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Abstract \§

Flood spreading is one of the water resource management so ns that can have positive
effects on groundwater resources. The aim of research is {6y e qualitative changes
of Herat aquifer affected by flood spreading station in the Sta?‘g‘cs of Ca, HCO3, Mg,
Na, Cl, TDS and EC parameters of agricultural wells wer cted. To evaluate effect of water
extraction and consequently effect of sediment exttaetion on efficiency of sites, years of 2003-
2011 were selected as the first period and 20 1 as the second period. Different
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EC with less than 1000 ,umho/cm 1 stern wells and the highest EC with more than
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d spreading projects in this area has been positive and
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e il&ality of groundwater.
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Introduction

One of the important goals of flood spreading plans is to feed groundwater tables and increase
quality of these resources. One of the most important indicators for evaluation of artificial
feeding plans is to examine their impact on quality of groundwater resources. The main goal of
current research is to investigate the spatial changes of water quality parameters in the Herat
flood area in two different statistical periods.

Material and Methods

Harat watershed area is 1413 km? in south of Yazd province. The location of flood spreading
sites implemented at the end of Harat basin outlet and with an area of 490 halwhich includes
four implementation areas. The area of this aquifer is about 116 km?, the perimetefiis,about 51
km, which is located at the outlet of the Herat watershed. To injéftigate and ffects

of flood spreading projects on groundwater resources, statistics'of par S well$were
used from the area of aquifer affected by these projects, on

parameters of calcium, carbonate, magnesium, sodium, chlorine, andhtota solved solids and
salt was extracted. Since there was no data on the quality pagam offagricultural wells before
the construction of flood distribution. Therefore, according t ater extraction time of the
flood distribution system, the existing statistical period ifito two periods in order
to check the system's performance on the quality of agri ells. So that 2003-2011 is the
first period and 2012-2021 is the second period. Di erpolation methods were used to
investigate the spatial changes of qualitative para Deterministic interpolation methods
including IDW, RBF, GPI, LPI and geostatistigal i ion method including kriging were
used. To choose the best interpolation itative parameters of Herat aquifer,
the measurement error was obfai
of each quality parameter in th ere divided into four classes and the area
of each class was obtaiged in - Then the area of each class was compared in
two periods. In order toWind t f spatial changes of each parameter, using the

mathematical relationship, ?age of spatial changes of each parameter was also
obtained. quﬁtion (1) was repare a map of changes of water quality factors.

[(form= f2) (1)
In this equation, erage of quality factors at the pixel scale that ft corresponds to the

first period (20 and ft+1 corresponds to the second period (2012-2021).

e the spatial changes of water quality characteristics, the optimal method was
due to the lower RMSE value and higher R2. Based on this, kriging method was used
to investigate the spatial changes of all characteristics except magnesium. To investigate the
spatial changes of magnesium variable according to the RMSE and R? statistical indicators, the
RBF method was chosen as the optimal method. Fig. 1 shows the zoning of quality factors
related to the first period (2003-2011) and the second period (2012-2021).
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Fig. 1 Zoning of quality factors related to the first period (2

2021): a) Salinity, b) Chlorine, c) Magnesium, d) Ca m)
Dissolved So
zoni ater quality characteristics in this

The results showed that geostatistical meth
area were better than deterministic meth: est EC with less than 1000 pmho/cm is
related to western wells and t ighe eﬁl re than 10000 pmho/cm in is related to
eastern wells. In the studies c on quality parameters, it was also found that this
uality’ parameters. The trend of increasing electrical
conductivity and other quali rameters from the west to the east of the aquifer area can
be justified due to the fine alluwial constituents in this direction and also the absence of
any groundw!er outlet in the gastern border of the aquifer, which causes excessive retention of

water dudiitg,the eas ity. Finally, with using mathematical techniques, the map of
the spatial patte

11) and the second period (2012-
odium, f) Bicarbonate and j) Total
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The result!‘sho ed that c (Ca), chlorine (Cl), salinity (EC) and total dissolved solids
(TDS) facto ilar spatial pattern changes. So that from the outlet to the upstream side

the influence of flood spreading, the amount of parameter changes increase.
hanges in the spatial pattern of salinity depends on the total dissolved solids
re, so that with the increase of the two mentioned factors, the salinity also

changes (improvement) increased and in upstream of flood spreading, the amount of negative
changes (deterioration) increases. This reinforces positive effect of flood spreading.
Considering spatial pattern, effect of flood spreading projects in this area has been positive and
has been able to control the decline in quality of groundwater.

Conclusions

In the present study, the effect of Herat's flood spreading on the quality of the groundwater was
discussed and investigated. Kriging method for zoning water quality characteristics in this area
is better than deterministic methods (IDW, RBF, GPI and LPI). In downstream of flood
spreading and the outlet of the aquifer, the amount of positive changes (improvement) increased



and in upstream of flood spreading, the amount of negative changes (deterioration) increases.
The electrical conductivity variable and other qualitative parameters have been increasing from
the west to the east of the aquifer area. The flood spreading of Herat has increased the quality
of agricultural water in the downstream areas. By considering spatial pattern, effect of flood
spreading projects in this area has been positive and has been able to control the decline in
quality of groundwater.

Data Availability
The data can be sent on request by the corresponding author via f.fotouhi@ardakan.ac.ir email.
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Table 1 Comparison of interpolation methods in terms of estimation accuracy for water quality factors

Water Kriging IDW GPI LPI RBF
quality  p> pRMSE  R®  RMSE R’  RMSE R? RMSE R  RMSE
factors
Ca 0.90 1.94 0.7 3.43 0.8 2.76 0.87 2.25 0.89 2.09
Hco3 0.65 0.50 0.5 0.59 0.46 0.62 0.5 0.6 0.63 0.5
Mg 0.69 5.43 0.62 597 0.83 4 0.79 4.39 0.83 3.97

Na 094 542 0.79 10.18 0.92 6.15 0.92 6.2 0.87 7.95


https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%A2%D9%88%D8%B1%D8%AF%DA%AF%D8%B1_(%D8%A2%D9%85%D8%A7%D8%B1)
https://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D8%A2%D9%88%D8%B1%D8%AF%DA%AF%D8%B1_(%D8%A2%D9%85%D8%A7%D8%B1)
https://jsw.um.ac.ir/?_action=article&au=17640&_au=A.++Mosaedi&lang=en
https://jsw.um.ac.ir/?_action=article&au=24860&_au=M.++Eivazi&lang=en
https://jsw.um.ac.ir/?_action=article&au=24860&_au=M.++Eivazi&lang=en
https://www.waterjournal.ir/?_action=article&au=526943&_au=Yaser++Sabzevari&lang=en
https://www.waterjournal.ir/?_action=article&au=526943&_au=Yaser++Sabzevari&lang=en

Cl 095 639 073 1424 093 7.2 0.91 8.12 0.8 11.93
TDS 095 047 0.74 1.07 092 0.6 0.9 0.68 0.8 0.9
Ec 093 866.21 0.71 1731.17 091 93521 0.9 1012.67 0.78  1492.64
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Table 2 The area of the range of changes percentage in the quality factors of the Harat aquifer

Variation range (%) <-50 -50 to -25 -25to -5 -5to 5 5to 25 25t0 50 >50
. . Great Moderate Little Little Moderate Great
Classification . . . Unchanged S L L
improvement  improvement  improvement deterioration  deterioration  deterioration
Ca - - 34.85 14.86 453 4.98 -
Cl - - 42.4 27.86 29.74
Area EC - - 35.66 29.06 35 28
(%) HCO3 - - - 15.1
Mg 0.18 20.56 23.19 8. 19 8.32
Na - - 26.62 12. 9 10.12

TDS - - 72.84 22/59
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