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Abstract

Introduction: Assessment of groundwater quality and quantity
variation in drought and semi-drought region are of most interest
especially in Iran. This research is going to analysis salinity reasons
by ground water quality mapping in the Khafr plain.

Methods: To do this the principal components of water quality
extracted in spring and autumn seasons. Then Spline, IDW and
Kriging interpolation techniques were fitted and evaluated for
mapping. Finally, the best model was determined and ground water
quality mapped using principle components.

Findings: Kriging recognized as the best model for autumn. The first
component with high coefficients on TH, K, Mg, Ca, SO4, TDS, EC
showed maximum values in the center and eastern south of the
region. For the second component (SAR, Cl, Na) maximum values
observed at the eastern south as well. The third component (PH)
increased from center to the north and western north and decreased
from center to the south and eastern south, and for the Forth (HCO3)
maximum observed at the north and minimum in the eastern south.
Spline method recognized as the best model in spring season. The
first component (SAR, Cl, Na) showed maximum values in the eastern
south of the region. The second (Th, Mg, Ca) maximum values
observed at the center and the third component (PH) maximums in
the west. Forth component (HCO3) maximum valued observed in the
center and western north. Finally, the reasons of spatial and
temporal variation of the components analyzed.
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Extended Abstract

Introduction

Multivariate statistical analysis is widely
used to understand the geochemistry of
aquifers. Principal Component Analysis
(PCA) helps to classify Groundwater (GW)
samples and identify major
hydrogeochemical mechanisms influencing
GW chemistry. Because of the water demand
increasing and GW quality decreasing trend
in the Khafr area, increased EC or
salinization, multivariate statistical analysis,
PCA was used to identify GW type and spatial
sources of GW quality variation. In another
hand, environmental management requires
spatially continuous data to make a
confident decision. The data are from point
sources, so the value of an attribute at
unsampled points needs to be estimated.
Spatial interpolation is a tool for estimating
the variable at unsampled sites. To our
knowledge, no comparison of IDW, Kriging,
and splines have been here for spatial
mapping of GW quality using PCA, so these
methods compared to prepare an exact GW
quality spatial map to be used in GW
management.

Materials and Methods

The GW samples of the Khafr aquifer in
Jahrom (Iran) were collected at 18 sites for
the characterization of the physicochemical
properties of GW and analyzed for 12
variables in the spring and autumn seasons
of four different years to evaluate the effect
of natural processes on GW quality. Principal
Component Analysis (PCA) of geochemical
data was used to identify geochemical
processes controlling GW geochemistry in
each season. Diagonalization of the
correlation matrix transforms the original
correlated variables into uncorrelated ones
called principal components (PCs), which
are weighed as linear combinations of the
original variables. Varimax rotation of the
principal components decreases the
variables with minor importance.

Cattell scree plot was used to determine the
number of extracted PCs. Explained variance
criterion is used to keep enough
components. After extraction of the PCs, the
most important variables in each one is
retained. To prepare a spatial map of GW

quality, mostly used interpolation
techniques such as IDW, Kriging, and splines
were compared. The interpolation precision
depends on the quality of technique in
describing the spatial variation and
correlation of the attributes. Cross-
validation was wused for comparing
interpolation. The Mean Absolute Error
(MAE) and the RMSE calculated from the
measured and interpolated values at each
sample site were used to compare the
accuracy of predictions.

Findings

The scree plots used to identify the number
of VFs in different seasons. Three
components retained for the autumn,
explaining 97% of the total variance, and
four components for spring, explaining 99%.
In the autumn, Varifactor: (VF1) with high
positive scores on Ca?+, K+, Cl, Na*, TDS, EC,
S04%, and SAR, explained 55.5% of variance.
VF», containing 32% of variance, included
high positive scores on TH, Mg?+ and HCO3;,
pointing to the carbonated magnesium
sediments erosion. VF3, explaining 10% of
variance had a high negative score on pH. In
the spring, VF; with high positive scores on
SAR, K*, Na*» and CI- explained 40% of
variance (salinity). VF,, containing 37% of
the variance, included high positive scores
on TH, Ca?*, Mg?+, SO4% and EC (hardness).
VF; and VF. origins were the same as
autumn 2008. The GW quality mapping of
water quality components performed using
Arc GIS and IDW, OK, and splines were
evaluated and compared. To perform
Kriging, fitting a semi-variogram model
performed and the performance of the
different models (circular, spherical,
exponential, Gaussian, and linear) compared
based on MAE and RMSE. The results
indicated that the IDW is the best method in
autumn, but the difference between IDW and
Kriging in 2008, was little. In the spring,
spline was the best and IDW was the worst.
The MAE and RMSE estimated for each VF,
showed that the best interpolation
technique for each VF was different, as in the
autumn the best method for VF; was IDW,
for the VF, was Kriging, and for VF3, IDW and
Kriging were the best. The spatial maps of
VF: in different seasons show that high
scores are generally observed at center
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points and the eastern south of the study
area. VF; values increases from center to
eastern south. The maximum loading and
spatial variation of VF; score in different
periods sampling are a little different. The
spatial distribution maps of VF; in different
seasons shows that in most of the seasons,
the concentration of Ca2*, Mg?* and TH
decreases along the GW flow path, as the
concentration of Na*, SO42+ and Cl- ions
increase. VF3; displays a different spatial
distribution. The highest concentration of
VF1 and VF; are generally clustered around
the center points, where VF3 (PH) maximum
values could be seen in the west and eastern
south of the region in autumn, and western
south and east in spring.

Discussion

The high positive scores on Ca?+, K*, Cl-, Na+,
TDS, EC, SO4%, and SAR, in the autumn
pointed to a common origin for these
minerals like dissolution of limestone, marl,
and gypsum in water (water-rock
interaction). High positive scores on TH,
Mg?+ and HCOs,, pointing to the carbonated
magnesium sediments erosion, and high
score on pH could be from both natural and
anthropogenic sources. The spatial maps of
VF1 might be from GW flow path to the
eastern south of plain, and increasing EC
from the solution of sedimentary rocks.
Seasonal variation of GW level due to
withdrawal of water for agriculture, and
recharge difference (dominantly
precipitation) in the summer and winter
seasons, could also affect the spatial
variation of GW quality. Decreasing of Ca?+,
Mg?+ and TH, and increasing Na*, SO4%* and
Cl- along GW flow path, could be
corresponded to systematic decrease of
salinity in the NW-SE direction, explaining
hydrochemical processes along the GW path.
Decreasing of Ca%+, Mg?+ and HCOs" can be
explained by carbonate precipitation (e.g.
calcite, dolomite, etc.). Additionally, the high
SO4* concentration indicates that the source
is mainly gypsum (other sources include
fertilizers and wastewater containing
sulfate). However, carbonate precipitation
or gypsum dissolution reactions alone
cannot  explain  chemical reactions.
Considering that the aquifer has high clay

content, there is probably an important
contribution from the ion exchange
reactions called “natural water softening
reaction”. It also describes the increase in
Na* concentration and the decrease in Ca?+
and Mg?+ along flow path.

Conclusion

Principal component analysis of GW data,
was used to identify geochemical processes
controlling GW quality. PCA found a reduced
number of latent variables (PCs). A varimax
rotation of these PCs led to a reduced
number of varifactors related to a small
group of experimental variables with a more
explicit hydrochemical meaning generally
named salinity and hardness. In each
sampling duration, the best interpolation
technique was different. The best
interpolation technique for each VF was also
different. Along the GW flow path generally,
the value of hardness decreased, as the value
of salinity increased. This is corresponded to
the systematic decrease in salinity scores in
the NW-SE direction, suggesting that
hydrochemical processes are decreasing
along the GW path. Most of the regions
(samples) can be regarded as recharge area
waters due to the dominance of Ca-Mg-HCO3
water type. The combination of the
geostatistics and GIS techniques in this study
provided an efficient way for analyzing a
high-dimensional hydrochemical data set
from Khafr area.
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