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India is the first country for groundwater exploitation. This exploitation has induced in numerous regions a drastic decrease of the groundwater levels and various over-exploitation situations especially in crystalline aquifer areas. Most of the groundwater exploitation comes from agricultural needs. Long time monitoring as well as various specific research projects conducted on three sites: Maheshwaram, Gajwel and EHP Choutuppal located in Andhra Pradesh India, allow a comprehensive inventory of the situation and to observe and predict the impacts of the growing pressure on Indian aquifers.

Studies show that the hydrodynamics are controlled the by weathering profile where in crystalline rocks, groundwater flow dominantly occurs in a shallow higher-permeability zone that overlies a deeper lower-permeability zone hosting little flow. 
Continuously decreasing water levels can produce drastic changes for groundwater management with rapid brutal changes rather than continuous and slow changes, due to geological structures leading to water level thresholds. Impact will be visible on water quantity decrease which may not sustain current agriculture practices and will create more inequity between farmers on water accessibility. On water quality, impacts are also important as the decrease tend to enhance salinization and fluoride release in the aquifer and lead to faster travels times in the saturated zone due to low porosity of deepest parts of the aquifer. Moreover this decrease of water level will decrease the adaptation capacity and solutions like managed aquifer recharge will become less efficient due to enhanced water storage in the unsaturated zone. As well energy demand should rise to compensate lower yields and larger water lift.
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Introduction
Hard rock aquifers are present in many areas of the world (Acworth, 1987; Gustafson and  Krasny., 1994)). Although these aquifers have modest productivity, many countries in semi-arid areas rely on them for irrigation and domestic uses as they are widespread. In India 60% of irrigation water comes from groundwater (Shah et al., 2003). These aquifers are therefore of prime importance for supporting economic activities and livelihoods in rural communities. Water evolution scenarios predict an increase of population and water needs by 15% between 2010 and 2015 (Kumar et al., 2005).

Among the areas prone to over-exploitation south Indian crystalline aquifers are particularly vulnerable due to a low storability and an important agricultural development. In this paper we summaries 10 years of continuous monitoring on 3 sites to discuss the implications and risks related to a decrease of water level in this context of semi-arid crystalline aquifers. Those researches help forecasting evolution on water quantity, quality and social aspects.

Sites presentation

To understand and assess the dynamics of crystalline aquifers we develop 3 study sites in Andhra Pradesh from 1999 to 2013.
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Figure 1: Study sites localization 
The Maheshwaram watershed (55 Km2) close to Hyderabad is now in transition from rural to urban area and count approximately 900 borewells. It has been investigated to develop geological and hydrogeological models (Dewandel et al., 2006, Maréchal et al., 2004 a, b), chemical evolution (Negrel et al., 2011; Perrin et al., 2011; Pettenati et al., 2013) and development of decision support tools  for water management (Dewandel et al., 2007).
The Gajwel watershed (84 km2) had been used for modeling with forecasting scenarios (Perrin et al., 2012) and to assess water user’s vulnerability (Aulong et al., 2012).

In Choutuppal an Experimental Hydrogeological Park is developed to investigate aquifer compartmentation and transport properties.

Geological structure and hydrological context
Previous hydrogeological researches had focused on crystalline hard rocks aquifers and had led to the development of conceptual models (Wyns et al., 2004, Dewandel et al., 2006) which can be summarized as the following from top to bottom (Figure 2a):
The Saprolite (also called regolith or alterite), a clay-rich material, derived from prolonged in situ decomposition of bedrock, a few tens of meters thick. The saprolite layer has a high porosity, and a low permeability. Laminated saprolite with a high density of horizontal fissures lies at the bottom of the layer. When it is saturated, this layer constitutes part of the storage capacity of the aquifer.

• The fractured rock, localized below is generally characterized by sub-horizontal and sub-vertical fractures in first few meters and a depth-decreasing density of horizontal fractures (Maréchal et al., 2004a,b; Wyns et al., 2004; Dewandel et al., 2006). This part mainly assumes the transmissive function of the aquifer and is tapped by most of the wells drilled in hard-rock areas.

• Below, the fresh rock is permeable only locally, where tectonic fractures are present.

These works show that, in semi-developed hard rock aquifer with a low density of productive fracture, permeability decrease with depth and that groundwater flows dominantly occur in a shallow higher-permeability zone that overlies a deeper lower-permeability zone hosting little flow. 
Hydrogeology of these aquifers is controlled by the monsoon creating yearly cycles. However on the recent past year continuous poor monsoon which do not counteract the effect of pumping has led to a continuous decrease of water levels which may reach the bottom of the saprolite layer as shown figure 2.
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Figure 2 : Continuous water level decrease from Maheshwaram IFP9 and Choutuppal CH3 continious monitoring (only extreme moonson years allow to replenishments – last one 2010)
Discussion
Identical situation on all monitored sites tend to show that this situation is wide spread. Due to the geological structure a continuous decrease of water level below the fissured zone will imply brutal changes rather than smooth changes as soon as the main productive part is dewatered as shown figure 2. Impacts of decreasing water levels can be synthesized as the following. 
The first obvious element is the impact on water availability which leads to a threshold controlled by fracture density in water production (Perrin et al., 2011). Borewell yield decrease due to decrease of fracture density with decreasing depth is commonly observed in the area (Maréchal et al., 2004).

The current practices will also tend to increase aquifer salinization (Negrel et al., 2011; Perrin et al., 2011) with an increase of fluoride concentration due to paddy field exploitation (Pettenati et al., 2012), which is an important threat for human health in the region (Bouzit et al.,).  Urbanization of some sites lead to groundwater deterioration (Khan et al., 2011) and a decrease of the water level will imply larger pollution storage in the unsaturated saprolite (velocity in unsaturated zone lower than in saturated conditions; sorption increased) and faster transport velocity in fractured zones which will increase the vulnerability and decrease the number of mitigation solutions (rapid flow path; lower porosity increasing effective velocity).
To counteract this over exploitation Indian government rely on Managed aquifer recharge (MAR) and the CGWB (2013) recommends the building of 11 million water harvesting structures at the nation scale. Among the MAR solutions percolation tanks are commonly used in the region. However recent investigation on the sites show that the amount of water to the aquifer is limited and the tanks impacts are very locals (Boisson et al., submitted;  Massuel et al., submitted; Perrin et al., 2009, 2012). By decreasing the water level the efficiency of the MAR structure will also be decreased as the non-usable water stored in the unsaturated saprolite will be enhanced and can create important delay of the recharge (Ruiz et al., 2010). Multiplication of MAR structure numbers can also impact downstream users which may lead to inequity and downstream conflict.
Decrease of yield, quality and possible management solution lead to an increase of farmers vulnerability as it decrease their adaptability (Aulong et al., 2012). As example of rapid adaptability, farmers at Choutuppal shift from rice cultivation before 2011 to cotton in 2012 due to resource availability decrease in the recent years as shown figure 2. Moreover water level decrease lead to a cost increase in borewell drilling, decrease of frequency of successful drillings for productive wells, increase of debt and in response to lead to suicides (Marechal, 2010). Community management as promoted by the AP Water policy 2009 can mitigate and enhance security but often enhance over-exploitation (Saktidavidel, 2007). Decreasing water productivity abruptly will limit the adaptability and may harm the food security which was the aim of developing the green revolution of the 70’s. 

Increase of the energy cost for agriculture/pumping which is already the first sector for energy consumption in rural area is also expected. Decreasing the yield of the borewells lead to the multiplication of borewells and an increase of the energy needed for an identical water volume extracted in a country where energy is already considered as one of the main issues.
The studies carried out on those sites show that two common views are unrealistic. “Deepening of borewells will allow pumping water from deep aquifer”. Although the possibility of deep productive fractures exist it statistically decrease, as well as the possible productivity and will rather tend to increases farmer vulnerability by increasing debts with important consequences (Maréchal, 2010). “Global warming will lead to more rain in the area and will allow increase the production” Although prediction tend to consider an increase of rain (Vigaud et al., 2013) it will not increase widely water availability due to strong heterogeneity and will rather tend to increase inequity (Perrin et al., 2012).

All these impacts are synthesized figure 3.
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Figure 3: Impact of water level decrease on hydrogeological properties, geochemical properties and social impact 
Conclusion

Studies show that the farmers, although highly adaptive are vulnerable to the general groundwater level decrease. Importance of long term monitoring and multidisciplinary projects allow highlighting the impacts. Water levels have impact on borewells yields, agricultural production, water quality, equity between farmers, energy, possibilities of mitigation.

To counteract those problems, management should be done both on demand management and water supply.
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