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The flood of April 2018 in Khuzestan province is one of the rarest floods that have occurred in this
province, which has left a lot of environmental and economic damage. In the current research, the effect
of this flood on the quantity and quality of groundwater in the Shush aquifer has been investigated. For
this purpose, hydrochemical sampling was carried out from the surface and groundwater sources of the
Shush plain in May and October 2018 (flood and dry periods) and the concentration of main ions, nitrate
and stable isotopes of oxygen-18 and deuterium were measured. Quantitative and qualitative analyzes
have been carried out using aquifer representative hydrographs, combined diagrams, Piper, Schuler and
Wilcox and isotopic studies. The results of the representative hydrograph of the aquifer showed that the
changes in precipitation have caused the level of the reservoir level to increase by about one meter at the
end of the 2018-2019 (September 2019) water year compared to the end of the 2017-2018 (September
2018) water year. The reason for the decrease in the concentration of qualitative parameters in the
southern parts of the plain and in the direction of the groundwater flow is the increase and accumulation
of floods in the downstream parts of the aquifer, which is associated with the decrease in the depth of the
water table in these areas. Combined graphs of the flood period show the relative increase of water-
soluble substances compared to the dry period. This increase in the main ions can be attributed to the
strong nutritional pulses of the flood, which has disturbed the chemical balance of the groundwater and
mixed it with unstable sediments in the aquifer. Based on the isotopic results, in the flood period, all the
samples follow the local precipitation line, which indicates the aquifer's feeding from the flood, and in
the dry period, due to evaporation, the samples are more scattered than the global precipitation line.

Introduction

of the Dez and Karkheh rivers caused the breaking of the

Heavy and long-lasting rains in late March and April
2019 caused destructive floods in large parts of Iran,
which caused a lot of financial and human losses. Three
rainfall systems were the cause of these floods in the
country. The first system from in March caused severe
flooding in the northern regions of the country. The
second system in March covered the southwest of Iran,
including the provinces of Khuzestan and Lorestan. The
third system, which brought heavy rains, affected
southwest Iran again on early April and caused river
floods in these provinces. On the 3 April 2019, the flood

dams of three villages in the Shavor section and the
center of Shush. The flood area of the Dez and Karkheh
rivers in April 2019 flood was estimated to be 638 and
321 square kilometers, respectively, using satellite
images (Water Research Institute, 2019).

The study area with an area of 839.85 square
kilometers is located in the Shush plain and northwest of
Khuzestan province. Three important rivers, the Dez,
Karkheh and Shavor, flow almost parallel to each other
in this plain (Fig. 1). Geologically, the Shush plain is
composed of the Bakhtiari Formation and alluviums of
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the present era (Fig. 1). The alluvial sediments in the
Shush area are often composed of sand and gravel, which
are mainly caused by the sedimentation of the Karkheh
and Dez rivers. Towards the center of the plain, due to

the decrease in the carrying capacity of the floods and
currents of these two rivers, as well as the slope of the
area, the diameter of the grains decreases and the
permeability of the alluvium decreases.
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Fig. 1. Geological map of the studied area (Geological Survey and Mineral Exploration of Iran, 1967) and the location of qualitative

sampling points.

Materials and Methods

In order to investigate the effect of the 2019 flood on
the quantity of groundwater in the Shush plain, the
monthly water level measurement data of 29 observation
wells dug in the aquifer of this plain between October
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2017 and September 2019 were used. The representative
hydrograph of the aquifer is drawn using the corrected
water level data of each observed well in Excel software.
Level and depth maps of water level in October 2018,
June 2019 and October 2019, which represent before and
after flood, were prepared using the kriging method and
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automatically in ArcGIS software. Information from the
hydrometric stations at the outlet of Dez Dam, Dezful,
Harmaleh and Bamdej have also been used to investigate
the movement of the flood after the Dez Dam to the place
where the Dez River joins Karun.

The impact of the 2019 flood on groundwater quality
in Shush plain has been done by sampling 10 deep wells
in the study aquifer (Fig. 1). Four water samples were
taken from Dez and Karkheh rivers. Sampling was
carried out in two periods: May 2019 (the month after the
flood in April 2019) and October 2019 as a dry period in
order to provide the possibility of comparing the effects
of floods on the quality of the aquifer in both periods. In
order to match the quantitative and qualitative condition
of the Dez and Karkheh rivers at the time of the April
2019 flood with the basic conditions and long-term
average of these rivers, the statistics of the Telezang and
Zal Bridge stations from October of 1984-1985 water
year to March of 2018-2019 water year were used for 35
years.

Measurement of electrical conductivity parameters,
total dissolved solids (at 18 degrees Celsius), total
hardness, calcium, magnesium, sodium, potassium,
bicarbonate, chloride, sulfate, and nitrate in groundwater
and surface water samples has been done by Khuzestan
Water and Electricity Organization. To identify samples
with anomalies, determine chemical trends and check the
quality of water sources for drinking and agriculture,
gualitative data of water sources in the study area were
analysed using composite charts, Piper, Schuler, Wilcox
and sodium absorption ratio (SAR) and residual sodium
carbonate (RSC) parameters.

In order to investigate how the rainfall pattern of the
study area affects groundwater resources and also to
determine the origin of groundwater, the ratio of 0/**0
and D/H isotopes in groundwater samples of the Shush
plain has been measured. The measurement of water
stable isotopes has been carried out at the Arak stable
isotopes research laboratory. The isotopic analysis has
been done by drawing the isotopic line diagram of the
Shush study area and the water-atmosphere line equation.
Also, to determine the dominant process in the studied
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area, the global atmospheric water isotopic line diagram
and the study area of Shush in the flood period and the
dry period have been compared.

Results and Discussion
Investigating the effect of floods on the quantity of water
resources in the Shush study area

Based on the representative hydrograph of Shush
aquifer in the period from October 2016 to September
2018, the general trend of changes in the reservoir level
starts with the beginning of rising in early autumn, and
during a decreasing trend until winter, it increases again
in spring. Rains with high intensity and short duration in
the fall and spring of 2018 and 2019 have caused a
sudden increase in the water level in the Shush aquifer.
The changes in rainfall in the two water years under study
have caused the level of the reservoir to increase by about
one meter at the end of 2018-2019 water year (September
2019) compared to the end of 2017-2018 water year
(September 2018). The lowest water level of the reservoir
can be seen in the level map of October 2018, which is
approximately two meters higher than the lowest water
level of the reservoir in October 2019 and June 2018 due
to the positive effect of floods on the level of the
reservoir. In the map of water level changes in June 2018
compared to October 2018, there is a drop in the water
level and in some places, there is an increase in the water
level by 1.06 meters, which is due to the movement of
the flood feeding pulse in the direction of flow from the
north to the south of the aquifer. Due to the effect of
floods on the groundwater level, the maximum depth of
the water table has decreased in October 2018. The
changes in the minimum and maximum depths of the
reservoir water level have ranged from about 15 meters
in the dry months to about 14 meters in October 2018.

Investigating the impact of floods on the quality of water
resources in the Shush study area

The effect of floods and the increase of water level on
the quality parameters can be seen with the decrease of
the maximum values of EC, SO4, Cl and NOs in the
equivalent value maps of October 2018 compared to May
2018. In other words, a slight increase in water has
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caused the dilution of elements in the groundwater and a
decrease in their concentration. The reason for the
decrease in quality parameters in the southern parts and
in the direction of the groundwater flow is the increase
and accumulation of water in the downstream parts of the
aquifer, which is proven by the decrease in the depth of
the water table in these areas. The decrease in the density
of agricultural land in these areas is another reason for
the decrease in the values of quality parameters.
Comparing the groundwater samples of the study area in
the flood period and the dry period on the Piper diagram
shows that the general distribution of the samples in this
diagram is similar in the two periods. In the dry period
and with the decrease of the flood, the density of the
samples in the graph increases and their qualitative
condition becomes more similar to each other, which is
caused by the increase in the level of the water table and
the different dilution of the groundwater in different parts
of the Bar Plain. It is the basis of different penetration of
floods into the aquifer. Examining the type and surface
distribution of water samples in the studied area shows
that more than half of the samples have bicarbonate water
type and other water samples have sulfate water type.
Chloride type was not observed in water samples.

The linear pattern of the combined graphs indicates
the existence of the same feeding source in the
groundwater of Shush aquifer. The existence of waters
with high bicarbonate and low concentrations of other
ions indicates the youth of the groundwater and the low
retention time of the water in the aquifer. In general, in
the combined graphs of the flood period, a relative
increase in the concentration of substances soluble in
water can be seen compared to the dry period. This
increase in the main ions can be attributed to the strong
nutritional pulses of the flood, which disturbs the
chemical balance of the groundwater and brings the
mixing of sedimented materials in the aquifer.

The results of the measurement of ¥0/*O and D/H
isotopes in the water samples of the Shush study area
show that during the flood period, all the samples follow
the local line of precipitation, which indicates that the
aquifer is fed by the flood. In this period, there is no
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possibility of significant evaporation due to the higher
volume of precipitation and the high flow of floods. In
the dry period, probably due to evaporation, the samples
are more scattered than the local precipitation line.

Conclusions

The results of drawing the representative hydrograph
of the Shush Plain aquifer show that the changes in
rainfall have increased the level of the reservoir level at
the end of the water year 2018-2019 (September 2019)
compared to the end of the water year 2017-2018
(September 2018) by about one meter. The changes in the
reservoir level in May 2019 compared to October 2019
have caused an increase in the water level in the southern
part of the plain, which indicates the movement of the
flood feeding pulse in the direction of the flow. Due to
the effect of floods on the groundwater level, the
maximum depth of the water table decreases in October
2019, and the changes of the minimum and maximum
depth of the water table go from about 15 meters in the
months of the dry period to about 14 meters in October.

Examining qualitative parameters and distribution
maps of EC, SO, Cl and NO3 parameters for May 2019
and October 2019 in the Shush aquifer shows a similar
situation. The reason for the decrease in quality
parameters in the southern parts and in the direction of
the groundwater flow is the increase and accumulation of
water in the downstream parts of the aquifer, which is
associated with the decrease in the depth of the water
table in these areas. According to Piper's diagram, the
Dez River and the eastern samples of the plain that are
affected by the Dez River; they have a calcic bicarbonate
type and facies, and the Karkhe River has a calcic sulfate
type and facies. Around the Shaver River, which is the
place where the drainage of the aquifer begins, contrary
to the usual process of groundwater evolution, the type
and facies of the water is non-carbonate calcic, which
shows the new feeding from the flood. In the combined
graphs of the flood period, a relative increase in the
concentration of substances soluble in water can be seen
compared to the dry period. This increase in the main
ions can be attributed to the strong nutritional pulses of
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the flood, which disturbs the chemical balance of the
groundwater and brings the mixing of sedimented
materials in the aquifer.

The almost positive relationship in the combination
diagram of nitrate versus chloride ion indicates the
existence of the impact of agricultural activities on the
quality of groundwater in the Shush aquifer. In the
Schuler diagram related to flood and dry periods, only
one sample is in the inappropriate range in terms of TDS,
and the other samples are suitable for drinking in both
periods. According to the Wilcox diagram, only one
sample is unsuitable for agriculture in both dry and flood
periods. Based on the calculated RSC ratio, all samples
are in good condition in both flood and dry periods.
According to the conducted isotopic studies, due to the
fact that the excess deuterium in the water samples of the
Shush plain is less than 10 ppm, the evaporation process
is dominant in the area. In the flood period, all the
samples follow the local line of precipitation, which
indicates that the aquifer is fed by the flood, and in the
dry period, due to evaporation, the samples are more
scattered than the local line of precipitation.
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Fig. 2. Representative hydrograph of the Shush aquifer - October 2017 to September 2019
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Table 1. The results of chemical analysis of water samples during the flood period, ion concentration in meg/l (May 2019)

. UT™M TDS
Location ID X Y NOs SOs ClI HCOs Na K Mg Ca (mgll) pH  EC (us/cm)
Hor well SH1 254707 3559298 0.13 1.64 141 3.06 18 001 157 272 402 79 659
Dez River- SH2 248872 3570118 0.12 118 067 2.87 083 001 101 28 301 79 494
Hamid Abad
f\gﬁ‘fh Artesian gy 1q 239461 3565473 0.13 242 1 26 222 001 121 267 415 8 649
Egjrg:]eh MIVer- spa 236744 3565722 0.16 653 246 2.64 274 002 185 742 799 7.8 1211
Avan SH5 228199 3585225 0.66 1844 291 219 442 001 81 119 1516 7.6 2230
Agriculture
Avan Plain SH6 226851 3580031 0.35 2428 6.82 2.5 1318 002 1028 1159 2182 7.7 3210
Avan SH7 232572 3569930 0.26 649 312 273 472 00l 322 48 83 8 1308
Agriculture
Karkheh SH8 232457 3591516 0.16 6.36 249 255 272 002 18 712 776 81 1176
Downstream
Dez River-

SH9 264485 3593805 0.1 1 062 278 076 001 092 266 287 81 456
Mokhtar
Radadeh Spring SH10 238066 3574326 0.14 139 16 171 134 00l 107 226 328 78 513
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Table 2. The results of chemical analysis of water samples of the Shush plain in the dry period, the concentration of ions in meg/I

(October 2019)
. UT™M TDS EC
Location ID % v NOs SOs Cl HCOs Na K Mg Ca (me/l) p (us/em)
Hor well SH1 254707 3559298 0.12 1.51 131 377 1.73 001 147 259 380 7.9 619
Dez River- SH2 248872 3570118 0.15 147 132 3.09 149 001 129 304 388 78 625
Hamid Abad
\?VZ‘I‘ISh ATtesian o ia 930461 3565473 0.2 223 089 312 204 001 111 242 384 8 605
Egjrmeh MVEI" sS4 236744 3565722 0.15 55 299 259 346 005 198 601 797 7.7 1205
Avan SH5 228199 3585225 0.52 12.76 224 281 3.74 001 508 898 1185 8 1717
Agriculture
Avan Plain SH6 226851 3580031 0.31 21.86 624 195 12.02 0.06 9.62 10.86 2149 7.6 3070
ﬁ"a.” SH7 232572 3569930 0.33 899 3.59 251 55 001 428 6317 1084 7.7 1613
griculture
Karkheh
SH8 232457 3591516 0.15 5 281 285 311 001 188 574 743 78 1125
Downstream
Dez River- SHO 264485 3593805 0.05 121 122 271 13 001 095 298 344 7.8 554
Mokhtar
Radadeh Spring SH10 238066 3574326 0.19 2.02 252 297 206 001 17 358 517 7.6 802
Hamzeh Village SHI1 241296 3560735 0.13 399 1.77 293 3.05 001 216 3.85 617 78 925
Sheikh Eisa ~ SHI2 243005 3558391 0.19 2.6 1.8 356 329 001 205 3.02 563 78 860
Seiyed Razi ~ SHI3 246156 3565523 036 245 221 412 281 001 259 328 619 81 954
Morad Hadi ~ SHI6 246818 3563394 0.12 161 1.6 502 216 001 242 316 524 77 810
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Fig. 7. Nitrate map of the Shush groundwater in May 2019 (Right) and October 2019 (Left)
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Fig. 9. The scatter graphs of bicarbonate ion concentration vs. TDI in flood (right) and dry (left) periods
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Table 3. The results of isotopic analysis of the Shush plain water samples in the dry period (October 2019)

Sample ID 0'%/0!8 D/H
SH1 -6.32 -25.02
SH2 -6.31 -20.31
SH3 -4.39 -10.25
SH4 -5.21 -23.5
SHS -2.81 -8.7
SH6 -3.39 -13.69
SH7 -3.64 -13.96
SHS8 -4.91 -20.85
SH9 -6.03 -24.42
SH10 -4.65 -18.05
SH11 -5.5 -13.79
SH12 -5.4 -18.77
SH13 -6.14 -19.82
SH16 -5.18 -24.13
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Table 4. The results of isotopic analysis of the Shush plain water samples in flood period (May 2019)

Sample ID 0/018 D/H
SH1 -5.5 -32.85
SH2 -5.21 -31.01
SH3 -4.13 -24.61
SH4 -4.61 -29.46
SH5 -2.73 -17.23
SH6 -3.42 -21.52
SH7 -3.86 -23.68
SHS -4.73 -30.38
SH9 -5.51 -33.48
SH10 -4.55 -26.63
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Fig. 11. Comparison of the water isotopic line and samples of the Shush aquifer in flood (right) and dry (left) periods
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