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Introduction

Geographic information system (GIS) is an appropriate tool to enhance the sustainable
development of groundwater resources. Belmonte et al. (1999) introduced applying some of the
GIS tools for integrative management in cultivated regions. Dixon (2005) obtained quality
vulnerability maps of groundwater using fuzzy logic and GIS in Kansas State, USA. Pathak and
Hiratsuka (2011) also applied qualitative modeling to evaluate the groundwater extraction
management using GIS approach in Kathmandu, Nepal . They suggested some solutions to
managers to make decision. In this study, we evaluated the parameters of electrical conductivity,
sodium concentration, and the ratio of sodium absorption in Lake Urmia using geo-statistical
methods and quality standardized modeling of the Ministry of Energy for agricultural water and
introducing the GIS as an applicable tool for managers in decision making.

Methodology

In this research, data from 120 sumps of Urmia plain were used. Data on electrical conductivity,
sodium concentration, and the ratio of sodium absorption were arranged from 1380 to 1389. The
annual mean of data was calculated. The available data on sumps were digitized and used as an
input file in GIS software for modeling and projecting maps. The best fitting model on
variograms from data was obtained from exponential kriging applying GS+. Geo-statistical tool
implemented in ARC GIS software was applied for interpolation of spatial data and production of
raster layers through parameters. The groundwater of the district was classified into five
categories of excellent, good, permissible, doubtful, and unsuitable. The spatial model was
extracted and drawn for the electrical conductivity and sodium concentration parameters
according to the standard table. To clarify the process of groundwater quality changes, maps of
25 groups were also produced.

Results and Discussion

According to the results of the study, the groundwater quality was diminished in the region.
The process of quality deterioration was in between 2007 to 2010, which has been clearly
demonstrated in the diagrams and maps. One of the reasons for depredating of water quality is
irregular extraction of groundwater resources. Continuous droughts have limited surface water
resources, and farmers have turned back to the groundwater extraction. Because, managing
system had not been faced with water deficiency there was no proper controlling systems
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method to restrict groundwater extraction, and; therefore, farmers have continuously used
groundwater which was thought to be an inexhaustible source. Although, these groundwater
resources are renewable and their quantity increase during rainfall in the winter and spring, it is
remarkable that the quality of this water is declining by consuming in agricultural usage and will
cause inefficiency in production, salinity increment, and soil destruction . Electrical conductivity
of water in the region in 2005 was classified into three categories including good, permissible,
and doubtful. However, it reveals trends of increase from 2007 to 2011, some areas of
Noshinshahr became unsuitable, and sodium ions (NA) in some area increased more than the
standards authorized by ministry of energy. In some areas adjacent to the Lake, EC increased
four times more than standards authorized which is destructive for agriculture in the region.

Conclusions

According to the analyses, electrical conductivity of the water in the region was classified into
three categories of good, permissible, and doubtful, but, it has reached to the unsuitable
conditions in some region (Noushinshahr city) with increasing trends from 2007 to 2011. The
sodium concentration percentage is also exceeded authorized standards in some areas, but, the
rate of sodium absorption is currently increased and reached to an acceptable level.
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