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Abstract

In this study, quantitative changes in groundwater in Bijar-Divandere
plain with MODFLOW code in GMS software were investigated.
Aquifer simulation was performed for a period of six years and a
monthly step from October 2010 to June 2016. The SPI annual drought
index was calculated for the statistical period of 1987-2015. The results
of groundwater simulation showed that during the annual simulation
period, there was a decrease of about 0.5 m water level in the aquifer, the
intensity of which varied in different areas. Therefore, due to the
decrease and taking into account the area and the average amount of
storage capacity of the aquifer, the volume of the aquifer has been
reduced by about 1.3 MCM per year. The results showed that if the
current management process continues, over the next few years we will
see a sharp decline in the aquifer and irreparable damage. The results of
SPI index also indicated that the drought situation was close to normal,
which means that drought has a much lesser effect on the groundwater
level of the aquifer in different years.
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Introduction

Groundwater aquifers are unignorable and
important freshwater resources. In addition, they
are very sensitive to contamination caused by the
rapid infiltration of contaminated surface waters.
Moreover, Groundwater modeling has been
proposed in the recent years as a powerful tool in
management, optimization of consumption and
forecasting of groundwater resources. In drought
condition, groundwater resources play the most
important role to compensate different water
resources needs. Therefore, it is vital to study
and pay attention to the issue of drought to
prevent the intensification of damage and its
negative conditions. In relation to Bijar-
Divandere plain located in Kurdistan province,
Iran, no studies have been done so far, and on the
other hand, literatures and field visits show
guantitative and qualitative changes and a
decrease in groundwater aquifer level in the
mentioned plain. Therefore, the objective of this
study was to simulate groundwater level changes
and investigate the effect of drought on the
groundwater quantity of the plain using
MODFLOW code and SPI drought index.

Material and Methods

The present study was conducted in the Bijar-
Divandere study area with code 1309 located in
Kurdistan province, in northwestern Iran.
According to Demarten classification, the area
has a semi-arid climate, land and a structure of
sedimentary rocks, especially clay, limestone and
sandy mixtures, which is related to the changes
of the third geological period. To simulate the
groundwater flow of the plain aquifer, the
MODFLOW code from the codes in the GMS
software was wused. To investigate the
observational and simulated level of groundwater
in the study area, different data of 26 observation
wells during statistical period of 6 years (October
2010 to June 2016) were used. Nevertheless, for
drought investigation by standard rainfall index,
meteorological data used were from year 1987 —
2015. In the studied aquifer, the groundwater
level was first plotted by observation wells and
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the inlet and outlet flows were determined by
drawing iso-potential lines in the aquifer. The
groundwater flow equation in the free aquifer
under non-steady flow conditions is as equation

(D).

e G R G R ) R S ©
Where, Sy special watering coefficient,
K, «KyandK, are respectively hydraulic
coefficient in the direction of x, y and z axes in
terms of (I/T), h is the hydraulic head at any
point in the aquifer in terms of (1) and "Ax", Ay
and "Az" are the dimensions of the grid cells (L).
The model was calibrated with corrections in the
values of hydraulic conductivity and monthly
distribution of source and drain parameters of the
aquifer. The accepted values at this stage were
then taken as the baseline values for further
calculations. Drought was assessed using the SPI
index in the basin as Eq. (2).

SPI=(55) @

Where, Pi is the annual rainfall and P is the
average long-term rainfall and SD is the standard
deviation of rainfall during the statistical period.

Results

The results showed that the north of the aquifer
had hydraulic conductivity with values between
9 to 13 m/day. The lowest value belonged to the
eastern part of the aquifer, which varies from 6 to
7.5 m/day. The central area of the aquifer also
had values ranging from 7.5 to 9 m/day. In the
simulation of groundwater for the steady state
conditions (Fig. 1) according to the results
obtained for RMSE = 0.8 m, MAE = 0.73 m and
R? = 0.999, the model was able to simulate the
groundwater level values with suitable accuracy.
For unstable state condition, based on the results
of RMSE = 0.88 m, MAE = 0.85 m and R? =
0.99, the model was able to perform simulation
operations with appropriate accuracy as well.
The results of the evaluation of SPI drought
indices on an annual basis at the 1987-2015 are
presented in Table (1).
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VY Numerical simulation of Bijar-Divandereh plain aquifer
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Fig. 1 Simulated groundwater level and calibrated observation wells at steady state condition

Table 1 Status of different years in terms of drought
(near to normal) according to SPI drought index

Year SPI Year SPI
1987 0.051 2001 -0.25
1988 0.035 2002 -0.06
1989 -0.009 2003 0
1990 -0.054 2004 -0.015
1991 0.025 2005 -0.044
1992 -0.011 2006 -0.009
1993 0.19 2007 0.31
1994 0.094 2008 0.039
1995 0.024 2009 0.023
1996 0.025 2010 0.03
1997 -0.015 2011 -0.066
1998 -0.017 2012 -0.124
1999 -0.080 2013 -0.010
2000 -0.030 2014 0.008
The SPl index indicates a normal upward

statistical period in the aquifer under study. In
the period 1997-2002, the highest duration of
drought was observed on an annual scale for
seven years. In the period 1975-2005, four
different drought periods were observed on an
annual scale, which are: 1989, 1990, 1997-2002,
2006-2004, 2013-2011. The highest value of SPI
index was related to 2007 with a value of 0.31
and the lowest value of SPI index is related to
2001 with a value of -0.25. In general, the results
indicated that the model was able to show, well
groundwater level changes behavior in aquifer.
Therefore, it can be wused to implement
management scenarios. The results showed that
in the study area and during the period of
investigation, severe drought did not occur and
often the phenomenon of drought with intensity
and extent was very low and close to normal.
From the results of drought and the decrease of
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groundwater level in the same period, it can be
concluded that in the aquifer under study, the
decrease of groundwater level was not effective
due to drought.

Conclusion

According to the findings of this study, it can be
concluded that: there was no severe drought and
most of the drought phenomenon was very low
in intensity and limits and close to normal; in
Bijar-Divandarreh plain of Kurdistan province,
the decrease of groundwater level was not
effective due to drought, but also the other
factors such as harvesting increase, climate
change and the area under cultivation increase
could play a role; during of the annual simulation
period, a decrease of 0.5 m in the aquifer was
occurred; The volume of Bijar-Divandere plain
aquifer was reduced by about 1.1 MCM
annually; Different management solutions, such
as installing volumetric meters on existing and
active wells, blocking unauthorized wells, and
other management strategies such as artificially
feeding in suitable areas and change of
cultivation pattern are necessary to be able for
preventing of groundwater draw down.

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Status of different years in terms of drought
(near to normal) according to SPI drought index

Year SPI Year SPI
1987 0.051 2001 -0.25
1988 0.035 2002 -0.06
1989 -0.009 2003 0
990 -0.054 2004 -0.015
1991 0.025 2005 -0.044
1992 -0.011 2006 -0.009
1993 0.19 2007 0.31
1994 0.094 2008 0.039
1995 0.024 2009 0.023
1996 0.025 2010 0.03
1997 -0.015 2011 -0.066
1998 -0.017 2012 -0.124
1999 -0.080 2013 -0.010
2000 -0.030 2014 0.008
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