environmental Codes of Practice (ECoP) to supplement the EMF 

· Preparation of specimen Environment Management Plan for selected sub-projects to demonstrate   how the ECP can be translated  into project-specific EMP 

· Preparation of TORs for limited Environmental Assessment (LEA)  for medium impact category sub-projects 

·  Preparation of Generic Environment Management Plans( Generic EMP) for low    impact category sub-projects 

· Undertake review of the State’s Integrated Pest Management (IPM) policy and the policy of Integrated Nutrient Management (INM) and revise the same in consultation with the Department of Agriculture.

· Provision of an implementation framework including the framework for monitoring inspection and environmental audit 

· Devising a framework for Environment Management Capacity Building and Training for the officers and staff of the WRIDD and other stakeholders like the supervision consultants and the contractors.
2.3      Building up environment and irrigation baseline 

The consultants , keeping in view the wide spectrum of outputs of the services provided by them, will attach due importance to the building of the environmental and irrigation baseline data to identify environmental issues of concern in different agro-ecological  regions of the State through extensive literature survey of the documents with the WRIDD, Department of Environment including the State Pollution  Control Board , the Department of Agriculture, State Water Investigation Directorate, Central Ground Water Board (Eastern region ), the Department of Public Health Engineering, Department of Panchayat and Rural Development, Department of Forests including the Wildlife Wing.  . Such data will be strengthened through inputs of primary survey of 30 villages in sample blocks (Annexure II), selected by random sampling in consultation with the client. The samples have been selected to ensure that these are representative in consideration of the parameters like geology, hydrology, availability or otherwise of irrigation resources both surface and ground water, status of development of ground water, ground water quality and above all the quality of life indicators in the CCAs proposed to be covered by minor irrigation schemes. Extensive stakeholder consultation at the sample villages on a structured questionnaire will also yield additional data for specified sub-projects in the candidate site. Specific environmental issues will also come out through such consultation. It may be worth while to mention the studies on hydrology and social issues undertaken in parallel by another Consultant will contribute to the enrichment of the data. 

Collection of environmental baseline data at the level of proposed candidate site in sample blocks will include:

· Climatic data (temperature, rainfall, humidity, etc.)

· Land use data of the candidate sites in the sample blocks/villages

· Water resources (streams, rivers, rivulets, tanks, ponds, water harvesting structures, etc.)

· Cropping pattern and cropping intensity

· Use of inorganic fertilizers, pesticides and insecticides

· Disease vectors and water borne diseases afflicting local stakeholders.

During the survey of villages Rapid Environmental Assessment (REA) has been done through a checklist. The checklist included the issues as below:

· The location of the project site with reference to environmental sensitive areas like protected areas (national parks, wildlife sanctuaries, community conservation areas, sacred groves etc)

· Existence of wetlands, mangroves and areas of outstanding natural beauty

·  Presence of wildlife migration corridors

· Habitats of indigenous population

During the process of Rapid Environmental Survey at the village level, potential environmental impacts have been identified and assessed on issues related to the environmental parameters as described below:

· Loss of precious ecological values  keeping in view the siting parameters

· Loss of historical/ cultural structures

· Disruption of local hydrology, local flooding and drainage hazards

· Increased soil erosion   and  siltation leading to decreased stream/ reservoir capacity

· Excessive pumping of ground water leading to salinisation, arsenic/ fluoride contamination 

· Water logging and salinisation due to inadequate drainage and farm management 

· Leaching of soil nutrients and changes in soil characteristics due to excessive application of irrigation water

· Reduction of downstream water supply during peak seasons  and impact on fisheries and downstream users

· Pollution of soil and ground water from polluted run-off

· Risks of public health due to excessive use pesticides and insecticides

· Increased incidence of waterborne or water related diseases

· Soil erosion – rill, sheet , furrows , gulley and bank erosion

· Clogging of canals due to increased sedimentation and invasion by aquatic weeds

· Saline water intrusion into down stream fresh water systems

2.4  Stakeholder Consultation 

Preliminary consultations have been carried out with the State level Stake holders.  Such consultations included the client WRIDD, the Department of Environment and the State Pollution Control Board, Department of Panchayat and Rural Development, Department of Forests (Wildlife Wing), State Water Investigation Directorate, Department of Agriculture and some Agriculture Universities.

Village level consultations have been undertaken in sample blocks on dates convenient to the District Conveners. During such consultations at the village level of the candidate sites stakeholders have been categorised as primary and secondary stake holders. The former included the direct beneficiaries, implementing agencies at the district/block/subdivision level, representatives of the Agriculture Department and other relevant Departments at such levels. Secondary stake holders included some local NGOs working in related domains as available during such consultations.

Such consultations were duly notified in advance indicating the venue and time. All consultations been adequately documented through audio/video recordings and digital photography. The attendance in the stakeholder meetings, FGDs have duly been recorded in attendance sheets.

The stakeholder consultations, including review of the ongoing consultation by the WRIDD have been taken due cognisance of to ascertain whether additional consultations are required.

To have the feedback from the stakeholders during the process of consultation, inputs of stakeholders on environmental issues have been obtained through a structured questionnaire. Selected village elders, the informed Govt. Officials related to minor irrigation were also brought under the fold of consultation.
2.5    
Examination of water and soil quality 

The Consultants have undertaken examination of water quality covering the following issues:

· Issues related to water quality, supply and public sanitation specially in the fluoride and arsenic affected areas

· Examination of water quality parameters for potable water where there is possibility of use of irrigation water as drinking water.

· Water quality assessment included pathological and chemical contamination (particularly heavy metal and nitrate and nitrogen toxicity of surface water, especially in areas around industrial and urban centres. Heavy metals will include As, Pb, Zn, Cal, Ca, Ni, Fe, and Cr. 

The consultants compiled information on the existing water quality monitoring program undertaken by different agencies of the state govt. like the WBPCB, SWID and the Central Ground Water Board etc to asses its adequacy and provide recommendations for enhancing the capacity of the State agencies. A mechanism for dissemination of information on water quality among the rural users has also been developed in consultation with the Client.

The Consultants have undertaken primary monitoring of water quality at 16 sites for incorporation of the result in the report.

Soil Quality monitoring covered 9 samples in some selected sample blocks The quality of soil has been examined for organic matter content, inorganic nutrient content, water holding capacity, infiltration rate, soil salinity, and soil acidity. 

 The Consultants have also compile information on soil quality of different agro-ecological zones from secondary sources to see how these data correlate to the data obtained through primary monitoring. 

2.6    
Environmental screening of sub-projects

The Consultants after studying the environmental issues in the project area and taking inputs from stake holder consultations in general and the officers of the WRIDD at different hierarchical level have developed screening criteria of subprojects to ensure that execution of such sub-projects does not lead to significant adverse impact in the project surround and also avoids impact on human and livestock health of the project area of influence.. Such screening has been proposed to rely on the following issues:

· Location of the subproject with reference to sensitive issues like wildlife protected areas, wetlands of importance, wild elephant migration corridors, sacred groves etc.

· Location of habitats of indigenous population

· Location of archaeological and historical sites

· Status of ground water development particularly for minor irrigation schemes proposing use of ground water

· Status of arsenic/ fluoride contamination 

· CPCB standards on quality of irrigation water

Such screening parameters developed are easily identifiable or measurable and would be applicable for sub-projects in all agro-ecological regions. 

During this exercise the consultants have also developed some criteria for exclusion of subprojects considering the environmental sensitivity and significant irreversible adverse impacts. 

Environmental scoping has been done keeping in view the score of the sub-project as per screening criteria developed for the purpose.  Environmental survey of sites in sample blocks have indicated that most of the sub-projects will be low impact category projects and environmental impacts arising out of such sub-projects can well be managed through the implementation of a Generic Environmental Management Plan. For higher impact categories in case of projects having scores of 9 to 12 limited EA will be required.

The scoping of such limited EA to include:

· How, when and where of each activity recommended

· A list of environmental issues that do  deserve a detailed examination

· Recommendation of studies that need to be conducted in parallel but are outside the EA process

2.7     Preparation of limited EA 

Scoring of sub-projects on the basis of the screening criteria may categorise some subprojects in the sample blocks as medium impact categories .TOR for Limited EA for such sub-projects has been prepared to guide implementing agencies to prepare limited EA. Because of the exclusion criteria high impact category sub-projects will be avoided and as such none of the sub-projects selected for implementation will get categorised as high impact category. Consequently no detailed EA will be required as per the operational policies of the World Bank. Limited EA for medium category impact projects will be prepared on the basis of scoping of such subprojects. These will necessarily include the following issues:

· Policy , legal and administrative framework guiding the preparation of the EA

· Project description describing the proposed project and its geographic ,ecological and social context

· Baseline data on physical, ecological and socio-cultural resources with reference to the project area of influence. Physical resources will include climate, air quality, topography, soils, geology, surface water/ground water and their quality. Ecological resources will cover wildlife protected areas, wetlands of importance, sacred groves, wild animal migration routes, reserved /protected forests, fisheries and coastal resources. Socio-cultural resources will cover structures or sites that are of historical or archaeological significance, physical and cultural heritage like places of worship, debater land, habitats of indigenous communities etc.

· Identification, characterization and assessment of impacts on physical, ecological and social resources. Impacts will be assessed on duration, direction and severity; beneficial impacts will also be brought out. All impacts for the construction and operation phase will be spelt out and mitigation measures suggested to keep adverse impacts at acceptable levels. Residual impacts, if any will be specified. 

· Environmental Management Plans will be prepared  Such EMPs will identify and summarise all anticipated adverse impacts and devise mitigation measures with technical details specifying the type of impact to which it relates and the conditions under which it is required. The EMP will also identify monitoring objectives and specify the type of monitoring   with linkages to the type of impacts identified in the EA.

2.8   
Preparation of Generic Environmental Management Plan 

Generic Environmental Management Plan has been devised to take care of impacts during the construction and operation phase of sub-projects of low impact category.  Associated activities like provision of access to the site of sub-projects have also been taken into consideration while devising the plan. This has been developed in the form of a matrix and this has  allocated columns for project activities in construction and operation phase, mitigation measure, location, timeframe. Responsibilities for implementation   and monitoring have been specified in the plan specified in the plan.

2.9    Preparation of Environmental Management Framework 

The consultants after building up the environmental baseline and completing Stakeholder consultation, screening and scoping procedures through the methodologies adopted above will prepare limited EA for some identified sub-projects belonging to medium impact category and Generic Environmental Management Plan in the manner as indicated above.  The consultants have prepared the Environmental Management Framework (EMF).to cover all the sub-projects in different agro-ecological zones. This framework developed addresses the following issues:

· Environmental base line and Irrigation resources baseline of the study area.

· Exclusion criteria for sub-projects

· Screening procedures for sub-projects

· Procedure for environmental scoping

· Procedures for undertaking  limited EA for projects of medium impact category

· Generic EMP for low  impact category projects

· A plan for adequate environmental management capacity in WRIDD

2.10 Preparation of environmental codes of practice 

The Consultants have studied the PMGSY Environmental Code and taken guidance in the matter of preparation of the ECOP for the project. But naturally the proposed program of minor irrigation of WRIDD has a mixture of surface and ground water schemes and spread all over the state in different agro-ecological zones having different environmentally sensitive issues. The magnitude of operation and technology of construction will also vary across the set of subprojects. Thus there may be a requirement of specific project interventions. The Consultants have applied their mind  to bring out such specific interventions in ECOP prepared for the program. EcoPs would be prepared in such a manner so as to make them amenable for incorporation in the bidding documents.

2.11  Implementation framework 

The consultants in consultation with the Client and other Official of the Department at regional and the district level have prepared a framework for monitoring, inspection and environmental audit. Agencies responsible for monitoring and inspection, and audit have duly been specified. Parameters and frequency of monitoring of environmental parameters including their locations also have been specified. 

2.12 Capacity Building and training 

The consultants understand that the officers and staff of the WRIDD have not been exposed to such environmental procedures during execution of minor irrigation schemes. They will require to be sensitised to these issues through proper training. Capacity building  measure have been proposed to enhance the ability of individuals, institutions to make and implement decisions and perform functions in an effective, efficient and sustainable manner. At the individual level these measures stress on the process of changing attitudes and behaviours Capacity building at the institutional level will focus on overall organisational performance and functioning capabilities as well as the ability of an organisation to change. Capacity building exercise will cover officers and staff both at the local implementation level, the regional supervisory level and the state level. 

The Consultants have identified the needs at different levels through intensive consultation with the Client.  Officers at all levels have been involved in such consultation during the process of stake holder consultations in different agro-climatic zones. Training modules have been developed for different target groups to meet the emergent needs of the program execution.

Appropriate courses have been identified in the Institutes both at the state and national level for exposure of the officers to the situation of adapting to the changed environment implementation of the program in view the criteria of environment-friendliness and sustainability. Study tours to the Indian States of groups of officers to India and some Asian countries where such program has been implemented or under implementation have been suggested as this may go a long way to sensitise such groups to seriously work within the Environmental Management Framework. (EMF)

2.13     Review and revision of the state policy of Integrated Pesticide Management (IPM) and Integrated Nutrient Management (INM) and development of a project specific pesticide management plan

Agriculture practices which include pests and disease control methods, application of plant  nutrients, choice of crops  play a very important role in environment management especially for healthy maintenance of agro ecosystem for sustainability and to avoid problem of pollution through insecticide/pesticides which can directly enter human system through crops indirectly through the route of animal product, fish etc, Nitrate, phosphate of the inorganic fertilizer leached from the soil tends to increase concentration of these elements in the ground water / surface water, and damage l physical, chemical and biological productivity of soil due to lack of use of organic matter, etc. Since irrigated agriculture promotes intensification of the practices, the chances of pollution are even greater unless appropriate measures are taken to control pollution and to achieve sustainability. The consultants have developed a project specific Pesticide Management Plan

· Consultation with the Department of Agriculture and Agricultural Universities

· Review of the National Policy and Policies adopted by different states specially of the Eastern region

· Study of the trend in use of inorganic fertilisers, insecticide/pesticide in different agro-climatic regions of the State.
CHAPTER- 3

ENVIRONMENTAL SETTING

3.1       Geology

Unconsolidated sedimentary deposits of the Quaternary period cover 73,858 sq km of the total area of the state. The rest of the area is covered by hard rocks ranging in age from the Precambrian to the Tertiary periods, which are decidedly older than the sedimentary formations.

The terrain formed of hard rocks can be broadly divided into two distinct regions.

(ii) Extra peninsular mountain-terrain of the Darjiling Himalayas in the north, and 

(ii)
Peninsular tract comprising a rolling topography in the south west covering parts of Puruliya, Bankura, Paschim Medinipur, Birbhum and Bardhaman districts

The Pre-Cambrians are represented by the Darjiling Gneiss, Lingtse Gneiss and Daling group of rocks in the districts of Darjeeling and Jalpaiguri. Apart from the Precambrian formations, there exist some sedimentary rocks of the Gondwana period and also of Siwalik formations of the late Tertiary period.

The Terai region of the northern part of Jalpaiguri and Darjiling districts has a belt of alluvial detritus. This Siwalik group of rocks has representation of coarse, hard, sandstone, siltstone, slate and conglomerate. The rocks follow the fringes along the foothills and have a thrust contact with rocks of Gondowana super-group towards the north.

The Pre-Cambrians in the Peninsular West Bengal are mostly exposed in Puruliya district and also along the western margins of Bankura, Paschim Medinipur and Birbhum districts. There are also extensive exposures of Gondwana rock formations in the districts of Barddhaman, Puruliya, Bankura and Birbhum.

The Gondwana rocks show extensive development in the Bardhaman district and extend into adjoining parts of Bankura and Puruliya districts and also occur as small basins in Birbhum district The Rajmahal basic flows and the associated inter-trappeans of Triassic and Cretaceous age are developed only in the district of Birbhum.

Rocks belonging to Tertiaries, represented by pebbly grit, ferruginous sandstone, red shale, rare mottled clays and gravels are reported from several places in the peninsular extension into West Bengal. These beds occur in a number of small plateau-like formations in the districts of Bardhaman, Bankura, Birbhum and Medinipur districts.

The Quaternary terrain of Peninsular West Bengal may be divided into the following geographical domains:

(i) The area extending from Ganga flood plain in the north to Bay of Bengal in the south, and bounded by the Bhagirathi river in the west up to Indo – Bangladesh border in the east, including parts of Murshidabad, Nadia, 24-Parganas districts.

(ii) The high plains of Hughli, Bankura, Medinipur, Bardhaman and Birbhum districts adjoining the peninsular mass sloping towards the course of the Bhagirathi-Hughli river system.

(iii) The high plains to the east of the Mahananda River in Dinajpur and Malda districts sloping towards the Ganga-Padma river course.

3.2  
Soils

The features of soils can be best described in terms of climate and vegetation supported by it. On such considerations the soils of West Bengal can be classified into six agro-ecological sub-regions. These are:

(i) Warm Humid 

(ii) Warm to Hot Humid

(iii) Hot Humid

(iv) Hot Moist Sub-Humid

(v) Moist Sub-Humid

(vi) Hot Dry Sub-Humid.

Table – 3.2(i)

Distribution of soils in agro-ecological sub-regions

	Sub-regions
	Extent

in mha
	% of the area of the state
	Distribution in districts

	1.
Warm Humid 
	0.26
	2.9
	Darjeeling

	2.
Warm to Hot Humid
	0.17
	1.9
	Jalpaiguri

	3.
Hot Humid
	0.85
	9.6
	Jalpaiguri, Kochbehar, Uttar and Dakshin Dinajpur

	4.
Hot Moist Sub-Humid
	4.39
	55.7
	Dakshin Dinajpur, Malda, Murshidabad, Nadia, Howrah, Hoogly, 24-Parganas (North), Barddhaman, Bankura, Birbhum and Purba Medinipur

	5.
Moist Sub-Humid
	0.68
	7.6
	24-Parganas (S), Purba Medinipur

	6.
Hot dry Sub Humid
	1.98
	22.3
	Purulia, Bankura, Paschim Medinipur, Birbhum


Warm humid agro-ecological sub region covers the mountainous region of Darjiling District. Soils of this sub-region are heterogeneous in nature. The soils developed on steep hill slopes are shallow, excessively drained with severe erosion hazard potential. The soils of the foothill slopes and valleys are moderately deep, well drained, loamy in texture with moderate erosion hazards. Soil acidity, high runoff rate and limiting soil depth (on steep hill slopes) are the most important problems of this region.

Warm to hot humid agro-ecological sub-region comprising of foothills of Bhutan Himalayas constitutes the northern fringe of Jalpaiguri district with Tarai soils. The soils are partly developed and are mainly formed of young alluvium on alluvial fans of the foothills. These are shallow to moderately deep and at places deep with medium to fine texture. Mostly tea and horticultural plantation are supported by these soils. Severe flood hazards coupled with abrupt break in gradient and severe runoff poses serious water management problems.

Hot humid agro-ecological sub-region covers the Teesta Plain (Duars) below the Bhutan Himalayas, the districts of Kochbehar, Jalpaiguri (southern part) and Uttar Dinajpur. The soils of this region have developed from the alluvium deposited by the rivers like the Teesta, Mahananda and Jaldhaka. These are moderately deep to deep, coarse to fine loamy in texture. At places these soils are moderately well drained but mostly they are imperfectly and/or poorly drained. The area is intensively cultivated for rice and jute. The major problems are water logging, severe flood hazards etc.

Hot moist sub-humid agro-ecological sub region comprises of the Ganga Plain (an eastward continuation of Indo Gangetic Plain covering the districts of Maldah, Dakshin Dinajpur Murshidabad, Nadia, Haora, Hugli, 24 Parganas (North), Bardhaman (eastern part), Birbhum, Bankura and Purba Medinipur.  The soils have been formed from the alluvium deposited by Ganga and its tributaries and sub tributaries viz. Ajoy, Damodar, Kangsabati, Bhagirathi, Haldi, Rupnarayan etc. These soils are greatly variable in their morphological, physical and chemical properties depending upon the geomorphic situations, moisture regime and degree of profile development. The soils are intensively cultivated for rice, wheat, potato and oilseed crops. Frequent inundation of low lying areas result in stagnation of water for certain times of the year. Besides flood hazards also affect the normal dry land crop yields. The soils of this sub-region have high nutrient content and mineral resource with a high potential for a large variety of agricultural and horticultural crops.

Moist sub-humid agro-ecological sub-region encompasses the coastal parts of the districts of 24 Parganas comprising mostly Sundarban areas of 24 Parganas (South) and coastal Medinipur. The alluvium deposited by Matla, Haldi, Rupnarayan Rivers have gradually developed into deep, fine loamy to fine textured soils, by and large salt impregnated due to tidal flow of sea water through creeks and sub-tributaries. These soils are imperfectly to poorly drained with moderate to very high salinity hazards. The soils remain wet and saline for considerable period of the year and are suitable particularly for salt resistant crops.

Hot dry sub-humid agro-ecological sub-region comprising the outlines of Chhotonagpur Plateau includes the district of Puruliya and western parts of Bardhaman, Bankura, Birbhum and Medinipur. The soils have developed on parent materials of sedentary nature. They vary from shallow to deep reddish to yellowish red, loamy to clayey and are imperfectly to well-drained. Relatively less aggregated red and laterite soils are prone to frequent development of surface encrustation. Poor capacity for retention of rainwater leads to severe runoff and soil loss. Soil infertility and limiting soil depth also pose problems.

3.2.1 Soil types in agro-climatic zones

The distribution of soil types with their features is furnished in the table 3.2.1(i): 

Table – 3.2.1(i)

	Sl.

 No.
	Agro-climatic zone
	Soil type
	Districts

	1
	Northern Hill Zone
	Soils are shallow, coarse and medium texture; highly susceptible to soil erosion, reasonably high in organic matter, poor in base and phosphate and acidic in soil reaction
	Parts of Darjeeling and Jalpaiguri

	2
	Terai-Teesta Alluvial Zone
	Soils are deep, medium in texture, moderate level of organic matter; pH ranges from highly acidic to acidic, low in bases, phosphate, potash and some micro-nutrients
	Coochbehar and parts of Darjeeling, Jalpaiguri and Uttar Dinajpur

	3
	Gangetic Alluvial Zone
	Soils are very deep, medium fine to medium in texture, neutral to mildly alkaline in pH; N and P status medium to medium low and potash is medium to high
	Dakshin Dinajpur, Malda, Nadia and parts of Uttar Dinajpur, Murshidabad, North 24-Parganas, South 24-Parganas, Howrah, Hoogly, Barddhaman and Birbhum

	4
	Vindhyan Alluvial Zone
	Soils are generally deep, texturally medium fine, mostly acidic in soil reaction; pH increases with depth, low in bases, organic matter and phosphate and medium in potash
	Parts of Murshidabad, Howrah, Hoogly, Barddhaman, Birbhum, Bankura, Paschim Medinipur and Purba Medinipur

	5
	Coastal Saline Zone
	Soils are mostly very deep, fine textured with varying grades of soil salinity: soil salinity increases with depth. Excessive presence of K and Mg under poor drainage has created typical physical condition problematic to soil tilth. 
	Parts of North 24-parganas, South 24- Parganas, Howrah and Purba Medinipur

	6
	Undulating Red and Lateritic Zone
	Soils are normally well-drained, susceptible to soil erosion; pH ranges from acidic on ridges to near neutral in valleys, base saturation, organic carbon content, phosphate and potash are significantly low
	Purulia and parts of Barddhaman, Birbhum, Bankura and Paschim Medinipur


A soil map of West Bengal showing detailed soil types is provided at Annexure III.

 Primary soil quality monitoring has been undertaken through Scientific Research Laboratory in 9 blocks. A large number of parameters have been monitored including texture, moisture content, pH, organic matter, available nitrogen, available phosphorus and available potassium. Such monitored values and secondary soil quality data of some blocks in the districts of Nadia, Murshidabad, Howrah, South 24-Parganas and Barddhaman have been furnished at Annexure XIII.

3.3   Climate

The State of West Bengal generally experiences Tropical Monsoon type of climate. Climatic features, however, vary in different regions. Under the new system of climatic classification 5 zones have been recognised. These are:

(1)
Humid on the northern mountain slope and Humid coastal area 

(2)
Super humid Terai and the southern Mountain slope,

(3)
Semi-humid north and south,

(4)
Sub-humid east and west

(5)
Humid coastal area

This new system is based on mean annual rainfall, mean annual range of temperature, evapo-transpiration and mean annual humidity. The table below   presents the details of the system and the area of the state that can be grouped under each, showing vegetation types and recorded natural hazards.

Table – 3.3(i)

Climatic classification of West Bengal

	Climate Types
	Mean annual rainfall in mm
	Mean annual range of temperature in oC
	Mean annual PPT in mm
	Mean annual relative humidity in %
	Characteristic natural vegetation
	Climatic hazards in the region
	Range

	Super humid
	Above 3000
	
	Above 2000
	
	 
	 
	 

	Super humid mountain southern slope
	Above 3500
	10 - 13
	Above 2000
	Above 75
	Evergreen and semi evergreen sub tropical wet hill forest
	Heavy rain causes landslides and disruption of communication
	South facing Himalayan slope of Darjiling and Jalpaiguri District

	Super humid terai
	3000-3500
	10 - 13
	Above 2000
	70-75
	Forest - Moist Sal Bearing forest
	Heavy rain may cause flashing of river and floods
	Plain section of Darjiling Jalpaiguri and almost whole of Koch Behar

	Humid
	1800-3000
	
	200 - 2500
	
	 
	 
	 

	Humid mountain northern slope
	1800 - 3000
	10 - 13
	200 - 2500
	Above 75
	Mountain wet temperate forest
	Heavy rain causes land slide and disruption of communication less frequent than 1a. Winter rain and snow.
	Northern side of Ghoom ridge covering Rangit and Tista Valley in the northern portion of Darjiling District.

	Humid interior
	1800 - 3000
	10 - 13
	200 -2500
	70 - 75
	Cleared for cultivation
	Occasional flood due to heavy precipitation.
	Whole of West Dinajpur upto Balurghat in the south, excluding north western part of Raigunj sub division

	Humid coastal 
	1800 - 3000
	< 10
	200 -2500
	Above 75
	Tidal forest
	Storm surge - frequent incantation of the low lying areas. Damage to property and loss of lives
	Along the southern part of the state covering coastal areas of Medinipur and 24 Pargana(s)

	Semi humid
	1500 - 1800
	10 - 13
	0-200
	70 - 75
	Topical Moist Deciduous forest
	Occasional thunder storms during pre monsoon months.
	 

	Semi humid North 
	
	
	
	
	 
	 
	Northern part of Malda and southern part of West Dinajpur

	Semi humid South
	 
	 
	 
	 
	 
	 
	Central Medinipur, southern Nadia, northern 24 Parganas, Hughli and almost whole of Haora, excluding its southern tip.

	Sub humid
	Below 1500
	
	
	
	
	
	

	Sub humid east
	Below 1500
	10 - 13
	P is almost equal to PE or slightly greater but not more than 60 mm.
	65 - 70
	Cleared for cultivation
	Occasional drought
	Northern half of Nadia, eastern part of Bardhaman, whole of Murshidabad, and Southern part of Malda.

	Sub humid west
	Below 1500
	More than 13
	P is less than PE
	Less than 65 (in dry season)
	Tropical dry deciduous forest, scrub and thorny bushes.
	Frequent drought, heat wave during summer months.
	Northern Medinipur, whole of Puruliya, Bankura, Birbhum and western Bardhaman.


3.3.1 Seasonal cycle

Four well defined seasons cyclically rotate over West Bengal. These are:

· Winter- December- February

· Summer- March to may

· Monsoon- June to September

·  Retreating monsoon or Autumn- October- November

3.3.2 Temperature

The Latitudinal extension of the state exerts less influence on the temperature pattern of the State than the topography. The summer temperature in Darjeeling varies between 14º c in Sandakphu to 23º C in the foothills This goes to 27º C in Jalpaiguri  and goes down to 23ºC -24º c in Uttar Dinajpur. The average summer temperature in Dakshin Dinajpur is between 26º C- 27º C  and the same at Malda varies between 27º c - 28º C.. The entire South Bengal experience scorching summer temperature of 29º C but coastal Purba Medinipur records less summer temperature  because of maritime influence.

The average winter temperature in Darjeeling varies between 9º C and 14º C and that in Jalpaiguri varies between 17º C and 19º C. this temperature declines to 12º C to 16º C in Uttar Dinajpur. The temperature varies between 20 º C to 21º C in Western Rarh and fluctuates between South 24 –Parganas and Purba Medinipur

3.3.3 Rainfall and number of rainy days

Annual rainfall in districts of West Bengal varies widely - Coochbehar records highest rainfall of 3584mm. This is followed by Jalpaiguri (3415mm), Darjeeling (2766mm), Uttar and Dakshin Dinajpur (1824 mm). Amongst the districts of South Bengal, Puruliya receives the lowest (1387 mm), followed by Birbhum (1377mm), Barddhaman (1419 mm), Nadia (1435 mm), Howrah (1610mm), Murshidabad (1636 mm), Purba Medinipur  (1755 mm) , Paschim Medinipur (1688 mm), North 24-parganas (1716 mm) and South 24- parganas 9 2248 mm). 

The average number of rainy days in the state is 79. However for the northern region of the state is 88.

3.3.4 Climatic Conditions in different agro-climatic zones

Rainfall and air temperatures (maximum and minimum) in different agro-climatic zones during three well defined periods namely pre-monsoon, monsoon and post-monsoon are reflected in the table 3.3.4(i) :

Table – 3.3.4(i)

	Sl No.
	Agro-climatic zone
	Rainfall (mm)
	Air temperature

	
	
	
	Max
	Min

	1
	Northern Hill Zone

March to May

June to Oct.

Nov. to Feb.
	398.5

2637.5

68.5
	17.0

19.5

12.0
	10.5

14.3

4.8

	2
	Terai Teesta Alluvial  zone

March to May

June to Oct.

Nov. to Feb.
	376.6

2134.0

42.6
	32.3

31.3

26.0
	20.5

24.5

12.8

	3
	Gangetic Alluvial Zone

March to May

June to Oct.

Nov. to Feb.
	233.8

1206.0

67.8
	35.0

32.2

27.4
	23.4

25.6

15.6

	4
	Vindhyan Alluvial Zone

 March to May

June to Oct.

Nov. to Feb
	137.23

1206.12

66.68
	35.3

32.0

27.0
	23.2

25.2

15.1

	5
	Coastal Saline Zone

March to May

June to Oct.

Nov. to Feb


	195.0

1475.2

82.2
	34.0

32.0

28.2
	24.8

26.0

16.0

	6
	Undulating Red and Lateritic zone

 March to May

June to Oct.

Nov. to Feb


	137.0

1224.0

66.0
	37.0

32.4

28.2
	23.7

25.0

14.8


3.4 Land Use

The total recorded under different categories of land use in West Bengal was 8.687 million ha in 2003-2004. Salient features of land use in the State are:

· Predominance of the net sown area. This stood at 63% of the recorded area. This reflects the intensity of land use when compared to the figure of 46% for the entire country.

· The share of fallow land, uncultivable land and pastures in West Bengal is very low. This is only 1% of land under different uses in West Bengal whereas for the entire country the figure is high as 17.6%.

Land use in the state is characterised by its intensiveness. A recent report brought out by the Govt. of West Bengal reflects that the challenge for land use planning lies in achieving concurrently the objective of protecting and consolidating agriculture, diversifying agriculture production, enhancing rural development and moving firmly towards industrialisation and infrastructure.

The table below gives the distribution of land allocated to nine categories:

Table; 3.4 (i) Land use data of West Bengal (2003-2004)

	District
	Total area
	Forest area
	Area under non-agriculture use
	Barren and unculturable land
	Permanent  pasture & other grazing land
	Land under misc. trees and groves 
	Culturable waste land
	Fallow land other than current fallow
	Current fallow
	Net area sown

	Darjeeling 
	325.74
	124.58
	33.79
	4.93
	0.91
	1.94
	1.38
	3.80
	11.15
	143.00

	Jalpaiguri
	622.70
	179.00
	76.44
	2.41
	0.00
	5.07
	0.78
	0.08
	21.46
	337.46

	Cooch Behar
	331.38
	4.26
	56.66
	1.10
	0.84
	8.97
	1.41
	0.24
	1.26
	257.00

	Uttar Dinajpur
	312.47
	0.58
	30.55
	0.22
	0.09
	3.23
	0.13
	0.62
	4.47
	272.58

	Dakhsin Dinajpur
	221.91
	0.93
	25.61
	0.21
	0.01
	0.67
	0.02
	0.09
	1.15
	193.22

	Malda
	371.05
	1.68
	84.06
	0.00
	0.00
	3.01
	0.09
	0.30
	49.65
	232.26

	Murshidabad
	532.50
	0.77
	120.60
	2.03
	0.04
	2.00
	0.82
	0.40
	1.82
	403.82

	Birbhum
	451.12
	15.85
	90.81
	o.40
	0.30
	0.75
	2.92
	2.61
	26.03
	311.45

	Barddhaman
	698.74
	22.27
	182.62
	2.38
	0.62
	3.01
	9.84
	3.33
	8.04
	466.63

	Nadia
	390.66
	1.22
	74.71
	0.20
	0.10
	2.64
	0.58
	0.05
	3.94
	307.22

	24-Pgs(N)
	386.52
	0.00
	117.96
	0.00
	0.00
	8.71
	0.00
	0.00
	2.40
	257.45

	Hoogly
	312.22
	0.53
	80.54
	0.97
	0.11
	2.30
	1.62
	0.14
	0.84
	225.17

	Bankura
	688.10
	147.70
	142.18
	2.37
	0.52
	0.88
	3.71
	1.49
	41.12
	364.13

	Purulia
	625.48
	75.05
	84.75
	4.31
	0.65
	0.82
	6.36
	3.69
	110.71
	339.14

	Purba Medinipur
	396.59
	0.90
	91.70
	1.73
	0.07
	3.91
	0.06
	0.15
	0.78
	297.29

	Paschim Medinipur
	928.58
	169.69
	146.07
	2.44
	0.65
	6.46
	4.19
	3.82
	29.98
	565.28

	Howrah
	138.68
	0.00
	43.77
	0.75
	0.14
	0.74
	0.14
	1.11
	4.92
	87.11

	24-Pgs(S)
	953.37
	426.30
	125.95
	0.59
	0.00
	2.76
	0.45
	0.21
	13.66
	383.45

	West Bengal
	8687.54
	1171.31
	1608.97
	27.04
	5.05
	57.87
	34.50
	22.13
	333.38
	5463.67


Cultivable area as per 2005-2006 data of the Department of Agriculture is estimated at 57.49 lac ha. This estimate projects the figures of gross cropped area and net cropped area at 95.32 lac ha and 52.95 lac ha. The distribution of such areas and the cropping intensity of different districts is furnished in the following table:

Table: 3.4 (ii) District wise cultivable areas, Net Cropped Area, 

Gross cropped area and Cropping Intensity (2005-2006)

	Sl No
	District
	Cultivable area(ha)
	Gross cropped area (ha)
	Net cropped area (ha)
	Cropping intensity

(%)

	1
	Darjeeling
	162395
	239773
	141773
	169.12

	2
	Jalpaiguri
	357928
	561803
	336637
	166.89

	3
	Coochbehar
	260011
	512378
	246939
	207.49

	4
	Uttar Dinajpur
	278586
	497341
	270231
	184.04

	5
	Dakshin Dinajpur
	191385
	299867
	187948
	159.55

	6
	Malda
	282465
	439819
	221537
	198.53

	7
	Murshidabad
	404343
	937782
	401369
	233.65

	8
	Nadia
	303196
	730461
	291995
	250.16

	9
	24-Parganas (N)
	266188
	495911
	260537
	190.34

	10
	24-Parganas(S)
	386401
	507604
	370367
	137.05

	11
	Howrah
	88778
	170994
	81652
	209.42

	12
	Hoogly
	223166
	528672
	218817
	241.60

	13
	Barddhaman
	477427
	825028
	454939
	181.35

	14
	Birbhum
	338258
	514494
	319959
	160.80

	15
	Bankura
	388403
	493854
	335583
	147.16

	16
	Purulia
	442276
	329642
	308643
	106.80

	17
	Paschim Medinipur
	595691
	931881
	551720
	168.90

	18
	Purba Medinipur
	302206
	515303
	294056
	175.24

	
	Total
	5749105
	9532607
	5294702
	180.04


3.5 Drainage
West Bengal is a land of rivers. Some of these are the tributaries and the others are the distributaries.  The State is drained by three major basins namely the Ganges, the Brahmaputra and the Subarnarekha. These three rivers drain 46.30%, 39.17% and 2.74% of the total quantum of surface water.

Table – 3.5(i)

Catchment areas of basins and sub-basins

	Sl no
	Basin
	Area in sq km

	1
	Brahmaputra
	11860

	2
	Ganga
	74439

	3
	Subarnarekha
	2160

	
	Total
	88459


Break-up of areas in major basins

	
	Basin/Sub-basin
	Area in sq km
	
	Basin/Sub-basin
	Area in sq km

	A.
	Brahamaputra
	
	
	12. Damodar
	5250

	
	1.Sankosh
	172
	
	13.Dwarkeswar
	4430

	
	2.Raidak
	807
	
	14.24-Pgs-Calcutta Port Drainage
	4330

	
	3.Torsa
	3419
	
	15.Kangsabati
	8369

	
	4.Jaldhaka
	3746
	
	16.Silabati
	3952

	
	5. Teesta
	3716
	
	17.Rupnarayan
	2548

	B.
	Ganga
	
	
	18. Pichabhanga
	820

	
	1.Mahananda, Nagor,Kulik, Phulhar,Barsoi
	9460
	
	19.Rasulpur
	1130

	
	2. Punarbhaba
	730
	
	20.Haldi
	980

	
	3. Atrai
	910
	
	21.Tidal Zone (Sunderbans)
	11320

	
	4.Bagmari- Pagla- Bansloi
	930
	
	C. Subarnarekha
	2160

	
	5. Dwarka- Brahmani
	2500
	
	
	

	
	6.. Bhagirathi- Hugli
	1170
	
	
	

	
	7.Jalangi
	5640
	
	
	

	
	8. Mayurakshi-Babla
	5470
	
	
	

	
	9.Ajoy
	3252
	
	
	

	
	10.Khari-Gangur-Ghea
	5400
	
	
	

	
	11.Churni
	800
	
	
	


3.5.1 Rivers of North Bengal

The northern part of the State has an area of 21763 sq km and is drained by six rivers. Five of these rivers drain into the Brahamaputra and only Mahananda drain into the Ganga. The Himalayan rivers debouch into the plains at approximately 90 m contour level and deposit substantial quantum of sediment in this stretch because of declining slope.

3.5.2 The Ganga- Bhagirathi System

The Ganga – the most important river of the State enters the State of West Bengal from Jharkhand at the Rajmahal hill area and flows about 80km upto Farakka. The course of the Ganga between Rajmahal and Jalangi changes frequently. The Bhagirathi takes off from the Ganga at Mithipur – a village in Murshidabad Dist. It discharges into the Bay of Bengal at Gangasagar after flowing for about 500km southward. The stretch of 280km below Nabadwip is tidal. And this tidal reach is the river Hugli. The Jalangi and Churni- two off-shoots of the Ganga-Padma flow southwest to join the Bhagirathi. Both Jalangi and Mathabhanga - Churni now stand cut-off from their feeder. The Mathabhanga forks into two channels – the Churni flowing west and the Ichhamati flows southwards towards the Sundarbans. The Bhagirathi continuously oscillates in Murshidabad and Nadia. 

3.5.3 Western Tributaries

The Bhagirathi – Hugli has tributaries like Pagla, Bansloi, Mayurakshi, Ajoy, Khari-Banka, Damodar, Rupnarayan, Kangshabati-Haldi, Rasulpur and Pichhabani. All these rivers excepting Rasulpur and Pichhabani originate from Chhotanagpur uplands and flow east or south-east to meet Bhagirathi. These rainfed rivers tend to go dry during lean months.

3.5.4 
Tidal creeks of Sundarbans

Sundarbans extending over an area of 9630 sq km is demarcated by the Dampier and Hodge’s line in the north, Ichhamati- Harinbhanga in the east, Baratala estuary in the west and the Bay of Bengal in the south. Six creeks passing through the Indian territory are Saptaamukhi, Jamira, Matla, Bangaduni, Gosabaa and Baratala. The bulk of the area of the Sundarbans is only 3m above the mean sea level and tidal fluctuation is more than 5m.Very large areas go under water during high tide.

3.6 Surface Water 

The major rivers, like Sankosh, Raidak, Torsa and Jaldhaka, really act as tributaries to the Teesta river. These originate in the Himalayan mountain zone or in the Piedmont fans.  In addition, there are many smaller streams which originate from the piedmont fans and the diluvial plains, like the Chel, Mal, Dharla, Karla, etc., which join one or the other major streams as tributaries. It drains some 39% of surface water of the State.

The features of the gangetic drainage basin are indeed complex. It drains some 46% of surface water of the State. 

The Mahananda is the most important stream amongst the left bank tributaries. It originates from the southern flank of the Himalayan mountain zone. Unlike the Teesta River, its channel has remained stable. The sediments carried by it are filling up the Tal lowland. Other streams originating from North Bengal meet the Padma river, the name given to the Ganges downstream of Farakka, in Bangladesh as left bank tributaries.

Down stream of Farakka, the Ganges-Padma River has thrown several left Bank distributaries. Amongst these, the Bhagirathi is the major one. Many of these distributaries join each other in the eastern part of south Bengal. In the extreme south, the rivers are tidal in character. These are now filling up the depressions in the transition zone between riverine and tidal delta. Due to low gradient, stagnation of water is a frequent problem in the monsoon months.

From the Deccan shield zone many rivers flow into the Ganges basin. These are all tributaries to the Bhagirathi. Amongst these, the Damodar is the major one. All these rivers are flood prone, although many reservoirs have been constructed on several of these streams. Many depressions widen their water spread areas in those months. Amongst all these rivers, the Damodar in its lower course has not yet attained any stable channel.

The left bank tributaries, the south Bengal distributaries and the right bank tributaries respectively drain 11.18%, 16.01% and 21.37% of the total surface water of the State. The Subarnarekha originates in the Deccan shield, but flows directly into the sea. Within West Bengal, its catchment area is the smallest accounting for only 2.74% of the total surface run off of the State. The Dolong river is its only major tributary within West Bengal. The Subarnarekha is experiencing lateral shift towards south-west. It is also a flood prone river. The floodwater passes from the left bank through the southern part of Medinipur District. 

Table – 3.6(i)

Amount of surface water by basins in West Bengal

	Basin
	Sub-basin
	Surface Water (MCM)
	% of Total

	Ganges 
	64532
	48.56

	Left Bank Tributaries
	14855
	11.18

	 
	Mahananda
	13334
	

	 
	Punarbhaba
	1034
	

	 
	Atrai
	487
	

	South Bengal Distributaries
	21279
	16.01

	 
	Jalangi
	3707
	

	 
	Bhagirathi
	13643
	

	 
	Tidal Rivers
	3929
	

	Right Bank Tributaries
	28398
	21.37

	 
	Pagla-Bansloi
	591
	

	 
	Brahmani-Dwarka
	1957
	

	 
	Mayurakshi
	2590
	

	 
	Ajoy
	2509
	

	 
	Damodar
	8924
	

	 
	Darakeswar
	3330
	

	 
	Silabati
	2068
	

	 
	Kangsabati
	3233
	

	 
	Kaliaghai
	818
	

	 
	Rupnarain
	1188
	

	 
	Haldi
	327
	

	 
	Rasulpur
	401
	

	 
	Pichabhanga
	462
	

	Brahmaputra
	64728
	48.70

	 
	Sankosh
	1365
	

	 
	Raidak
	6666
	

	 
	Torsa
	11908
	

	 
	Teesta
	32124
	

	
	Jaldhaka
	12665
	

	Subarnarekha
	Subarnarekha & Dolong
	3645
	2.74

	Total
	 
	132905
	100.00


3.6.1    Surface Water Quality

A rough estimate done by the State Pollution Control Board of total domestic pollution, produced in the different basins and sub-basins is reflected below.  About 80 per cent of the water used for domestic purpose returns back to the drainage systems as wastewater. The remaining part is either absorbed in the process of use or evaporated. For assessing the total organic load and wastewater produced, the urban and rural population has been estimated for the basins and sub-basins, based on 1981 census.

Table – 3.6.1(i)
Basin and sub-basin wise organic pollution load  

	Basin & Sub-basins
	Organic Pollution Load Kg per Day

	 
	Rural
	Urban
	Total

	Brahmaputra
	202049
	27171
	229210

	Raidak II & Sankosh
	11549
	145
	11694

	Torsa & Raidak I
	70072
	8370
	78442

	Jaldhaka
	35560
	11021
	46581

	Teesta
	35560
	11021
	46581

	Ganga
	2038038
	824712
	2862750

	Mahananda & Atrai
	161124
	36440
	197564

	Bagmari & Pagla
	51868
	5608
	57476

	Jalangi & Churni
	184070
	38336
	222406

	Mayurakshi & Babla
	138150
	12857
	151007

	Ajoy
	64815
	23115
	87930

	Damodar
	160771
	81807
	242578

	Rupnarain
	276796
	22481
	299277

	Haldi & Kangsabati
	201580
	23920
	225500

	Rasulpur
	97510
	2116
	99626

	Tidal Rivers
	363430
	301104
	664534

	Subernarekha
	59518
	2499
	62018

	Total
	2299605
	854382
	3153978


             Source: State Pollution Control Board.

In West Bengal, there are three distinct zones of industrial activities. The largest number of industries is situated along the banks of the river Hugli in the districts of 24-Parganas, Kolkata Haora, Hugli and Nadia. Huge quantity of untreated or partially treated industrial effluent is discharged into the river Hugli from these industries. Large number of industries is also situated on the bank of the Damodar in Durgapur-Asansol region. The next important place where large industries have come up and more industries are likely to come up soon is the Haldia region in the district of Purba Medinipur. Here the discharged waste water is a source of pollution to the rivers Haldi and Hugli. Among the polluting industries in other areas, some industries are at Kharagpur-Medinipur region and Siliguri. Common pollutants from these industries are shown in the table 3.6.1(ii) :
Table – 3.6.1(ii)

Common Industrial Pollutants

	Common Pollutants
	Types of Pollution Generating Industries

	BOD & COD
	Breweries & Distilleries, Paper & Pulp, Tannery, Dairy, Textile, Organic Dye Mfg., Iron & Steel, Vegetable Oil Refinery & Wool Combing

	Oil & Grease
	Iron & Steel, Vegetable Oil Refinery, Mineral Oil Refinery & Wool Combing

	Heavy Metals
	Organic Dye Mfg., Electroplating & Storage Battery Mfg.

	Mercury
	Chlor-alkali

	CN
	Electroplating & Iron & Steel

	Phenol
	Iron & Steel & Mineral Oil Refinery

	Arsenic & Nitrogen Compound
	Fertiliser

	Sulfides
	Mineral Oil Refinery

	Chromium
	Tannery

	Insecticides
	Pesticides


Source; State Pollution Control Board
 

The use of chemical fertilisers, pesticides and insecticides for agriculture has increased over the years. A good portion of these fertilisers and pesticides along with other organic matters is drained into the rivers and lakes with surface runoff during the monsoon. High inorganic nutrient levels, particularly of nitrates and phosphates accelerate the eutrophication process in water. At several stretches of different rivers in West Bengal some eutrophication has been observed. The situation in the Lower Damodar river as also in the estuary of the Hugli river is remarkably worse.

3.6.2   Surface water quality of rivers in different agro-climatic zones

West Bengal Pollution Control Board had undertaken monitoring of water quality of some rives at different sites during the period March, 2004 to March, 2005. These rivers are the Tista, Kaljani, Mahananda in North Bengal, the Rupnarayan, Kasai, Silabati, Dwarekswar, Subarnarekha in South-western part of the State, the Jalangi, Churni in Central Bengal. The Bhagirati-Hugli has been monitored during April-October 2007. Parameters relevant for domestic and non-domestic purpose were used for such monitoring.  Results of such monitoring are tabulated Table 3.6.2(i):

Table 3.6.2(i)

Surface water quality of rivers

	River
	Location
	BOD (mg/l)
	DO (mg/l)
	TC

(100MPN/100 ml)


	pH
	Total dissolved solids
	Total

Hardness  (100MPN / 100ml )
	Ca- Hardness (100MPN/ 100ml )
	Mg- Hardness (100MPN/100ml)

	CPCB standards
	Drinking water
	TC(MPN/100ml) -50 or less, pH – between  6.5and 8.5 DO-6mg/l or more, BOD- (5days at 20ºC) 2mg or less

	
	Bathing 
	TC(MPN/100ml) -500 or less, pH – between  6.5and 8.5 DO-5mg/l or more, BOD- (5days at 20ºC) 3mg or less

	
	Irrigation
	pH- between 6.5 and 8.5, EC at 25ºC micromhos/cm 2250 max SAR- 26 (max), Boron (2mg/l)

	

WHO Standards
	WHO has not prescribed standards for drinking or bathing water but they have issued guidelines for setting up values by different countries. India has IS 10500 for drinking water having 28 physical and chemical parameters. Of these only two parameters appear in this table.Prescribed values of parameters are pH- 6.5-8.5, Total hardness- 300

CPCB standards for irrigation water have been arrived keeping in view the guidelines of FAO in this sphere.

	Teesta
	Sevoke Bridge
	0.7-3.8
	6.8-

10.7
	800-

88667
	7.29-

8.1
	24.51-

48.83
	20-32.66
	17-27
	3.33-10

	Karola
	Maskalaibari

Bridge
	0.3-3.7
	5-8.8
	6967-

78333
	6.83-

8.28
	18.8-

50.32
	12-31.83
	9-21.33
	3-13.83

	Mahananda
	Champasari Rd

Bridge
	0.4-2.7
	2.1-8.9
	3.9-78.3
	7.1-7.5
	55.3-

101.2
	42.1-57
	31.16-39.3
	9.5-18

	Kaljani
	Birpara Rd

Bridge
	0.5-1.4
	4.5-9.1
	6267-74933
	7.1-8.06
	59.9-100.54
	53.16-77.33
	34.66-52
	18.5-34.16

	Bhagirathi-Hugli
	Howrah -Shivpur
	1.4-4.6
	5.1- 7.1
	135000-650000
	7.96-7.99
	96
	110
	NA
	NA

	-Do-
	Daksshinewar
	2-5.3
	4.7-6.6
	250000-1200000
	7.58-8
	176
	90
	NA
	NA

	-Do- 
	Diamond Harbour
	1.8-3.2
	5.4-7.1
	33000-110000
	7.85-7.96
	174
	560-2838
	NA
	NA

	Jalangi
	Station-!
	0.9-3.4
	5.3-9.1
	NA
	7.2-8.2
	111-374
	103-298.3
	71.6-220
	31.6-151.6

	Churni
	Station
	0.5-6
	0.9-4.1
	NA
	7.4-7.8
	145-405
	137-337
	106.6-266.6
	30-143.3

	Dwarakeswar
	Rajgram Bankura Municipality.
	0.7-3.5
	5.04-9.2
	603-2133
	6.9-7.2
	150-227
	57-108
	39.3-70.7
	15.3-52.6

	Kasai
	Rangamati, Medinipur, Municipality
	0.9-2.6
	6.7-8.3
	413-2133
	6.6-7.1
	128-207
	76-113
	59.3-70.06
	15.9-41.2

	Silabati
	Garhbeta
	0.9-2.07
	6.2-8.3
	793-2400
	6.6-7.6
	170-194.3
	62-129.3
	38.03-80.06
	17.9-60.6

	Rupnarayan
	Kolaghat town
	0.9-2.6
	5.6-8.5
	793-1640
	6.6-7.5
	393-933
	135-209.3
	84.07-140.7
	39.277.8

	Subarnarekha
	Gopiballavpur
	1.05-2.7
	6.4-8.5
	350-1373
	6.5-7.2
	160-199.3
	61.3-93.3
	41.3-70.05
	19.9-39.2


Source: West Bengal State Pollution Control Board

Note: i. Parameter values for Bhagirathi –Hugli are for the period April’07 – October, 07

          ii. For all other rivers figures are for the period between March’04 and March’05

iii. Values indicate minimum and maximum values in different months of the period.

The table reflects that parameter of pH and total hardness are within prescribed limit. Lower end values of BOD and higher end values of DO are also consistent and conform to prescribed standard. Values of TC are very high compared to prescribed limits for each location. Quality of water as per CPCB standards of irrigation are concerned, are acceptable in respect of parameter of pH. Other parameters like EC, SAR and Boron do not appear in this table.

Primary surface water quality monitoring has been undertaken in 6 blocks namely Purulia-II, Berhampore, Suri, Habibpur, New Barrackpore and Basanti Blocks during post monsoon by Scientific Research Laboratory – an approved and accredited laboratory. Physical, chemical and bacteriological parameters have been monitored. These include odour, turbidity, pH, BOD, COD, alkalinity, total hardness, dissolved solids, chloride, sulphate, nitrate, iron, cadmium. nickel, copper, lead,  manganese and mercury. Bacteriological parameters like total coliform, fecal coliform and E.coli also have been estimated. Of pesticides (-BHC, (-BHC and endosulphan also have been monitored.  Values of parameters are within the permissible limits of BIS standard for irrigation water (IS-11624-1986). Details of parameter values of primary monitoring are reflected in Anneuxure XII.

The West Bengal Pollution Control Board has monitored surface waters of the river Ganga at locations on different stretches within the State during 2006. Values of parameters relevant for irrigation water quality as per BIS and CPCB standards are generally well within permissible limits.  Values for BHC, aldrin, dialdrin, endosulphan and DDTT are low. Details of primary and secondary data on water quality have been reflected in Annexure XII. 
3.7 Ground Water Resources 

The state of West Bengal is broadly divisible into three distinct groundwater-bearing zones on the basis of physiographic features and geologic set-up. These are : 

(1)
Himalayan and Sub-Himalayan zones of Darjiling and parts of the 
Jalpaiguri and Koch Behar districts lying in the north, 

(2)
Crystalline or compact rocky uplands of Purulia and the western fringes of Bankura, Birbhum, Bardhaman and Medinipur districts including marginal lateritic tracts, and 

(3)
the low lying alluvial plains of the northern, central and southern parts of 
the state encompassed within the districts of Jalpaiguri, Koch Behar, Uttar Dinajpur, Dakshin Dinajpur, Malda, Murshidabad, Nadia, Hugli, Haora, the eastern parts of Bardhaman, Bankura and Medinipur, and 24-Parganas.

3.7.1 Regional Variation of Groundwater Availability

The aquifers are the products of the geomorphologic processes governing the annular spaces in the different types of sedimentary depositions. Such processes have changed over time.  Additional complexities have been added to the aquifers by the tectonic processes. Hence the pattern of groundwater availability varies regionally.

3.7.2 
Himalayan and Sub-Himalayan Zone

The larger part of the Darjiling district and extreme northern parts of Jalpaiguri district are covered by Archaean gneisses and schists and consolidated to semi-consolidated sedimentary rocks of Gondwana and Siwalik periods. The topography is rugged. The rise in elevation is abrupt. The rivers flow through gorges. Such features make the aquifers difficult to tap.

The southern sub-montane region is composed essentially of terraces underlain by a sequence of pebbles, cobbles, boulders along with sands of varying grades and clay. The relatively highlands form the Bhabar zone which merges southward with Terai zone. Lithological logs of boreholes show that the area is underlain by unconsolidated sediments of varying texture with several granular zones having considerable thickness down to a depth of 150 metres from land surface. 

Rain water enters the Bhabar zone by direct percolation and emerges as springs in the Terai zone. Groundwater occurs in a continuous thick zone of unconsolidated sediments down to a depth of about 65 metres. But due to rugged topography and steep hydraulic gradient, a very small part is stored as groundwater. The open wells are deeper in the Bhabar zone, ranging in depth from 3 to 10 metres. The water table fluctuates widely between monsoon and winter periods. The depth to water generally ranges from 1 to 6 metres below land surface. In southern part under Terai zone, the open wells are less deep and show less variation in seasonal fluctuations of water table. The depth to water in this zone also ranges from 1 to 6 metres below land surface.

The deeper aquifers contain groundwater under confined conditions and piezometric surface rises within 1.7 to 3.8 metres from the land surface. It has been found that groundwater potentials in the area gradually increase south of Siliguri. The prevailing hydro-geological condition precludes any large scale development of groundwater in the area.

3.7.3 
Western Shield Area

The shield area consists of an Archaean basement complex consisting of varieties of crystalline rocks on which Gondwana deposits and a possible deposit of Purana age occur in intracratonic basins. A few exposures of Tertiary rocks as well as late Mesozoic volcanics of Rajmahal also occur in the Shield area. The Archaean formations of the Western part of the state are in fact an easterly continuation of the Archaeans of Chhota Nagpur plateau.

The Gondwanas crop out mainly in the district of Bardhaman and possibly continue further east and southeast below the Quaternary alluvial fill. On the eastern margin of the shield area a thick outcrop of horizontal to sub-horizontal basaltic lava flows occur with intercalation of thin layers of shale and claystone. A few possible Tertiary deposits occur in the eastern margin of the shield near Suri and Durgapur.

Almost entire area of Puruliya district, the western parts of Medinipur, Bankura, Bardhaman and Birbhum districts are underlain by Archaean crystalline rocks. Thin veneer of Recent Alluvium occasionally occurs above stream courses. Groundwater in the entire area occurs under water table condition and is tapped by the open wells, generally varying in depth 9 to 20 metres below land surface. In Puruliya the water level lies between 5 to 8 metres below land surface and most of the wells go dry during summer because of the recession of water table. In Bankura and Medinipur districts the water table ranges from 3 metres to 17 metres below ground level and the seasonal fluctuation is of the order of 1 metre to 6 metres. The heterogeneous nature of the weathered mettle and uneven distribution of rainfall have precluded the possibility of adequate recharge to the groundwater bodies.

Apart from the occurrence of Archaean crystallines, in the Western parts sedimentary rocks of Gondwana age crop out in the extreme south-western parts of Birbhum district. Groundwater occurs under water-table conditions in weathered zone in this area varying in thickness from 3 metres to 15 metres. The depth to water level generally ranges from 2 metres to 14 metres below land surface. Groundwater in this area is exploited through open wells.

3.7.4 
Main Alluvial Plains

The main alluvial area constitutes about three-fourths of the State and is of great importance as far as groundwater development is concerned because of its huge potentials. This vast tract can be divided into:

(1)
The Northern part and 

(2)
The Southern part.

The sunken Deccan shield  is the dividing line between these two parts:

The area lying to the north of the above dividing line is composed of three distinct units. These are: 

(i)
Alluvial sediments of Jalpaiguri and Koch Behar districts of the Brahmaputra basin, 

(ii)
the Barind highland comprising parts of Malda and Uttar and Dakshin Dinajpur districts in the east of the Mahananda river, and 

(iii)
the Flood Plain  zones of the Ganga and the Mahananda rivers comprising the western part of Malda and parts of Dakshin Dinajpur districts. 

The southern part of the alluvial tract comprising central and southern districts of the state can also be grouped into: 

(i)
the Alluvial plains of the Bhagirathi river comprising the moribund and mature delta area lying in Murshidabad, Nadia, 24-Parganas (north) districts, 

(ii)
the Alluvial plains of Bardhaman, Hugli and Haora districts, and

(iii)
the Eastern Alluvial fringe of the shield area comprising parts of Birbhum, Bankura and  Purba Medinipur and 24-Parganas (south) districts. 

The districts of Jalpaiguri and Koch Behar are covered by alluvial sediments consisting of clay, silt, coarse to fine sand and gravel. The aquifers are likely to be encountered down to a depth of 150 metres separated by clay lenses. Groundwater occurs under both unconfined and confined conditions. The depth to water level generally ranges from 3 to 6 metres, the seasonal fluctuation being 1 to 2 metres.

The Barind tract represents an upland lying above the recent flood plains. The tract is covered by argillaceous sediments (lithomerge and clay) and ferralite of reddish brown colour of Pleistocene age. In Malda district groundwater occurs in a confined state in Old Malda and Gazole Blocks where the top 15 to 20 metres thick clay bed holds groundwater under pressure. Water-saturated granular material occurs in the depth span of 90 to 110 metres. In rest of the area groundwater occurs under water table condition. Depth of water table in this area varies widely ranging from 6 to 22 metres below land surface. 

The area to the west of the Mahananda-Kalindi river forms a part of the east Ganga basin and is more or less flat. Very loose unconsolidated granular sediments occur in this area and continuous aquifer 950 metres to 100 metres thick or even more is found below the soil cover. Depth of water table ranges from 2 to 6 metres below land surface. 

In the Uttar and Dakshin Dinajpur district, groundwater occurs in a thick zone of saturation within the alluvium. The aquifers occur within a depth of 150 metres below land surface and the thicknesses of such aquifers vary from 25 to 45 metres. The groundwater occurs under both water table conditions (Balurghat area) and confined conditions (Karandighi-Raiganj-Kaliaganj-Islampur area). The depth of water table ranges between 1 metre and 7 metre. 

The area lying to the east of the Bhagirathi river in Murshidabad, Nadia and 24-Parganas (North) is generally flat consisting of a succession of sand (coarse to fine), sand mixed with kankar, sandy to silty clay and clay. The geological controls indicate that groundwater occurs under water table condition. This is due to the occurrence of permeable material from surface as far as down to 157 metres below land surface. These aquifers generally become semi-confined to confined in the active delta region in the south. Depth to the water table in the area lying east of Bhagirathi is very close to the land surface. Certain sporadic occurrences of slightly deeper water table in parts of Krishnanagar, Krishnaganj, Tehatta and Chakdah blocks have also been noticed. Depth of water level is usually deep near the river being of the order of 6 to 9 metres from land surface. 

Except the coal field and Tertiary belt, most parts of Bardhaman and Hugli districts have reasonably thick deposits of loose unconsolidated alluvial materials of recent age. The alluvial fill tends to thicken towards the east and southeast; and towards the west it thins out on Tertiary-Gondwana terrain. The upper flood plains of the Bhagirathi and in a narrow sector of the Damodar basin occurrence of unconfined groundwater is the predominant hydrogeological feature. The cumulative thickness of aquifers as encountered ranges from 60 to 130 metres in the eastern part of Hugli district and 12 to 15 metres in the west beyond the Darakeswar river. In Bardhaman district aquifers range in thickness from 20 to 110 metres. A single aquifer having a thickness of 94 metres occurs in Jamalpur-Memari area within a depth of 125 metres below land surface. The deeper aquifers in Hugli district occur under confined conditions, whereas in parts of Burdwan district it occurs under unconfined to semi-confined state. Depth to water table in Hugli district varies from 1.15 to 8.80 metres whereas in Bardhaman district it varies from 3 metres to 9 metres below land surface. 

The eastern part of Birbhum district is covered by Older Alluvium and laterite, whereas in the southern part fluviatile sediments of recent age occur along the course of the Ajay river. In the south-astern part, Older Alluvium gradually merges into the wider spread of Recent Alluvium of the adjoining Burdwan district. The alluvial fill contains a number of aquifer zones within a depth of 210 metres having a cumulative thickness ranging from 25 to 55 metres. 

In Bolpur-Labhpur area the lithology changes abruptly and important granular zones occur between 250 to 450 metres below land surface having a cumulative thickness of around 100 to 110 metres. In these areas groundwater occurred under water table conditions in shallow aquifers and under confined conditions in the deeper aquifers. Depth to water table generally varies from 2 to 14 metres below land surface. 

The easternmost sector of Bankura district is generally covered by alluvium consisting of a succession of sand (coarse to fine), clay and silt. The depth of the alluvium generally increases towards the east from 80 metres near Govindapur to 458 metres near Repatganj. In laterite belt towards the central part, sands of various grades usually occur up to a depth of 20 to 25 metres below land surface. In the near surface aquifers water table conditions prevail, whereas deeper aquifers are in confined conditions. The water level varies widely both in Older Alluvium and Recent Alluvium, ranging from 1.5 to 22 metres. A number of flowing tube wells exist along the banks of the Dwarakeswar river, the Jaipanda Nadi and the Chanpa stream. Artesian flows are generally obtained from aquifers occurring between depth span 30 to 75 metres. In the Dwarakeswar river basin free flow of 25 to 34 litres per minute is obtained from a 50 mm diameter tube well. The artesian pressure is weak and varies from 1.1 m to 6.5 m above land surface. 

The Archaean highland of Paschim Medinipur disappears eastward below the deltaic plains of the Ganga. The alluvial plain formed by the Damodar, Rupnarayan and Subarnarekha rivers constitute the eastern plains of  Purba Medinipur district and these plains extend right up to the Bay of Bengal. In the central part of the district, a thick pile of Tertiary and Quaternary sediments occur comprising clay, sand and silt with occasional streak of lignites. Groundwater occurs under confined conditions in those formations and artesian tube wells have been successful in low lying areas of the Silai and Kaloghai river basin. Several aquifers have been intersected within the depth span of 20 to 165 metres below ground level. The depth to water table in the northern part of the district covered by crystallines and in the lateritic highlands varies widely, ranging from 2 to 28 metres, while in the central part it lies between 3 to 8 metres. 

The interfluve of the Rupnarayan-Damodar-Bhagirathi river systems occurring in the eastern and the southern part of Haora district and the coastal tract of the Bay of Bengal, that is, the southern part of Medinipur district and the area lying south of Calcutta city in 24 -Parganas district, are facing problems of salinity. Salinity problem in these areas is manifold, affecting all surface water storage by incursion of saline water through various cracks, streams and rivers in the tidal region. There hazards are aggravated by bank overflow during the period of cyclone. This surface salinity affects the underlying soil zone and irrigation practices. In the same area saline groundwater occurs at varying depths within a zone of 15 km to 20 km from the coast line. The salinity of groundwater in the adjoining area away from the coastal influences has rendered it unsuitable for irrigational use. The problem of occurrence of confined groundwater in this belt is essentially attributed to past geological events. 

The aquifer system underlying the coastal region demonstrates a wide variation in the disposition of the fresh and saline groundwater bodies. Throughout the coastal area a thick blanket of top clay is underlain by aquifers where both type of groundwater co-exist and as a system do not maintain any uniform hydraulic continuity. This characteristic is very much true in the case of the upper surface aquifers occurring within the depth of 120 metres below ground level. However, a group of fresh water bearing aquifers generally occur in the depth span of 140 to 280 metres below ground level. The lower group of aquifers are effectively separated from the upper aquifers by a thick clay bed and exist under confined condition. The piezometric head of the lower aquifers is generally less than 4 metres below land surface. 

The transmissivity value of the aquifers occurring in the alluvial belt in the Ganga delta varies widely from 500 m2 /day to 30,000 m2 /day; but on an average this value ranges from 3000 m2 /day to 9000 m2 /day. The water yielding capacity of potential aquifers generally ranges from 100 m3 /hour to 250 m3 /hour. 

However, the large diameter deep tube wells are found to discharge 100 m3 /hour to 200 m3 /hour with an average drawdown of 6 to 10 metres. The thickness of the aquifer zones tapped in these tube wells are of the order of 25 to 35 metres. The small diameter shallow tube wells are generally sunk within 40 to 60 metres below ground level and can yield 25 to 30 m3 /hour. 

3.8 
Ground Water Quality

The northern districts of Darjiling, Jalpaiguri and Koch Behar in the Brahmaputra basin the ground water is less mineralised having conductance values ranging from 100 to 600 micromhos/cm at 25o C and Cl values less than 200 g/l in majority of water samples. In hard rock terrain of Bankura, Birbhum and Puruliya districts, it is similarly less mineralised and specific conductance values range between 150 and 1000 micromhos/cm at 25o C and Cl values vary from 20-150 mg/l. In South 24-Parganas, Medinipur and Haora district specific conductance of ground water from deeper aquifers ranges between 1000-2000 micromhos/cm at 25o C and Cl values varies from 50 to 300 mg/l. In the rest of the state, mineralisation of ground water lies in between the two extreme limits of Northern and Southern districts.  The important chemical types of water in the state are Ca-Mg-HCO3 type for low mineralised water, Na-HCO3 type in South 24 Paraganas district and Ca-Mg-Cl type in Kolkata and some isolated pockets. 

In the coastal tracts of Purba Medinipur, South 24 Parganas and Haora districts lying in the active delta of the Ganga-Bhagirathi river system ground water is, in general, high in chloride content in upper aquifers (in Subarnarekha basin 8-100 m, in Haldia area, Kasai Basin 40-115 m, in South 24 Parganas and Haora districts 20-150 m depth range), and specific conductance also records a higher value (above 1500 micromhos/cm at 25o C. However, aquifers occurring in the depth span of 115-350 m in South 24-Parganas district are relatively fresher and chloride content of ground water is within permissible limit. A high concentration of chloride in ground water in these upper aquifers is probably related to the sub-marine and estuarine environment in which the sediments were deposited as also owing to sea water intrusion owing to proximity to the sea and tidal influence. 

In the northern part of the state, Ground water is very fresh electrical conductivity being generally below 500 micromhos/cm at 25o C. Similarly in the western part of the state comprising Bankura, Puruliya, Birbhum and parts of the Bardhaman and Medinipur districts ground water is fresh with conductance being below 1000 micromhos/cm being essentially a recharge area. Specific conductance values the fresh water group of aquifers are higher in the southern part of the state lying in the coastal tract and its adjoining areas. In general the entire state of West Bengal except the coastal and deltaic part quality of water is in general suitable for drinking, irrigation and industrial purposes as specific conductance values are well within permissible limits. 

In the upper aquifers of coastal area, it indicates that the iso-conductance contour values increase towards south-east direction. In north-western part the value is 500 micromhos/cm and in south-eastern part the value becomes 2000 micromhos/cm. The water is in general not suitable for drinking, irrigation and industrial purposes. 

Ground water availability, their status, arsenic and fluoride contamination etc are provided in Annexures IV and V separately for pilot and non-pilot blocks of different blocks of West Bengal.

Primary monitoring of ground water quality has been undertaken during post-monsoon by an approved and accredited laboratory namely Scientific Research Laboratory at Santoshpur, Jadavpur, Kolkata. These blocks include Phansidewa (Darjeeling), Nabadwip (Nadia), Raina (Barddhaman), Dhupguri (Jalpaiguri), Sitai (Coochbehar), Barrackpore-I (North 24-Parganas), Gangarampur (Dakshin Dinajpur), Goalpokhar I (Uttar Dinajpur), Uluberia I (Howrah), Kulpi (South 24-Parganas), Garbeta-I(Paschim Medinipur), Ranibundh ( Bankura ), and Balagarh( Hoogly).

Such monitoring covered physical, chemical and bacteriological parameters.  Such parameters included odour, turbidity, pH, total hardness, dissolved solids, chloride, sulphate, nitrate, iron, cadmium, nickel, copper, lead, magnesium, copper, mercury, chromium. In addition to these, alkalinity, BOD, COD have been evaluated. Bacteriological parameters like (-BHC, (-BHC and endosulphan also have been monitored. An examination of the values of parameters monitored in these locations indicate ground water quality at all these locations satisfy limits prescribed for parameters included in BIS standards for irrigation water. Values of monitored parameters are furnished in Annexure XII.

The West Bengal Pollution Control board has published comprehensive water quality data. Such secondary data primary relate to areas in industrial areas in the districts of Kolkata, Howrah, Purba Medinipur, Paschim Medinipur, Hoogly, North and South 24-Parganas. This monitoring was done during the pre-monsoon of 2007 and the values of parameters relevant for irrigation water quality as per BIS or CPCB standards are within permissible limits mostly. As far as values of aldrin, dialdrin, endosulphan and DDT are concerned these are mostly below detection limits.

Use of excess pesticide for increase harvest of cultivated crops pose a threat to contamination of ground water resources through leaching. Ground water being a closed system generally takes years to decontaminate. Residues of pesticides in agricultural crops also has serious implications on human health. In view of this West Bengal State Pollution Control Board had undertaken a continuous ground water monitoring programme in association with the Central Pollution Control Board at selected stations in the districts of Bardhaman, Howrah, North and South 24-Parganas, Nadia, & Maldah, Purba Medinipur, Paschim Medinipur and Kolkata at 22 stations. Monitored pesticides are BHC, DDT, Endosulfan, Aldrin, Malathion, Methyl Parathion, Chlorpyriphos and Anilophos.  The analysis of 22 samples resulted in detection of γ-BHC only in four samples and DDT in 2 samples only. Malathion was present only in one sample. Aldrin has been detected in a few samples but this was well below the quantification of the analytical set up. Chlorpyriphos and Anilophos were not detected. Pesticides have also been monitored by an accredited environmental laboratory in a good number of ground water samples collected from stations located in districts like Darjeeling, Nadia, Bardhaman, Jalpaiguri, Coochbehar, North 24-Parganas, Dakshin Dinajpur, Uttar Dinajpur, Howrah, Hoogly, South 24- Parganas, Paschim Medinipur & Bankura. All such samples had α-BHC, γ-BHC and Endosulphan below detection limit.

Ground Water Quality Monitoring of Pesticides (in ppb)

	Name/ Station code
	α-BHC
	γ-BHC
	Methyl Parathion
	Malathion
	Aldrin
	Chlorpyriphos
	Endosulphan I
	Dieldrin
	2,4- DDT
	Endosulphan II 
	pp-DDT
	Anilophos

	CPCB standards

Drinking water

IS 10500 : Pesticides- absent; permissible limit in the absence of alternate source is .001

Bathing 

No prescription

Irrigation

No prescription



	Dhapa(1775)
	nt
	bdl
	nt
	0.2300
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Tangra(1773)
	nt
	bdl
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Topsia(1774)
	nt
	bdl
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Cen. Howrah(1934)
	bdl
	0.0094
	bdl
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Howrah(1933)
	nt
	nt
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Cossipore

(1931)
	nt
	nt
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Cen. Kolkata

( 1932)
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Sonarpur

(1936)
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Domjur (1778)
	nt
	nt
	nt
	nt
	nt
	nt
	bdl
	nt
	nt
	bdl
	nt
	nt

	Behala(1777)
	0.0218
	0.0160
	bdl
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Garia(1776)
	nt
	bdl
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	CL Complex

(1935)
	0.0272
	0.0127
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Maldah(1945)
	0.014
	bdl
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Rajarhat

(1937)
	bdl
	0.0213
	bdl
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Haldia(1769)
	nt
	bdl
	bdl
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Haldia(1770)
	nt
	bdl
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Haldia(1942)
	nt
	nt
	nt
	nt
	bdl
	nt
	nt
	nt
	0.0277
	nt
	nt
	nt

	Kharagpur

(1943)
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	0.0098
	nt
	nt
	nt

	Kharagpur( 1944)
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Asansole

(1766)
	nt
	nt
	nt
	bdl
	nt
	nt
	bdl
	nt
	nt
	nt
	nt
	nt

	Durgapur

(1767)
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	nt

	Durgapur

(1768)
	nt
	nt
	nt
	nt
	nt
	nt
	nt
	bdl
	bdl
	nt
	bdl
	nt


Detection Limit: Organochlorine pesticides- 0.01ppb; Organophosphorus-0.1ppb; 

Nt- not traceable; bdl – below detection limit

Source:  WBPCB Annual Report – 2007-2008

The table above brings out that pesticides above detection limit have been recorded only in case of few sample sites. While installing ground water harvesting structures near such sites ,it has to be ensured that pesticides are monitored through SWID laboratories and in case of detection of pesticides above the permissible limit all such ground water structure have to be properly marked to prevent consumption of water by people form such structures.

Central Pollution Control Board also have undertaken monitoring of ground water quality in some problem areas of Howrah and Durgapur during the years 1994 and 2001-2002.Result published on such monitoring have brought out the values against each parameter and observations have been recorded as necessary with reference to BIS standards of drinking water. Secondary data as mentioned are provided in Annexure XII.

3.8.1 
Arsenic Contamination

The arsenic contamination problem in ground water in West Bengal has been reported from time to time since 1978.  Clinical manifestation of arsenic poisoning takes the form of dermatitis, conjunctivitis, bronchitis, gastro-enteritis etc in the initial stage. In the second stage peripheral neuropathies, melanosis, hepatopathy, hyper-keratosis etc occur. The last stage shows malignant neoplasm, gangrene in the limbs etc. The toxicity of arsenic depends on the concentration (maximum permissible limit is 0.05 mg / l) in water as well as the type of arsenic compound present in water. In order of decreasing toxicity these compounds are arsenite, arsenate, methylarsenic acid and dimethylarsenic acid. Arsenite is four time more toxic than arsenate. The source of Arsenic is geological. Arsenic is present in alluvial sediments of the delta. The mechanism and cause of leaching Arsenic has not been firmly established. The theories of oxidation, reduction and carbon reduction have been suggested.

SWID study has identified 81 blocks as arsenic affected ( concentration > 0.05mg/l ).

These blocks are: 

24-Parganas ( North): Habra-I, Habra-II, Barasat I, Barasat II, Amdanga, Deganga, Rajarhat, Bagdah, Bongaon, Gaighata, Baduria, Haroa, Minakhan, Swarupnagar, Hasnabad, Sandeshkhali II, Basirhat I, Basirhat II, Barrackpore I, Barackpore II

24-Parganas ( South):  Baruipur, Bhangar I, Bhangar II, Bishnupur I, Bishunupur II, Sonarpur, Budge Budge II, Jaynagar I, Basanti, Mograhat II

Nadia : Chakdah, Chapra, Hanskhali, Haringhata, Kaligung, Karimpur I, Karimpur II,, Krishnaganj, Krishnanagar I, Krishnanagar II, Nabadwip, Nakashipara, Ranaghat-I, Ranaghat II, Santipur, Tehatta –I, Tehatta-II,

Murshidabad: Beldanga I, Beldanga II, Nawda, Hariharpara, Domkal, Bahrampur, Jalangi, Jiaganj, Raninagar I, Raninagar II, Lalgola, Samsergang, Bhagawangola I, Bhagawangola II, Farakka, Suti I, Suti II, Raghunathgunge II

Maldah: Manickchak, Englishbazar, Kaliachak I, Kaliachak II, Kaliachak III, Ratua I, , Ratua II

 Howrah: Shyampur II, Uluberia II, Balijagchha 

Barddhaman: Purbasthaali I, Purbasthali II, Katwa I, Katwa II, Kalna II

Hoogly  Balagarh

School of Environmental Studies of Jadavpur University have published their report on Arsenic contamination in ground water of West Bengal. Based on Arsenic concentrations found in the 19 districts of West Bengal, It has been assessed that the total area in 9 severely affected districts cover an area of 38861 sq km having a population of 80.4 million.

They have classified the districts into three categories namely severally affected, mildly affected and arsenic safe. Districts where more than 300µg/L arsenic concentrations were found have been categorised as severally affected; districts where arsenic concentrations were mostly below 50µg/L (only a few above 50µg/L and none above 100 µg/L were categorised as mildly affected and where all the recorded concentration was below 10µg/L the districts were categorised as arsenic safe. The categorisation of districts as on December 2005 stood as below:

· Severely affected districts: Malda, Murshidabad. Nadia, North 24-parganas, South 24-Parganas, Barddhaman, Howrah , Hugli and Kolkata

· Mildly affected districts: Kochbehar, Jalpaiguri, Darjeeling , North Dinajpur and South Dinajpur

· Arsenic safe : Bakura, Birbhum, Puruliya, East and West Medinipur 

The Table below summarises the arsenic contamination of ground water in 8 severely affected districts. Kolkata not being a part of the project has been excluded.

Table – 3.8.1(i)

Status of arsenic contamination in 8 severally affected districts

	Sl. No.
	District
	No. of Blocks
	No. of blocks  As-affected
	% of samples > 10µg/L
	% of samples > 50µg/L
	No. of blocks mildly affected
	No. of blocks severely affected 

	1
	Murshidabad
	26
	26
	53.8
	26.7
	7
	19

	2
	North 24- Pgs
	22
	22
	53.4
	29.5
	5
	17

	3
	Nadia
	17
	17
	51.2
	17.2
	5
	12

	4
	South 24-Pgs
	26
	17
	42.0
	28.3
	9
	8

	5
	Malda
	15
	14
	52.2
	34.6
	8
	6

	6
	Howrah
	15
	12
	24.2
	11.1
	9
	3

	7
	Barddhaman
	32
	22
	17.6
	8.4
	20
	2

	8
	Hoogly
	18
	17
	17.9
	6.6
	16
	1

	
	Total
	171
	147
	
	
	79
	68


Source: Report of School of Environmental Sciences, Jadavpur University

# Blocks where more than 10% samples showed contamination more than 50µg/l

The details of 68 severely affected blocks are furnished below.

· Hoogly : Balagarh

· Barddhaman : Purbasthali I and Purbasthali II

· Howrah: Bagnan I , Bally-Jagachha , Uluberia II

· Maldah : Englishbazar, Kaliachak I , Kaliachak II,  Kaliachak III, Manikchak , Ratua II

· Nadia : Chakdah , Chapra , Haringhata , Kaligang , Karimpur I , Karimpur II , Nabadwip, Nakashipara , Ranaghat II , Santipur , Tehatta I , Tehatta II

· North 24-Parganas: Amdanga , Baduria , Bagdah, Bongaon , Barasat I, Barasat II , Deganga, Gaighata, Habra I, Habra II, Hasnabad, Haroa, Rajarhat, Swarupnagar, Barrackpore I, Basirhat I, Basirhat II

· Murshidabad : Behrampur , Beldanga I, Beldanga II , Bhagawangola I, Bhagwangola II, Domkal , Farakka , Hariharpara , Jalangi , Jiagang , Lalgola , Nawda, Raghunathgang I , Raghunathgang II, Raninagar I, Raninagar II, Samshergang, Suti I, Suti II

· 24-Parganas ( South): Baruipur, Bhangar I, Bhangar II, Bishnupur I, Canning II, Jaynagar I, Mograhat II, Sonarpur

Graphical representation of arsenic contamination in different blocks of these eight districts is provided in Annexure – VI.
3.8.2   
Problem of arsenic contamination of soil and   food crops

In a recent study conducted by the Department of Environmental Science by Kalyani University I five blocks of Nadia, it has been established that the upper soil in the study area got contaminated with arsenic  due to continuous irrigation by arsenic contaminated ground water. The paddy soil gets contaminated from ground water thus enhancing bio-accumulation of arsenic in rice plants cultivated with contaminated groundwater and soil. In the study area irrigation water had average concentration of 0.53mg/l during pre-monsoon and during post-monsoon this average dipped down to 0.32 to 0.49mg/l.The average arsenic concentration in the agriculture field was observed between 4.578 to 9.720mg /kg during pre-monsoon while in the post-monsoon season it was found to vary between3.233 to 9.131mg/kg.

 This study in the five Blocks of Nadia district concluded that arsenic concentration in irrigation water in many places was above the WHO permissible limit of 0.01mg/l but arsenic concentration in agricultural field was below 20.0mg/kg – the maximum acceptable limit for agriculture soil as recommended by the EC. 

The results obtained from the study clearly show that arsenic is bio-accumulated in various parts of the rice plant. Concentrations of arsenic in the various parts of rice plant have been observed to vary between ranges: straw- 0.45 to 2.88mg/kg dry weight of As, husk: 0.27 to 1.34mg/kg dry weight of As, and grain: 0.03 to0.73mg /kg dry weight of As.  Concentration of Arsenic in the grain part did not exceed 1.0mg/kg dry weight of Arsenic food hygienic concentration limit by WHO. 

World  Water Council while dealing with the problem of arsenic contamination of groundwater observed ‘ Less well understood but potentially more serious to food security is the rise of arsenic accumulated in soils irrigated with arsenic-laden water, thus exposing food crops to potential high arsenic uptake.

The map placed below reflects the ground water arsenic status in different agro-climatic regions of West Bengal.

[image: image5.jpg]Arsenic affected districts
Bhutan

1. Maldah
2. Murshidabad
3. Nadia ¥
4. North 24-parganas D BL
5. South 24-parganas b e
6. Bardhaman LIACHAK |
7. Howrah @ JACHAK Ii
8. Hugli 8 {42) KALIACHAK I
AFFECTED BLOCKS %2} ENGLISHBAZAR
9. Kolkata AFFEC S {5 MANIKCHAK
MURSHIDABAD
(1) BAHARAMPUR  SOUTH 24 PARGANAS
{2) BHAGABANGOLA | {45) BARUIPUR
3) BHAGAWANGOLA Il {46} SONARPUR
{4) BELDANGAI {47) JOYNAGAR {
(3) BELDANGAIl {48) MOGRAHAT If
5 B suTl {49) BHANGOR |
.ME >50 g/l = (g RANINAGAR | ig?;g@ggggg‘ev
: o W ¢ SN BLmcE sUBSE
. 5/ {9) RANINAGAR I (52) BISHNUPUR |
[BAssenic 10-50 18/ L Bangladesh (19 DovkAL (53) BISHNUPUR 11
. . 3'40“6 \ 3 {11} JALANG! {54) CANNING 1
Arsenic & ) 21% HARIHARPARA  {55) CANNING I
ic <3ng/L AWDA
B Arseric <3 g/l {14) RAGHUNATHGANJ |
- {13) RAGHUNATHGANJ I (56) CHAKDAHA
i, River {18) A {57) SHANTIPUR
{17)MURSHIDABAD  {58) NABADWIP
) {JaganiLsibag) (59) TEHATTA |
{18) LALGOLA 60} TEHATTA f1
{19) SHAMSHERGANJ (61} HARINGHATA
{62) KALIGANJ
(83) KARIMPUR |
{64) KARIMPUR 1L
(65) HANSKHAL!
foimer S
\
Aog g 20 SWARUPNAGAR  {68) CHAPRA
HABRA | {69) KRISHNANAGAR |
{70) KRISHNANAGAR 1l
1) RANAGHAT 1
%} gzmsm " sz% KRISHNAGANJ
) BASIRHAT |
{30} HASNABAD BARDDHAMAN
{31) BANGAON (73) PURBASTHAU |
(333 BAGDAH (74) PURBASTHAL i
{ RACKPUR |
(34) RAJARHAT HADRA
(75) BALLY-JAGACHA
{76) ULUBERIA i
HUGLI
{77) BALAGARH
\ KOLKATA
\ (78] SOUTH KOLKATA

BAY GF BENGAL(

iGroundwater Arsenic status in West Bengal

(Source: Rahman, 2003)




3.8.3    Fluoride Contamination

Fluorosis is a deadly disease affecting millions of people across the world. Fluorosis caused by drinking F rich water is endemic in 20 states of India affecting more than 65 million people including 6 million children (UNICEF 1999). The amount of F occurring naturally in groundwater is governed principally by climate, composition of the host rock, and hydrogeology. In Indian continent the higher concentration of F in groundwater is associated with igneous and metamorphic rocks. Some anthropogenic activities such as use of phosphatic fertilizers, pesticides and sewage and sludges, depletion of groundwater table etc., for agriculture have also been indicated to cause an increase in F concentration in groundwater. According to WHO (2006) the permissible limit for F in drinking water is 1.5 μg mL−1.

Physiologically, fluoride is a potent enzyme inhibitor (comparable to lead and to cyanide ion) that accumulates in bones and teeth and is readily transported to sensitive soft tissues. Mottled enamel or dental fluorosis, which results from disturbance of the enamel forming cells by fluoride during the period of tooth formation, is one of the first signs of general chronic fluoride poisoning.

Persons in poor health and those who have allergy, asthma, kidney disease, diabetes, gastric ulcer, low thyroid function, and deficient nutrition are especially susceptible to the toxic effects of fluoride in drinking water.

The Habitation Survey 2003 conducted by WBPHED reveals the occurrence of fluoride in ground water beyond 1.50 mg/l in 46 Blocks in 8 districts is in a rather sporadic manner than following a definite pattern.

The data obtained from SWID indicate that fluoride has been reported in 49 blocks in six districts of Bankura, Birbhum, Purulia, Maldah, Dakshin Dinajpur and Uttar Dinajpur.  Purulia shows contamination range of 1.01-3.38 mg/l , Dakshin Dinajpur has a low of 1.0mg/l and a high of 5.03mg/l. Maldah and Uttar Dinajpur the contamination level is rather low varying between 1.06 and 1.52mg/l.. The details of affected blocks are as below:

· Birbhum:  Nalhati I, Murarai I, Rampurhat I, MD. Bazar , Dubrajpur , Rajnagar, Suri I, Suri II, Khairasole

· Bankura : Bankura I, Chhatna, Saltora, Mejhia, Gangajalghati, Barjora, Ranibundh, Taldangra, Simplapal, Bishnupur, Sonamukhi, Patrasayer

· Purulia : Arsha, Barabazar, Bandwan, Hura, Jhalda I, Jhalda II, Kashipur, Manbazar I, Neturi, Para, Purulia I, Purulia II, Raghunathpur I , Raghunathpur II and Santuri

· Maldah : Bamangola , Englishbazar, Habibpur, Ratua I 

· Dakshin Dinajpur : Balurghat, Bansihari, Gangarampur, Tapan, Kumarganj, Kushmandi, Harirampur

· Uttar Dinajpur : Itahar

· South 24-Parganas: Sonarpur

3.8.4    Fluoride accumulation in crops

A study by A. Anusyua and others of National Institute of Nutrition, Indian Council of Medical Research on concentration of fluoride in some food crops brought out higher levels of concentration on crops grown in fluorotic areas. Samples of rice (Oryza sativa,), sorghum (Sorghum vulgare), and bajra (Pennisetum typhoideum) were collected from normal and endemic fluorotic areas located in the state of Andhra Pradesh, India  Samples of rice and sorghum grown and consumed in the fluorotic area had significantly higher  concentration of fluoride than those collected from the normal area. The values were 0.4 ± 0.32 in rice and 0.4 + 0.16 in sorghum from the fluorotic area and 0.16 ± 0.05 in rice and 0.15 ± 0.04 in sorghum from the normal area.

In a study undertaken by Khandare and others of  the National Institute of Nutrition(ICMR) the uptake of fluoride by leafy vegetables like amaranth  spinach, cabbage, tomato and lady’s finger grown using irrigation water with 10 ppm F has been confirmed .The study showed that fluoride levels was higher in edible parts of all vegetables compared to controls irrigated with 0.3ppm F. Fluoride contents ( mg/kg dry weight )with tap water and fluoridated water were 0.71 vs 1.70 for spinach, 3.88 vs20.29 for  amaranth, 0.12 vs 0.17 for cabbage, 0.14 vs 0.43 for lady’s finger and 0.12 vs 0.2 for tomato.

S.S Randhawa (Current Science, Vol.78, No.7) has observed that prolonged exposure of dairy animals to toxic levels of fluoride (> 1mg/l) in drinking water resulted in anemia, hepatic, kidney and bone disorders.

Status of Fluoride contamination has been reflected in Annexures IV and V.

The map reproduced below shows fluoride contaminated areas of West Bengal.

 


3.8.5 
Salinity

The sea coast in the state stretches from Digha in the Midnapur district in the east to the outfall of River Raimangal in the 24- Parganas district in the east. The whole of this coastal region is affected by the problem of salinity to varying extent. Besides, a strip along the bank of Hoogly in Howrah district covering parts of Bagnan I & II Shyampur I, Shyampur II, Uluberia I & II, Panchala, Sankrail and Balijagacha Blocks, have shown a marked presence of saline water. Random sampling of water from existing wells in the area have indicated presence of saline water almost parallel to the bank of Hoogly stretching from South West to North East. On a broader estimate, about 1/3rd of the Howrah district is covered by this strip. 

The coastal region can be divided into two distinct parts according to the geographical and topographical nature viz. (i) South 24 Parganas District which form part of the huge Gangetic delta, lies to the east of River Hooghly and is covered by dense brushwood forest; (ii) South Midnapur which lies to the west of river Hooghly and has been found mainly from the silt carried by rivers; Rupnarayan, Cossye and Subranarekha. In South 24 Parganas district, the area on the south of 'Dampier Hodges' line is highly saline and is generally known as "Sundarban". The Sundarbans are criss- crossed by numerous tidal creeks of varying widths and depths and comprises mainly of islands, some of which are covered by forests. But the rest of the area is reclaimed by putting marginal embankments and drainage sluices and is cultivated. The general topography of the land is, flat and consists mainly of a series of saucer shaped basins. Unlike the Sundarban, the South Midnapur area is attached to the main land but here also the general topography of the land is flat and there are also a number of saucer shaped basins in this area. It is estimated that 16 Blocks of south eastern part of Medinipur district covering a total area of 2500 sq. km poses salinity problems. Similarly 7360 sq. km. of 24- Parganas (south) and part of 24-Parganas (north) comprising of 34 blocks are found to be affected with salinity problems. On this basis, approximately 53% of 24 Parganas District both North and South and15% of present Purba Medinipur district may be classified as saline areas The entire saline belt lies in the active deltaic plains of the Ganga where in the aquifers occur under confined condition. The fine sands are the main constituents of these multiple aquifers. From the available information, indication of occurrence of fresh aquifers in limited scale of depth has been observed.

3.9 
Wildlife and Biodiversity

According to classification of Rodgers and Pawar (1992), there are four bio-geographical zones in the state. These are as follows:

· 2C- Central Himalayas: Darjiliing district

· 6D- Chhotonagpur Plains of Deccan peninsula: Purulia and part of Bankura district

· 7B- Lower Gangetic Plains: Jalpaiguri, Koch Behar, Uttar Dinajpur, Dakshin Dinajpur, Maldah Murshidabad,, Nadia, North 24-Parganas, South 24- Parganas (part), Barddhaman, Birbhum, Purba Medinipur, Paschim Medinipur, and part of Bankura district.

· 8B- Coastal Littoral Forests; North and South 24-Parganas 

3.9.1  
Forest Types

Out of a total geographical area of 88,752 sq. km., 11879 sq. km is the recorded forest area accounting for 13.4% of the total geographical area. According to Champion and Seth’s classification, the state has eight forest types. The forest types, region-wise distribution and their extent are furnished in the table 3.8.1(i):

Table – 3.9.1(i)

	Group
	Name
	Location
	Area in sq. km.

	1B
	Northern Tropical Wet Evergreen Forests
	North Bengal Plains upto 150m
	167.0

	2B
	Northern Subtropical Semievergreen Forests
	North Bengal Plains from151mto 300m
	25.0

	3C
	North Indian Moist Deciduous Forest
	North Bengal Plains up to 150m
	1757.0

	4B
	Littoral swamp Forests-Mangroves
	Estuarine South Bengal
	4263.0

	4D
	Littoral and Swamp forests- Tropical seasonal Swamps
	Maldah  and Dakshin Dinajpur districts
	20.0

	5B
	Northern Tropical Dry Deciduous Forest
	South Western Bengal
	4527.0

	8B
	Northern Subtropical Broad-leaved Wet Hill Forest
	North Bengal Hills from 301m to 1650m
	800.0

	11B
	Northern Montane Wet Temperate Forest
	North Bengal Hills from 1651 to 3000m
	150.0

	12C
	 East Himalayan Moist Temperate Forest
	North Bengal Hills
	150.0

	14C
	Sub-Alpine Forest
	North Bengal Hills from 3001m 3700m
	20.0


Distribution of forest areas has been shown in the map placed below: 
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3.9.2
 Wildlife Protected Area Network

The protected area network in the state is well laid out covering different bio-geographic regions of the State. Currently there are 5 National Parks, 15 Wildlife Sanctuaries, and 2 Tiger Reserves (overlapping with NPs and WLS).

Table – 3.9.2(i)

Protected Area Network of the State

	Sl. No.
	Protected area
	Area in sq. km.
	Bio-geographic zone
	Districts

	i.
National Parks

	1.

2.

3.

4.

5.
	Singhalila NP

Neora Valley NP

Buxa NP  

Gorumara NP  

Sunderban NP               
	78.60

88.00

117.10

79.45

1330.10
	2C

2C

7B

7B

8B
	Darjiling

Darjiling

Jalpaiguri

Jalpaiguri

South 24-Parganas

	ii.
Wildlife Sanctuaries

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
	Jorepokhri WLS

Senchal WLS

Mahananda WLS

Chapramari WLS

Jaldapara WLS

Raiganj WLS

Bethuadohri WLS

Ballavpur WLS

Ramnabagan WLS

Bibhutibhusan WLS

 WLSNarendrapur WLS

Sajnekhali WLS

Halliday Island WLS

Lothian Isand WLS

Buxa WLS
	0.04

38.88

158.04

9.60

216.51

1.30

0.668

2.021

0.14

0.64

0.10

362.40

5.95

38.0

368.99
	2C

2C

7B

7B

7B

7B

7B

7B

7B

8B

8B

8B

8B

8B

7B
	Darjiling

Darjiling

Darjiling

Jalpaiguri

Jalpaiguri

UttarDinajpur

Nadia

Birbhum

Barddhaman

N24-Parganas

S 24-Parganas

S 24-Parganas

S 24-Parganas

S 24-Parganas

Jalpaiguri

	iii.
Tiger Reserves

	1.

2.
	Buxa Tiger Reserve

Sunderban Tiger Reserve
	760.87

2585.00
	7B

8B
	Jalpaiguri

S 24-Parganas

	iv.
Biosphere Reserves 

	1.
	Sundarban Bio-sphere Reserve
	9630.00
	8B
	N 24 Parganas

S 24-Parganas


3.10 
Wetlands

In West Bengal there are about 54 natural and 9 manmade wetlands which are more than 100ha in extent. In addition to these there are large numbers of tanks, ponds, puddles and a variety of small water bodies. The first two categories combine to cover an area of about 3,44,527 ha which is about 8.5% of the total wetlands in India.

According to physiography and hydrology the wetlands of the state can be divided into four regions:

· Wetlands of the Gangetic alluvial plains

· Coastal islands

· Wetlands of the semi arid regions

· Wetlands of North Bengal

The only Ramsar Wetland is known as the East Kolkata wetland.This has an extent of 12500 ha and is located in the eastern part of north and South 24- Parganas. National Lake Conservation Program has identified Ahiron Beel, Rasik Beel under the program. 

3.10.1
Wetlands of the Gangetic Alluvial Plans

Waterbodies in this region can be divided into four types on the basis of physico-chemical parameters viz. oligotropic, mesotropic, eutrophic and brackish. These wetlands include transboundary wetlands like Bhutnir Char, Bhalia Beel, in the district of Malda, temporary cyclical wetlands like the Borti beel of North 24-Parganas, wetlands of Nadia, Murshidabad, 24-Parganas (S), Howrah, Hoogly and Barddhaman district.

3.10.2 Coastal Islands

Coastal islands of West Bengal are mostly saline in nature. These are mostly confined within the districts of 24-Parganas (S) and Purba Medinipur. Active deltas in the coastal region form the World’s largest mangrove region – the Sunderbans, an area of significant biological diversity.

3.10.3 Wetlands of the Rarh region

Most of the water bodies of this region are of manmade perennial reservoir type. All these water bodies are rainfed and remain saturated during monsoon to winter months. These generally dry up in summer. These ancient or perennial reservoirs stand on old alluvial or laterite alkaline soil with occasional coarse sand or gravel being located at about 50 to 100m above mean sea level.

3.10.4 Wetlands of Northern Bengal

Water bodies of the Terai and Duars region are distinctly different in their hydrology and physiography.  Waterbodies of the hilly region include hilly streams (jhoras) rivers and a few perennial lakes and reservoirs mainly distributed in Darjeeling. The Terai region has mainly marshes, backwater wetlands and several other manmade ponds, ditches, lakes distributed in Jalpaiguri, Coochbehar, Uttar and Dakshin Dinajpur districts.

3.10.5 
Spatial distribution of wetland types

Of all the type of wetlands in the districts of West Bengal water-logged type of wetland (WSL) is the most abundant occupying an area of 20956.0 ha in Malda. Lakes/ponds occupy 8069 ha in Murshidabad Dist., while swamps in Uttar/Dakshin Dinajpur cover 5477.0 ha. Cut-off meander type of wetlands (COM) and ox-bow lakes (OL) occupy 6543.0 ha. Inland man-made wetlands (IMMW) have a spread of15012.0 ha in Puruliya whereas Barddhaman has tanks covering an expanse of1789.0 ha. Ashpond/cooling ponds occupy an area of 667.0 ha in Murshidabad Dist. Abandoned quarries (AQ) in Barddhaman cover an area of 415.0ha

Wetlands having areas more than 10ha are many and their district wise distribution is furnished in Annexure- VII. 

3.10.6 
Floral bio-diversity

Floral biodiversity is undoubtedly the most impressive in the Terai, Dooars and Darjeeling Himalyan region of the Northern Bengal. The mangrove forest of the Sunderbans is also particularly rich in species diversity of true mangroves and associate mangroves. The eastern Himalayan vegetation is characterized by abundance of Rhododendrons,Orchids, Ferns, Bryophytes, Lichens etc. a large variety of tree species of genera like  Michelia, Acer, Quercus, Magnolia, Machilus, Castanopsis etc occur in the higher hills of Darjeeling.  Gymnosperms are principally represented by species of Abies, Tsuga and Taxus. Lower and middle hills host a variety of species   belonging to genera like Terminalia, Schima, Shorea, Gmelina, Populus, Lagerstroemia, Eugenia, Bucklandia, Chukrassia etc.

The Southern Deltaic Part of West Bengal represents a Distinctive Floristic Combination of 70 species n the Sunderbans. Of these 35 are true mangroves, 28 are associate mangroves and 7 are obligate mangroves. Such a combination outnumbers the taxa in other mangrove ecosystems of India. Predominant species are Avicennia officinalis, Excoecaria agalocha, Bruguiera aeviflora, Rhizophora mucronata and Zylocarpus granatum.

Five distinct types of grasslands are found in India of which three are represented in West Bengal viz _Pharagmites- Saccharum-Imperata type, Themeda-Arundinella type and Temperate- Alpine type.

The table below depicts species richness in different taxa as compared to their occurrence in India.

Table – 3.10.6(i)
	Taxa
	No of species
	% West Bengal to India

	
	West Bengal
	India
	

	Bacteria
	NA
	850
	

	Virus
	NA
	Not known
	

	Algae(fresh water )
	490
	6500
	7.54

	Fungi
	860
	14500
	5.93

	Lichens
	600
	2000
	30

	Bryophytes
	550
	2850
	19.29

	Pteridophytes
	450
	1100
	40.91

	Gymnosperms
	15
	64
	23.43

	Angiosperms
	3580
	17500
	20.45


3.10.7 
Faunal diversity

The State occupying only 2.7% of the total area of India has about 29% of the vertebrate fauna of the country. This eloquently speaks of the species richness in this sector. As far as invertebrates are concerned, the state fauna represent % 0f the fauna of the country. The faunal diversity appears to be highest in Darjeeling Himalayan region. In case of species of mammals more than 50% of the species recorded in India could be located in Darjeeling district. On the other hand the faunal diversity in the Sunderbans is more specific.

The table below brings out the level of occurrence of faunal species in the state as compared to India.

Table – 3.10.7(i) Fauna in West Bengal vis-à-vis India
	Sl. No.
	Group
	Number of species

	
	
	West Bengal
	India
	% West Bengal to India

	1
	Protozoa
	971
	2577
	38

	2
	Porifera
	160
	519
	31

	3
	Rotifera
	148
	330
	45

	4
	Sipuncula
	3
	38
	8

	5
	Echiura
	3
	43
	7

	6
	Annelida
	179
	1093
	16.3

	7
	Arthropoda
	

	
	Crustacea
	92
	270
	3

	
	Insecta
	4030
	59353
	7

	
	Xiphosura
	2
	2
	100

	
	Arachnida
	679
	5818
	12

	
	Scorphnoida
	14
	102
	14

	
	Acari
	419
	1915
	22

	
	Arnae
	213
	1250
	17

	8
	Mollusca
	360
	5070
	7

	9
	Bryozoa
	9
	200
	4

	10
	Heichrdata
	1
	12
	8

	Total Invertebrate
	7283
	81292
	9

	11
	Fish
	574
	2546
	23

	12
	Amphibia
	39
	209
	19

	13
	Reptilia
	139
	485
	28

	14
	Aves
	497
	1232
	40

	15
	Mammal
	176
	390
	45

	Total Vertebrates 
	1425
	4862
	29

	Grand Total
	8708
	96154
	10


3.11 
Sacred Groves

Conservation is often a side effect of customs or tradition that associates or dedicates forest resources to the deities. Sacred groves are such means of biodiversity conservation, which serve as an important reservoir of local biodiversity preserving several species of plants, insects and animals. Increasing attention is being paid to their potential as a tool and model for biodiversity as they are the storehouse of genetic diversity too. In one sense these groves are the ancient sanctuaries where living creatures are given protection by a deity.

In West Bengal several districts of South and North Bengal house such groves which are declining fast under the anthropogenic pressure and continuing encroachment on land. In the tribal belts of Puruliya and Paschim Medinipur such traditions are still going on.

Sacred Groves are more abundant in forested districts where the forest tract is interspersed with human settlements. Fragments of earlier forest vegetation are likely to have survived as SGs in these forest bearing districts. The candidate districts with significant forest cover in West Bengal are Bankura, West Medinipur, Puruliya and Darjeeling. There is consistent evidence that the abundance of sacred groves is high in the southwestern districts (Deb and Malhotra 1997, 2001), but low in Darjeeling district .In the alluvial non-forest districts lying on both sides of the Ganga, SGs are conspicuously scarce. This seems to relate to the past expansion of settled agriculture, which erased all riparian forest habitats, and also to the industrial growth that intensified on the banks of the river since the 1930s. The abundance of distribution of sacred groves is reflected in the following table.

Table 3.11 (i) Abundance of distribution of sacred groves in districts

	Districts
	Abundance of Sacred Groves

	
	High
	Moderately high
	Low
	Very low
	Nil

	Darjeeling
	
	
	      √
	
	

	Coochbehar
	
	
	      √
	
	

	Jalpaiguri
	
	      √
	
	
	

	Uttar Dinajpur
	
	
	
	      √
	

	Dakshin Dinajpur
	
	
	
	      √
	

	Maldah
	
	
	
	
	      √

	Murshidabad
	
	
	
	      √
	

	Bankura
	      √
	
	
	
	

	Birbhum
	      √
	
	
	
	

	Barddhaman *
	
	
	
	
	

	Nadia *
	
	
	
	
	

	Howrah
	
	
	
	      √
	


	Hoogly
	
	
	
	      √
	

	Purulia
	      √
	
	
	
	

	Purba Medinipur
	
	      √
	
	
	

	Paschim Medinipur
	      √
	
	
	
	

	North 24-Parganas
	
	
	
	
	      √

	South  24-Parganas
	
	
	
	      √
	


 It has been estimated that there are more than 670 sacred groves in West Bengal Such sacred groves are known locally as Garamthan, Harithan, Jahera, Savitrithan and Sitabalathan etc.

In study by Debal Dev et al, it has been established that there are large numbers of sacred groves in se blocks of Purulia and Bankura districts. The numbers of sacred grove and tree diversity in these blocks are as follows:

Table – 3.11(ii)

Sacred groves in some blocks of three districts

	Sl. No.
	District
	Block
	No. of sacred groves
	Tree Diversity

	1
	Bankura
	Bishnupur
	267
	73

	2
	Birbhum
	Mayureswar II
	103
	56

	3
	Purulia
	Neturia
	99
	58

	4
	Purulia
	Santuri
	72
	55


3.12 
Archaeological monuments and historical sites

Some districts in West Bengal are rich in archaeological and historical sites. These districts are Bankura, Murshidabad, Malda, Medinipur, and Hoogly. Each of such monument or site has a declared protected zone around the site or a group of sites. It will therefore be necessary to avoid encroachment into such protected zones during execution of subprojects. The list of protected sites in each of the district is produced in the table 3.11(i):

 Table 3.12(i)

      Archaeological monuments/historical sites in West Bengal

	Sl. No
	Monument/ Sites
	Location
	District

	1
	Chandraketu’s Fort
	Berachampa
	24-Pgs(North)

	2
	Barah Mihirer Dhipi
	Deulia & Kaukipar
	24-Pgs(North)

	3
	Barakothi- Clive’s House
	Dumdum
	24-Pgs(North

	4
	26 Siva Temples
	Barrackpore- Khardah
	24-Pgs(North

	5
	Warren Hasting’s House
	Barasat
	24-Pgs(North

	6
	Jhater Deul temple
	Jhata
	24- Pgs (South)

	7
	Ancient Temple
	Bahulara
	Bankura

	8
	Dalmadal Gun
	Bishunupur
	Bankura

	9
	Gate of Old Fort
	Bishnupur
	Bankura

	10
	Jore Mandir
	Bishnupur
	Bankura

	11
	Jore Bangla Temple
	Bishnupur
	Bankura

	12 
	Kalachand Temple
	Bishnupur
	Bankura

	13 
	Lalji Temple
	Bishnupur
	Bankura

	14
	Madan Gopal Temple
	Bishnupur
	Bankura

	15
	Malleswar Temple
	Bishnupur
	Bankura

	16
	Murali Mohan Temple
	Bishnupur
	Bankura

	17 
	Nandlal Temple
	Bishnupur
	Bankura

	18
	Patpur Temple
	Bishnupur
	Bankura

	19
	Radha Binod Temple
	Bishnupur
	Bankura

	20 
	Radha gobinda Temple
	Bishnupur
	Bankura

	22
	Radha Madhav Temple
	Bishnupur
	Bankura

	23 
	Radha Shyam Temple
	Bishnupur
	Bankura

	24
	Rasmancha
	Bishnupur
	Bankura

	25 
	Shyam Rai Temple
	Bishnupur
	Bankura

	26
	Small satewy fort
	Bishnupur
	Bankura

	27
	Stone chariot
	Bishnupur 
	Bankura

	28
	Saileswr Temple
	Dihar
	Bankura

	29
	Sareswr Temple
	Dihar
	Bankura

	30 
	Radha Damodar Jew Temple
	Ghatgoria
	Bankura

	31
	Gokulchand Temple
	Gokulnagar
	Bankura

	32
	Ratneswr Temple
	Jagannathpur
	Bankura

	33
	Shyam Sunder Temple
	Madanpur
	Bankura

	34
	Mound and statue of Surya
	Paresnath
	Bankura

	35
	Mound with a Jain Statue
	Pareshnath
	Bankura

	36 
	Durga image slaying Mahisasura
	Saregarh
	Bankura

	37
	Mound of a temple site
	Saregarh
	Bankura

	38
	 Mound with Statues of Ganesha and Nandi
	Saregarh
	Bankura

	39
	Mound with an image of Nandi
	Saregarh
	Bankura

	40
	Chandra Varman Rock Inscription
	Susunia Hill
	Bankura

	41
	 Joydev Temple
	Joydev-Kenduli
	Birbhum

	42
	Dhamraj Temple
	Kubilashpur
	Birbhum

	43
	Two Mounds
	Bhadreshwar
	Birbhum

	44
	Basuli and 14 other temples 
	Nannor
	Birbhum

	45
	Damodar temple and Rasmancha
	Suri
	Birbhum

	46
	Two ancient Temples
	Baidyapur
	 Barddhaman

	47
	Rudreswar temple
	Bamunara
	Barddhaman

	48
	Four Ancient Temples
	Begunia
	Barddhaman

	49
	Tombs of Sher Afghan, Baharam Sakka andNawab Qtabuddin
	Barddhaman
	Barddhaman

	50
	Stone Temple
	Garui
	Barddhaman

	51
	Ichai Ghosh Temple
	Gouangpur
	Barddhaman

	52
	Ancient site
	Nadfhia
	Barddhaman

	53
	Sat Deul Jain Temple
	Deulia
	Barddhaman

	54
	Group of 12 Temples
	Kalna
	Barddhaman

	55.
	Pandu Rajar Dhipi
	Pandu
	Barddhaman

	56
	Ancient Mound
	Bharatpur
	Barddhaman

	57
	 Coochbeher Palace
	Cooch Behar
	Cooch Behar

	58
	Rajpath site
	Khalsa Gossanimari
	Cooch Behar

	59
	 Tomb of Alexander Cosma
	Darjeeling
	Darjeeling

	60
	Tomb of Gen. Llyod
	Darjeeling
	 Darjeeling

	61
	Darga of Shah Ata
	Gangarampur
	South Dinajpur

	62
	Mounds
	Gangarampur
	South Dinajpur

	63
	 Haneswari and Vasudev Temple
	Bansberia
	Hoogly

	64
	 Dutch Cemetary and associated tombs 
	Chinsurah
	Hoogly

	65
	 Susan Maria monument
	Chinsurah
	Hoogly

	66
	Brindaban Chandra’s Math
	Guptipara
	Hoogly

	67
	Mounds
	Mahanad
	Hoogly

	68
	Minar
	Pandua
	Hoogly

	69
	Mosque
	Pandua
	Hoogly

	70
	Mosque and Tomb
	Satgaon
	Hoogly

	71
	 Danish cemetery and all associated structures
	Serampore
	Hoogly

	72
	Dargah of Jafar Khan Ghazi
	Triveni
	Hoogly

	73
	Dupleix Palace
	Chandan Nagore
	Hoogly

	74
	Sri Mayer Ghat
	Howrah
	 Howrah

	75
	Adina Mosque
	Pandua 
	Malda

	76
	Adina Mosque, Baisgazi Wall, Baraduary Maszid, Chand sadagar Bhita, Chamkati Masjid, Chika Maszid, Dakhil Darwaza, Firoj Minar,Gumti Gateway, Gunmant Mosque, Kotwali Darwaza, Lottan Moszid, Lukachuri Gateway, Qudam Rasul Mosque,, Fateh Khan Tomb, Tantipara Maszid, Two Tombs of Tantipara moszid, Two Stone Pillars
	Gaur
	Malda

	77
	Tower
	Nimasarai
	Malda

	78
	 Eklakhi Mausoleum
	Pandua
	Malda

	79
	 Qatab Shahi Masjid
	Pandua
	Malda

	80
	Dharamraj Temple
	Pathra
	Medinipur

	81
	Bandopadhaya Family Temples
	Pathra
	Medinipur

	82
	Sitala Temples
	Pathra
	Medinipur

	83
	 Navratna Temple Complex
	Pathra
	 Medinipur

	84
	 Kurambera Fort
	Gaganeswar
	Medinipur

	85
	John Pierce Tomb
	Medinipur
	Medinipur

	86
	Azimunnisha Begum Tomb
	Azimnagar
	Murshidabad

	87
	Station burial ground
	Babulbona
	Murshidabad

	88
	Bhavaniswar Mandir
	Baranagar
	Murshidabad

	89
	Four Siva Mandirs
	Baranagar
	Murshidabad

	90
	Mir Madan tomb
	Faridpur
	Murshidabad

	91
	Dutch Cemetery
	Kalikapur
	Murshidabad

	92
	Old English Cemetery
	Kashim Bazar
	Murshidabad

	93
	Mosque
	Kheraul
	Murshidabad

	94
	Alivardi Khan and Serajududllah Tombs
	Khosbagh
	Murshidabad

	95
	Barkona Deul Mound
	Panchthupi
	Murshidabad

	97
	Raja Karna’s Palace and Devil’s Mound
	Rangamati
	Murshidabad

	98
	Sujauddin Tomb
	Roshnibag
	Murshidabad

	99
	Murshid Kuli Khan Tomb
	Sabzkatra
	Murshidabad

	100
	Jahan Kosa Gun
	Topkhana
	Murshidabad

	101
	Hazarduari Palace & Imambara
	Killa Nizamat
	Murshidabad

	102
	South Gate, Kella Nizamat,, Imambera, Kella Nizamat,White Mosque, Kella Nezamat, Yellow Mosque, Kella Nezamat, tripoli Gate , Kella Nizamat
	Lalbagh
	Murshidabad

	103
	Nilkuthi Mound
	Mouza Chak, Chandpara
	Murshidabad

	104
	Bahanpukur Mound
	Bamanpukur
	Nadia

	105
	Ruins of Fort
	Bamanpukur
	Nadia

	106
	Temple
	Palpara
	Nadia

	107
	Tamluk Rajbati
	Padumbasan
	 Purba Medinipur

	108
	Old Temple at Banda
	Banda
	Purulia


�/ 	These six World Bank Safeguard Policies are those on - Environmental Assessment (OP/BP 4.01), Pest Management (OP/BP 4.09), Physical Cultural Resources (OP/BP 4.11), Indigenous Peoples (OP/BP 4.10), Safety of Dams (OP/BP 4.37), and Projects on International Waterways (OP/BP 7.50).


� 	The Zila Parishad is the District level elected authority of the local government structures.


� 	As per standard classification defined by Champion and Seth


� 	Note that the 2 Tiger Reserves are within the combined boundaries of National Parks and Wildlife Sanctuaries


� 	The catchment of individual sub-projects may include forests, but those are not affected as the Project does not propose any intervention in the catchment. 


� 	Third in terms of replenishable groundwater per 100 square kilometer of geographical area (34.12 million cubic meter); and second in terms of replenishable groundwater per 100 hectare of net cropped area (5.55 million cubic meter)


� 	Assessment was done by the State Irrigation Department in 1987; and periodically revised since then – most prominently by the Central Groundwater Board in 2004.


� 	Estimated by the Central Groundwater Board, 2004 


� 	The regulator is the State Water Investigation directorate (SWID) under the West Bengal Water Resources (Management, Regulation and Control) Act, 2005. 


� 	The current practices of winter and summer agriculture in the state is mainly about paddy, even if the suburban communities have already moved towards non-paddy agriculture.. This preponderance of paddy is likely to remain, even if the Project will promote diversification, and irrigation efficiency. 


� 	These unit drafts were estimated based on standard methodology sued in the state (GEC, 1997), and the assumptions were based on those obtained by sample surveys conducted by relevant regulators since then.


� 	Using the “Theis” non-equilibrium well equations


� 	Such stipulation of non-overlapping command areas, by itself, ensure a minimum spacing of 245m between two shallow tubewells, 448m between two medium-duty tubewells, and 633m between two heavy-duty tubewells.


� 	The arsenic impacted districts are: Bardhaman, Hoogly, Howrah , Maldah, Nadia, Nadia, North 24 Parganas, and South 24 Parganas


� 	Studies and surveys by Jadavpur University, 1978-2005. According to the State Water Investigation Directorate Survey, 2005, a total of 81 blocks are severely contaminated (more than 50µg/l).


� 	Survey by the State Public Health Department, 2008


� 	Survey by the State Water Investigation Directorate, 2003


� 	The fluoride impacted districts are: Birbhum, Bankura, Maldah, Purulia, North Dinajpur, South Dinajpur and South 24 Parganas


� 	Within the eight arsenic impacted districts, the Central Groundwater Board has identified several arsenic free aquifers (77-270m below ground); and the Central Petrological Laboratory has identified 4 additional arsenic free aquifers associated with orange sand horizons.  


� 	The six districts with higher use of synthetic pesticides are: Howrah (1264g per ha per year), North 24 Pargana (812g), Hoogly (649g), Nadia (617g), Maldah (455g) and Purba Medinipur.  
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