Concentric Research versus Diffusive Management in Water sector

Abstract

Conflicts and contradictions are the elder brothers of a sister named as Water. Anything you do with water, these two brothers would very often stand in between. Even research and management issues are not let off by them. Reason is quite simple. Convincing attributes are uncertain in time and space, as and when analyzing the source, pathway or point of utilization. Water resources mostly develop through investigation and rarely based upon research. Elsewhere, management of natural resource seldom follows the rules those worked profitably for the other consumer products. Sustainability of the water resources and its management is straight forward issue only for those who can decide hen first or egg.
Introduction

Proven literatures of Environmental studies describe lithosphere, atmosphere and hydrosphere (Rajagopalan, 2010; Humphreys, 1909). Natural water remains in a cycle expanding between these three spheres (Dunne and Leopold, 1978).  Science which deals with the existence of water in the above mentioned natural cycle is called hydrology (Chow, 1988). Somehow if habitants could have been placed in this cycle without affecting its mobility, at least management problems would not have arisen. But that never become possible due to rapid increase in human population, thereby need for more food grain, fodder and drinking water. With agricultural lands becoming less and less productive, urbanization and industrial growth has started occupying the center stage giving rise to many environmental degradation cases. Ethical concern about availability of water at utility point throughout the year upsurges the need for water resource development, which is in majority artificial in nature and dealt in earth science literature covering hydrology (Singh, 1994) and hydro-geology (Bear, 1972; De Marsily, 1986). Conveyance of stored water to the points of demand requires various types of structures; hydraulics (Hunter, 1950) fulfills the design requirements. It is true that streamlining research, development and management in water sector is a hurricane job due to numerous scientific, social and economical barricades.
Water management in particular is not a very well defined area. Economics is very often a secondary issue as compared to the sustainability and optimal distribution aspect of the quantity. Water is a natural resource turns out to be a consumer product invariably. Cost evaluation of such a consumer product, which is not always marketable, is inconvenient and also it drags many social, economical and legislative barriers. More-over science has the mathematical solutions for infinite boundary problems (Todd, 1980), management research lacks that advantage (Taha, 1982). Therefore even after 100 years of water research, a primary issue like quantification of water resources looks jugglery now and then, while financial management is to be customized. Research carried out in hydro-laboratories may have some substance; however its field application is merely minimization of an error, which we actually do not know. Uncertainties are better gambled in share markets, no body likes it in water management. Even in the days of scarcity, water price feels like so less and commodity so assured that research initiative does not convince boosting availability any ways. Factor of safety in water resources development is so high and failures so often called natural calamity, that none is practically answerable towards authentication and economical viability. Then why one should see for environmental soundness and cheaper alternatives through research. More-over a new technology adds new dimension in risk of failure, when implemented on field. Very few would opt for those, in the background of the probable scale of disaster.    
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Scientifically water is one, however at times it can be natural or artificial depending upon the physical structure that is either poured and/or canalized. Conceptually, natural water is considered in hydrological cycle (Dooge, 1973), where as artificial water is believed to exist as short term stored water (Asano, 1985). Governing equation for fluid flow augments conservation of mass and momentum, which says;   








(1)

Where, ρ is the mass density, Г is medium property, S is source/sink term, t is time and Ф is the objective function. Whole science of moving water primarily deals with equation 1 with adoption of better and better solution techniques to solve more and more non-linearity that has grown in the physical and chemical processes due to man-made interventions. Is the equation capable enough of dealing with the present state of hydrology, if not a fundamental hydrological cycle, in a sphere where neither the mass nor the momentum of water is conserved as nicely as is being conceptualized. Some one might argue on control through Reynold, Froud, Peclet numbers or boundary conditions of Diritchlet, Neuman or Couchey type; however these are highly premature considerations on a scale required to be dealt in water research addressing management issues. 
Therefore the models of Horton (1933), Nash (1958), Clark (1943), Genutchen (1982), Philip(1957), Theis (1935), Muskat (1946), Bear  and many more remained tools for merely academic research. Basic problem is how to transform the parameters in to a field scale so that mathematically computed values may reach close proximity of a time series. Theoretically this could be attempted in two ways; (1) by conceptualizing the natural processes (Freeze and Harlan, 1969; Beven, 1989) , and (2) dealing the system as a black box represented by lumped parameters (Beven, 2001). Hydrological process is so complex and cumbersome, that automatically almost every researcher went around the second option. There is huge amount of such contributions available, ignoring physical or chemical processes. In such a situation extending the computed time series to forecast future scenarios never proved worthy and model parameters did not appraise the field (Beven, and Binley, 1992). It became a capacity building for optimization techniques rather than a contribution to water science that could have solved few managerial objectives. With drastic increase in people’s intervention upon water cycle day by day, process models seem becoming outdated in management level.      

Post nineteen fifty era saw breakthrough in numerical techniques with a view that it could provide water management solution mainly in heterogeneous spatial domains (Grayson, 1992; Huyakorn, and Pinder. 1983), however the parameters still remained lumped and matching of behavior pattern depended mostly on the numerical techniques. Actual physical and chemical processes lost its way and application of numerical techniques stationed in the corridors of a knowledge base that has been developed long back. Modeling success depended heavily on the available data and therefore found expensive, not to be used for every case study specifically in developing countries. Reliability of model results remains questionable as unique parameter search was almost impossible. The same model calibrated by different researchers produced different parameters, hence lost the faith of the client. Unknowingly arguments for the search of calibrated model parameters in the field exaggerated the non reliability of water research for water management. Efficiency of water research for management is now truly questionable.
Fundamental of water science is borrowed capital, investment of which requires transformation to site specific conditions. Scale of transformation is so varied and complex that, numerous amount of assumptions are generally warranted. These assumptions are so hard to approach on field that certainty of the outcome gets lost. Elsewhere results are liable to fit in to a desired shape by very little manipulation of the sensitive parameters. Whether it is Manning’s or Chezy’s velocity in surface water or Darcy’s in Groundwater, any amount of precision in calculating the shape variables can be mislead by using unfair values of constants in those equations. These constants may be commendable in the basic theories of fluid mechanics; however it could become highly erratic with the increase in the dimensions and heterogeneity of a domain (Williams, 1969). Therefore water science is comfortable in calculating the storage capacities of surface reservoirs, routing or rainfall-runoff modeling is still not risk free on field. Although these uncertainties are not more than the chances those are being considered for the evaluation of average rainfall (Linsley et al., 1982).
If runoff is difficult to be co-related with rainfall, sedimentation is far more adventurous issue and does not streamline with a general scientific theory (Arnold et al., 1995). Uniform velocity is customary in the background of sediment theories, whereas rivers and channels do not abide by this assumption. Now flash floods are seen for few days of a monsoon season, which carries the sediments without reaching and maintaining the regime conditions. Many places river bank filtration is stopped by putting concrete walls all along the bank, what could be the regime condition of river section is yet to be analyzed (Bagnold, 1977). Again estimation of reservoir sedimentation is better of due to sophisticated survey techniques and application of satellite imageries. However erosion and movement of sediment lacks appropriate techniques. Many dams fail due to sedimentation and poor maintenance, ultimately goes unnoticed due to lack of improved knowledge base in this area. 
Groundwater is a completely black box, whatever claims are being made. Research is dominant as the scope is huge in recent times. Hydrogeology is comprised of hydraulics and geology. Subject is well established for classical cases; however flow domains are complex with increasing trend of groundwater use and decreasing recharge capacity. Hydraulic gradients are so steep that the drafts are no more from storage capacity. Considerations such as horizontal initial water table condition does not hold good. Due to change in groundwater regimes, groundwater estimation is highly wayward and mostly tentative. In shallow aquifers concept of groundwater balance needs improvement (International Association of Hydrological Sciences, 1986), as there hardly any storage is available, entire water is just flowing seasonally. Because of this reason, pollutants are spreading at a much faster rate in the groundwater domains. With high pumping rates, trace metals are coming out of the in-situ pocket more regularly. Deeper aquifers are yet to be analyzed in respect of recharge and discharge zones and quality unknown.      

Water Management
Basic requirement in a management activity is the knowledge of available resource, quantification of which is stochastic in case of water and availability by chance in practice (Haan, (2002). Water management became less productive due to above reason. In fact if our management strategy would have been solely demand driven from the beginning, task would have been much easier and result deterministic. Source evaluation and based supply makes whole process uncertain. Only recently water is being allocated based upon its requirement for domestic and irrigation, although charges are not based upon actual volumetric consumption. Even the water for industries is not charged with adequacy, so as to sensitize consumptive use. Social value of water fluctuates big way depending upon the monsoon rainfall and economic value does not have any impact on the senses. In fact monetary value of water fails to convince the society on a single argument that who owns the natural water. Till water flows in rivers and streams, it bears no cost, but as soon as it is stored in tanks, reservoirs and bottles or conveyed through canals and pipes, it is priced. More confusion arises in case of groundwater, does a land owner owns the subsurface water beneath his land? If so, then up to how much depth? Therefore water management deals with development of water resources and its distribution and does nothing with financial control.
Water resources development is meant by conservation of surplus resources and supplying it in times of lean period. Besides surface water reservoirs and tanks, aquifer storages are also seen as prospective structure, specifically in high temperate regions. Tanks and reservoirs served its purpose well with in an economic life and still could be useful with proper maintenance, strengthening and no heightening of dams. Only problem it face is excessive evaporation losses and aquifer storage augmentation is seen as viable alternative. Looking to the present groundwater regimes of the shallow aquifers, retention of stored water at the same place for some time is over demanding. Deeper aquifer storage though not fully researched, requires to be evaluated considering higher cost of pumping. 

Best profitable deal with water management could be coupling of consumptive and conjunctive use with aquifer storage. Consumptive use is to deal with demand driven allocation of water, where as conjunctive use shares surface and groundwater resources for consumptive use. Any water that is surplus due to consumptive use could be stored in aquifers to save it from evaporation. Crop planning can boost the efficiency of consumptive use, still not convincing too many, yet not impossible. Conjunctive use reduces salinity of water and soil, otherwise a big problem almost in every command are. Socio-economics of artificial generation of surface and subsurface storages needs comparison before sustainable decision making.

Water Pollution

In spite of many research efforts, there is no second opinion that contamination of surface and groundwater is threatening the society and administrators at large. Monitoring of level of contamination is definitely a progress in this field and is available in all governmental and institutional web pages of developing countries, do not taste healthy. It is amazing that although awareness about pollution and its spreading is well documented since long, still research in majority is restricted to reporting of alarming levels and as such very little research based strategies are seen on field to counter the pollution. Industrial sector looks better controlled, at least on paper, whereas salinity in cultural command areas and pollution due to septic tanks and poor sanitation still goes unreported. In places where it gets reported, remediation does not get attention alike industrial pollution case. Economics perhaps play the major role.

Once contamination reaches a level of pollution, remediation is extremely difficult, whereas in developing countries like India only pollution gets noticed not contamination. In many cases pollution control authorities come to know only after it reaches groundwater, which increases the cleaning efforts many fold, if not cumbersome. Theoretically pollution controls require knowledge about sources and pathways. The sources could be point or non-point, former is easier to analyze as compared to later and because of this reason industrial pollution studies are more firm than those for agricultural or domestic pollution. Contaminant transport in general is governed as in equation 1, solution of which is complex due to convective term. Analytical solutions are available for simple initial and boundary conditions. Parameters such as dispersivity, diffusivity and other retardation coefficients due to biodegradation and decay is almost impossible to calculate on field and as such estimated parameters in the laboratories are in use (Bear and Verruijt, 1987). These laboratory parameters are only suitable to act as initial parameters and require calibration and validation.

Mathematical representation of concentration species is through error functions, many times errors due to numerical oscillations are considered as concentration. Therefore removing such oscillation by adopting criteria based mesh generation based upon suitable transport parameters and introducing appropriate boundary condition becomes essential. These guidelines indirectly restrict the dimensions of a study area and may not be always applicable in field situations. Therefore contaminant transport modeling is generally loaded with many assumptions priory and accepting results and predictions based on those may not be full proof. Non linearity and diversification in species and reactions make a contaminant transport modeling beyond the capacity of numerical techniques many times. Such complex exercises demand dense, sophisticated instrumentation and data generation, which keeps on dragging a study for longer duration. In such circumstances, laboratory testing alone could be useful in decision making. 
Again whatever claims are being propagated, contaminant transport modeling is basically a pure area of academic research. When it comes to implement on field, scale effects dry all prospects (Domenico, 1972). Elsewhere, strategies planned through mathematical modeling studies are actually dealing with cumulative errors not concentration. Modeling of salt water intrusion mechanism is a very good example of such failures, where research remained in the libraries as literature and seldom believed as measures. Ultimately coastal zone management strategies are being developed without studying hydrodynamics. Pollution levels are preconceived modes without any relation to health hazards. Therefore even after so much noise of water pollution, on field still people consume and survive in many places in developing countries. Waste management and raw water use on surface is needs of the hour, its percolation to groundwater is not less than a crime. Available technologies can not provide immediate rescue.

Conclusions

It is true that water research and management some how did not work to a level, which it should have been. There could be many reasons and it may probably go to many pages, if whole issues are mentioned. Present paper narrates some of them, which the author feels dominant. There is lack of appropriate technology and more importantly there is lack of hard work, which can fill the gap between science and technology. Water research is quite different to any other type of applied research. Unless research commences from a source and culminates in to few sinks of utility, it never becomes fruitful at the management level. There is no straight forward technology, every time one has to apply himself a bit to generate concepts. Example of one such try for coastal zone research is given in figure 1. There is scope for isolated research covering drainage or a well or improving an existing solution technique, but in most cases it remained merely a published literature. Rarely indirect uses of such contributions are appreciated, which is injustice. 
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Figure 1 Proposed research activity chart for a coastal zone of Gujarat state in India

Water is no more available in abundance and source based availability is stochastic. Management and planning of water puts certain kind of risks to other alternatives or options (Kite, 1977). This risk should be associated with all results those are placed as an outcome of hydrological studies (Majumdar, 2009). This will facilitate a water manager choosing his option knowing the level of risk or uncertainty he is going to undertake. There is no point in forcing water research results always deterministic, otherwise that could only cover single realisation.
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