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Introduction

The recent growth in population has led to an increase in food supply requirements which, in turn,
has resulted in an increase in groundwater exploitation. In areas where fresh and saline aquifers are
adjacent, the overexploitation of fresh groundwater leads to a decrease in fresh ground water level
and, as a result hydraulic gradient of saline groundwater towards fresh groundwater increases.
Also, a decrease in fresh groundwater level leads to a decrease in the plain discharge. This way,
the saline water cannot exit the plain and pressure head rises leading to extra waterlogging and
salinization. Interception drain is an effective solution to intercept saline flow and discharge it out
of the plain. In effect, the drainage system reduces saline water table level and prevents
waterlogging and salinization. Salt marshes of Qazvin plain, located in the south-east of Qazvin, is
facing the same problem and saline soil areas in the region have accordingly increased 10000 ha
in recent years (Saman Abrah and Kamab Pars engineers, 2010). An interception drain system was
thus implemented in the study area in order to reduce the saline water table level and prevent
waterlogging and salinization. Following the construction of the drain in the region, 99 observation
wells were also drilled around the drain in 9 sections (A-1) such that each row has 11 observation
wells so as to monitor the groundwater fluctuation and salinity. At each section, 7 wells were
located on the upslope and the remaining 4 wells were on the downslope (Sotoodehnia et al, 2014).
However, it takes a lot of money and time to measure water table level and salinity from
observation wells continuously. Modelling is indeed a cost-effective way to predict the water table
level and salinity in future. HYDRUS is a powerful tool that can be used to simulate and monitor
the drain situation reliably, but it should be calibrated for the study area. Calibration of HYDRUS
means estimating soil hydraulic and solute transport parameters that can be done with HYDRUS
inverse solution ability. Using HYDRUS-2D, Abbasi and Tajik (2007) estimated both soil
hydraulic and solute transport parameters in the field scale. They also compared the measured and
simulated values of soil moisture and salinity. Though soil moisture was almost overestimated, and
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salinity was almost underestimated, the results showed that the errors were small and the model
was accurately calibrated (Abbasi and Tajik, 2007). The main objective of this study was thus to
assess HYDRUS-2D ability for simulating solute transport in a very saline aquifer in the study
area, and also to consider saturated and unsaturated regions simultaneously. Moreover, this study
employed HYDRUS-2D to simulate salinity transport in the areas where the amounts of salinity
was extremely high. According to Latifi et al. (2020), evaporation is an effective factor in
groundwater fluctuations.

This study also examines the effect of evaporation and aquifer thickness in an inverse solution.
Aquifer thickness and evaporation have an important effect on the inverse solution due to the
statistical indexes involved. Thus, some statistical indexes were carried out to assess the accuracy
of calibration, and the results showed that the model was calibrated accurately.

Methodology

To assess the ability of HYDRUS for simulating water table level and salinity it should be
calibrated by estimating soil hydrualic and solute transport parameters. To this end, a model
geometry was defined as a rectangle with 500 m length and 107 m depth. Drain channel was
trapezoidal with a depth of 3m and 2m wide at the bottom and was located in the middle. Also, this
geometry was defined with different thicknesses (8, 32 and 107) in order to assess the effect of
aquifer thickness in an inverse solution. Then, other input data including precipitation, evaporation,
soil properties and input fluxes from the upward and downward of the drain were entered.
Moreover, the measured water table level and salinity data from August to December 2010 were
used as the inverse solution data. Evaporation was calculated by separating it from
evapotranspiration using the Aqua crop model. Besides, in one case evaporation was assumed to
be zero in order to assess the effect of evaporation in the inverse solution. Defined geometry and
boundary conditions used in this study are illustrated in Fig.(1).
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Fig. 1- Interception drain geometry
* 1. atmospheric BC., 2- seepage face BC., 3-upstream Var.flux BC., 4- Downstream
Var.flux BC., 5- No-flux BC.

Then, sensitive soil hydraulic and solute transport parameters were recognized through
sensitivity analysis by using the equations (1). 10, 20. This way, 30% of the parameters were added
to and subtracted from the initial amount and entered as input. The sensitivity index was obtained
from running the model and was evaluated in order to determine the rate of sensitivity.

[(02—01)/0]
Sl = —""—— 1
[(2—-i1)/1] @)

04,0, and o are primary, secondary, and average outputs, while i;, i, and Tare primary,
secondary and average inputs, respectively (Hamidpour et al., 2012). Accordingly, if SI<0, the
parameter is not sensitive, if 0<SI<0.5, the parameter has low sensitivity, if 0.5<SI<1, the
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parameter is semi-sensitive, and if SI>1 the parameter is sensitive. Using 70% of data from August
to December 2010 HYDRUS, the software was calibrated. Afterwards, the calibrated model was
run for 30% of the remaining data so as to carry out validation and draw a comparison between the
simulated and measured values over the 5 months. Some statistical indices were then calculated in
order to assess the effectiveness of the calibrated model. These indices include: NRMSE, ME,
R?and CRM that can be calculated by equations (2) to (5).

s 0= 0"
NRMSE = 2)
2 < n(Exy) — (Z0)(E ) ) @)
JnXx?2 —Ex)?[nXy? - Cy)?]
ME = Max|o; — p;| (4)
CRM = 10n 0_1 =1 P (5)
i=1"Y1

In these equations, p; is the simulated value, o; is the observed value, and n is the number of
data. Likewise, in equation 3, X is the first set of input data and vy is the second set of input data. If
all the simulated values were equal to the observed values, these indices were equal to 0, 1, 0 and
0, respectively. In turn, if the indexes have standard values, the model is accurately calibrated and
can be used for monitoring the drain operation. Also, if the results showed that the interception
drain can control salinity expansion it can be used as a solution for other areas facing the same
problem.

Results and Discussion
By means of equation 1, sensitive and semi-sensitive parameters were found to be residual soil
water content (6,.), saturated soil water content (6s), empirical shape factors o (m~1), n and
saturated hydraulic conductivity ( K;(m day~1)), longitudinal dispersion (Disp.L (m)) and
transversal dispersion (Disp.T (m)). The results of statistical index are shown in Figure (2).
Furthermore, the results of assessing the effect of water table thickness and evaporation in the
inverse solution are shown in Table (1) and (2), respectively.

Conclusions

Evaporation in clay soils has an important effect on simulating groundwater fluctuation and
salinity. As the results showed, the model was accurately calibrated for the study area and both
water table fluctuation and salinity could be simulated and monitored reliably. Furthermore, the
results of statistical indexes showed that the aquifer thickness had an important role in the inverse
solution and the whole aquifer thickness should be thus considered. In addition, the saturated and
unsaturated areas should be simulated simultaneously as the model accuracy increased in the
unsaturated areas.
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Fig. 2- Correlation and statistical indexes between the observed and simulated water table
level and GW salinity (a: Water table level calibration, b: Water table level validation, c:
GW salinity calibration, d: GW salinity validation)

Table 1- Results of the statistical indexes for the inverse solution in the control volume with
different thicknesses

CRM R? NRMSE ME Aquifer thickness(m) No
-0.02 0.3 0.15 0.366 8 1
-0.0046 0.45 0.056 0.355 32 2
-0.0005 0.7 0.001 0.114 107 3

Table 2- Results of the statistical indexes for the inverse solution in 2 conditions with
evaporation and without it

CRM R? NRMSE ME Condition No
-0.0005 0.7 0.001 0.114 With Evp 1
-0.001 0.64 0.0013 0.248 Without EVVP 2
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* 1: atmospheric BC., 2- seepage face BC., 3-upstream Var.flux BC., 4- Downstream Var.flux BC., 5- No-

flux BC.
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Table 1- Results of statistical indexes for inverse solution in control volume with different

thicknesses
No Aquifer thickness(m) NRMSE R? CRM
1 8 0.15 0.3 -0.02
2 32 0.056 0.45 -0.0046
3 107 0.001 0.7 -0.0005
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Table 2- Results of statistical indexes for inverse solution in 2 condition with evaporation and
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