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Introduction

Groundwater is the main source of potable water for more than 1.5 billion people throughout the
world, including arid and semi-arid regions like Iran. Literature review showed that there is no use of
the dimensional similitude and physical modelling for estimating seepage from channels and its
effect on the groundwater, yet. Thus, in order to better understand this phenomenon, the current study
aimed at investigating the effects of infiltration and seepage on the groundwater recharge at different
water level depths. Numerous studies have been conducted to assess the groundwater recharge, such
as Yin et al. (2011) that utilized some methods such as the water table fluctuation method and the
Darcian flux and water balance method in China. Similarly, using data from some irrigation projects
and piezometric level data, Ochoa et al. (2013) evaluated the effects of seepage on the groundwater
recharge in New Mexico. Moreover, Demlie (2015) compared the water balance method and the
chloride mass balance method to quantify and investigate the groundwater recharge in Ethiopia. In
the current research, the earth channel of Boldaji with loamy soil, located in Borujen city,
Chaharmahal and Bakhtiari province, was chosen as the prototype. The dimensions of such a channel
were transmitted to laboratory models at soil mechanics lab at Shahrekord University. Using
dimensional similitude equations, 9 discharges (40-161 I/s) and 4 water-table depths (0.75, 0.8, 0.85
and 0.9 m from soil surface) were converted to the applicable discharges of the model. The results of
the laboratory physical model showed that the infiltrated water raised the groundwater 3.5-11 cm.
The values of recharged groundwater were, in turn, calculated by means of water balance method and
the results showed no suitable estimates of such a method for the trapezoid and triangle cross-
sections.

Methodology
Study Area

The earth channel of Boldaji with loamy soil, located in Borujen city, Chaharmahal and Bakhtiari
province, was chosen as the prototype in this research. The soil texture was determined using
hydrometer method (Gee and Bauder, 1979). The findings showed 44.5 % sand, 29.5 % silt, and 26
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% clay. According to the USDA soil classification method, the texture was obtained as loam, which
was constant to the depth of water table (6.79 m from the soil surface). Considering 0.13 as the scale
ratio, the dimensions of this channel were transmitted to the laboratory model. Using dimensional
similitude equations, 9 discharges (40-161 L/s) and 4 water-table depths (0.75, 0.8, 0.85 and 0.9 m
from the soil surface) were converted to the applicable discharges of the model. All experiments
were carried out for the trapezoid and triangle cross-sections with 3 replications.

Seepage determination

Canal dimensions were converted to the model based on the dimensional similitude relations
using the appropriate scales. In turn, a range of discharges was used to determine the seepage losses.
They were 0.25, 0.3, 0.36, 0.43, 0.49, 0.55, 0.61, 0.8 and 1.0 | s* in the model, which were chosen
with respect to the limitations of the laboratory model. In order to minimize the scale effects on the
results of the physical modelling, the Reynolds number and Weber number were controlled so that
they were in the acceptable range (Reynolds number >105 and Weber number >100) (Chanson,
2004).

Results and Discussion

All the experiments lasted 4 hours, and the inflow was stopped in the 3™ hour. After this time, the
gradient of raising groundwater level was lower than that of before. The results of the laboratory
physical model showed that the seepage raised the groundwater level. In the studied models, the
infiltrated water raised the groundwater 3.5 (Q=0.25 I/s) to 11 (Q=1 I/s) cm.
The R? values for the triangle section (except for the water level of 0.9) were always higher than 0.8,
which was more than the trapezoid section. Besides, this findings showed a better correlation
between the calculated recharge by water balance method and the measured values.
The values of the recharged groundwater were calculated by means of the water balance method. The
results showed no suitable estimates of such a method for the trapezoid and triangle cross-sections
(R? was more than 0.72 and 0.62; RMSE was more than 166 and 157; and MAE was higher than 154
and 142, for the trapezoid and triangle sections, respectively). Thus, this method is not recommended
for Borujen region. This conclusion is not in line with that of Demlie (2015), and Willis et al. (1997)
reporting that the water balance method showed appropriate results for the single-event irrigation.
Raising the groundwater between 3.5 and 11 cm in the current study represented a significant effect
of seepage on the groundwater recharge, which is in accordance with the results of Meijer et al.
(2006) and Fernald and Guldan (2006).

Conclusions

The results of the laboratory physical model showed that the infiltrated water raised the
groundwater 3.5-11 cm. The values of recharged groundwater were calculated by means of the water
balance method. The findings showed no suitable estimates of such a method (R? was more than 0.72
and 0.62; RMSE was more than 166 and 157; and MAE was higher than 154 and 142, for the
trapezoid and triangle sections, respectively) for Borujen region. Due to the time and cost limitations,
we just used two cross-sections. It is, thus, recommended that other researchers apply other shapes of
the sections for further research. Tracers are, indeed, the options to suggest for estimating recharge in
future studies.
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Fig. 3- Water table fluctuations after the beginning of test for water table depth of 0.85 m and trapezoid
section (Inflow was ceased on the third hour)
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Fig. 4- Water table fluctuations after the beginning of test for water table depth of 0.85 m and triangle
section (Inflow was ceased on the third hour)
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Table 3- Average values of soil moisture, recharge and increase in calculated and measured water table
depth (Test duration: 4 hours)

Water
Row table Section I?I';;\)N OFEIS(;W gvl 0v2 AS [ At Re(I:_h/arge dnea ANimeas
(m) (%) (%) (Lss) (Lfs) (cm) (cm)
1 0.9 Trapezoid 0.25 0.23 2.80 31.9 0.0159 0.0032 88.16 35
2 0.9 Trapezoid 0.30 0.28 3.45 32.9 0.0161 0.0040 107.97 4.3
3 0.9 Trapezoid 0.36 0.34 3.65 31.9 0.0154 0.0046 124.50 48
4 0.9 Trapezoid 0.43 0.41 3.90 33.0 0.0159 0.0041 11.84 6.4
5 0.9 Trapezoid 0.49 0.47 4.40 33.2 0.0157 0.0071 195.55 7.7
6 0.9 Trapezoid 0.55 0.53 4.55 321 0.0151 0.0049 134.92 8.5
7 0.9 Trapezoid 0.61 0.59 4.60 30.7 0.0143 0.0057 156.52 9.2
8 0.9 Trapezoid 0.80 0.77 4.75 36.4 0.0173 0.0098 267.16 10.6
9 0.9 Trapezoid 1.00 0.97 4.20 36.6 0.0177 0.0100 272.38 11.0
R? - - - - - - - - 0.76 -
RMSE - - - - - - - - 166.4 -
MAE - - - - - - - - 154.4 -
t - - - - - - - - 7.037™ -
R? B B R : : - 0.794 B
RMSE - - - - - - 1725 -
MAE - - - - - - 162.8 -
t - - - - - - 8.075™ -
R? R R - - - - 779 -
RMSE - - - - - - 167.4 -
MAE - - - - - - 156.0 -
t - - - - - - 7.27" -
R? - - - R R - 0.726 -
RMSE - - - - - - 1775 -
MAE - - - - - - 168.3 -
t - - - - - - 8.407" -
10 0.9 Triangle 0.25 0.23 2.72 32.2 0.0161 0.0031 84.44 34
11 0.9 Triangle 0.30 0.28 3.25 33.2 0.0164 0.0039 104.99 4.3
12 0.9 Triangle 0.36 0.34 35 33.3 0.0163 0.0037 101.42 4.8
13 0.9 Triangle 0.43 0.41 3.85 33.4 0.0161 0.0039 105.14 6.4
14 0.9 Triangle 0.49 0.47 4.4 335 0.0159 0.0069 187.49 7.5
15 0.9 Triangle 0.55 0.53 4.42 33.6 0.0159 0.0041 110.65 8.4
16 0.9 Triangle 0.61 0.59 4.52 33.65 0.0159 0.0041 111.39 9.1
17 0.9 Triangle 0.80 0.77 4.75 36.7 0.0175 0.0099 269.69 10.7
18 0.9 Triangle 1.00 0.97 6.8 37.1 0.0166 0.0100 271.33 10.8
R? - - - - - - - - 0.621 -
RMSE - - - - - - - - 157.8 -
MAE - - - - - - - - 1423 -
t - - - - - - - - 5.916™ -
R? - - - : : - 0.808 -
RMSE - - - - - - 184.4 -
MAE - - - - - - 176.5 -
t - - - - - - 9.374" -
R? - - - y y - 0.859 -
RMSE - - - - - - 1747 -
MAE - - - - - - 164.7 -
t - - - - - - 7.989” -
R? - - - . . - 0.834 -
RMSE - - - - - - 1805 -
MAE - - - - - - 1713 -
t - - - - - - 8.494™ -

9\,1: Average of initial moisture (min), 9\,2 . Average of final moisture (max), AS | At rate of change in soil moisture storage,

dhecai: calculated increase in water table depth, dhiess: measured increase in water table depth, R?: Coefficient of determination, RMSE: root
mean square error, MAE: mean absolute error, t: t statistic for calculated against measured increased depth, ™ significant in 1% level.
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