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

ENVIRONMENTAL ASSESMENT

DRAFT 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.
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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. 
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.

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.

�/ 	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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