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Figure 1- Location of study site in Iran, Fars Province and inside the floodwater spreading plan. BZ1 is Bisheh
Zard no. 1 system and EW1 to EW3 are experimental wells.
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Figure 2- Moisture characteristic curves of distinctive layers well no. 1 in Bisheh Zard]1.
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(A, soil surface, Sandy Loam with 7% small gravel; B, Sandy Clay Loam layer with 22% gravel; C, Sandy layer with 54% sand and medium gravel;

D, Loamy Sand layer with 66% sand and course gravel; E, Sandy loam layer with 7% 7 small gravel; F, Sandy layer with 53% small gravel; G,
Sathan 1% gravel).
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Table 1- Fiels saturated hydraulic conductivity of representative layes.

Layer Geometric Mean'? No. of
. Corrected for
code Max. Min. All i di (1) ~ measurements
Data Outlier removed sediment con.
K¢/ cm day™

A 88 66 76 76 25 2
B 265 200 230 230 232 2
C 897 897 897 897 897 1
D 481 481 481 481 481 1
E 858 39 240 140 140 6
F 832 70 244 553 553 14
G 626 17 206 72 72 9
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1- Correction for sediment concentration is made by using the Eq (3)
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Figure 3- Time series of soil-water change of some layers for the depths of above 4m of flooding and rainfall

events (Sepember 2010 to September 2020).
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Table 2- Modelling information of the final H1ID and LEACHW running results.

Depths/ cm
. 10 60

Hydraulic parameters i Opt. Opt. i Ot Opt.

' HID LW ' HID LW
0,/ m’m" 0.061 0.061 0.061  0.001 0.001 0.001
0/ m’ m™ 0.34 0.47 0.41 0.34 0.34 0.38
o/ m" 0.01 0.01 0.01 0.02 0.02 0.02
n 2.34 1.43 2.01 1.58 1.44 1.56
K¢/ cm day” 66 497 143 232 914 335
1 0.50 0.50 0.05 0.50 0.50 0.05
b (Campbell) 10.71 - 13.31 8.91 - 11.56

Depths/ cm
. 180 400

Hydraulic parameters - Opt. Opt. - Ot Opt.

' HID LW ' HID LW
0/ m’m" 0.003 0.003 0.003  0.008 0.008 0.008
0/ m’ m™ 0.26 0.42 0.33 0.40 0.39 0.39
o/ m’ 0.31 0.03 0.025 0.05 0.03 0.04
n 1.18 1.50 1.21 1.58 1.34 1.53
K¢/ cm day” 897 377 755 72 248 65
1 0.50 0.50 0.05 0.50 0.50 0.05
b (Campbell) 4.71 - 5.65 1.83 - 231
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The Ini. and opt. were initial and optimized values of the parameters. Initial values for 6, 6, and Kg were based on
measurements and for a and n are generated by RETC parameter fitting on the measured retention data. 8, and 05 were residual
and saturated soil-water content, K¢ was field saturated hydraulic conductivity; o, n and 1 were hydraulic models parameters.

The optimal hydraulic model was determined to be the modified van Genuchten (MVG) model. The layer depths of 10, 60,
180 and 400 cm were equal to the representative layers A, B, C and G. Hld was Hydrus one dimensional and LW LEACHW

model.
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Figure 4- Sensitivity of simulated flux by Hydrus 1D (A and B) and LEACHW (C) models to the deviations in
hydraulic parameters of modified van Genuchten model 0,, K¢ and 1 (A) and 0, a and n (B).
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*Parameters are presented in two graphs because of different magnitudes. S;is sensitivity. The initial value for the n parameter was 1.0 and as the n
value should not be smaller than 1.0, the deviation of 0.5 and 0.75 was resulted in the model failure in convergence.
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Figure 5- Simulated flux in vertical profile (0 -4 meters).
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(A and B) and the cumulative recharge (C and D) for Hydrus 1D and LEACHW, respectively for the period between 16 January to 23 July 2011
period. Dashed line in figures C and D shows the amount of total recharge in the entire period.
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Table 6- Recharge calculations based on soil-water balance and Hydrus model different flooding occurrences

(2010 - 2020).
4 3

o 8 7 6 5 2 1 Row
29 T og0723 960504 950501 941103 920516 91.09.16 __ 90.09.03 89.10.26 Start day
98.09.06  97.0131 __ 96.01.18 95.0220  92.06.10  92.03.04 __ 91.03.06 __ 90.05.08 End day®
43 268 316 107 115 170 123 195 Day number
80.2 00.7 94.50 50.4 05.10 13.16 45.16 80.16 Rain (cm)
. 2
40.64 83.45 32.127 2035 60.43 202 30.6 0035 Flood height (cm)
5156 03.17 91.137 3225 90.24 -85.1 13.6 60.29 SWB
5 3)
25.54 65.14 46.154 99.18 91.22 312 97.7 80.28 HID  Cumulative flow (om)
12.66 78.20 87.166 18.34 16.22 422 4.78 2030 LW
09.84 2332 36.77 78.63 4246 39.9 93.26 14.57 SWB
“@
73.80 7227 65.86 84.47 7142 7411 0135 35.50 HID  Recharge rate (%)
39.98 3339 61.93 10.86 3141 30.12 0121 80.52 LW
3.47 SWB
9.44 HID All events
Average
552 LW of
recharge
1.75 SWB rate (%)
High
7.71 wip e
7.92 Lw
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1-The time of soil-water returning back to the amount before starting the flooding. 2-The height of inundated floodwater
around the experimental well. 3-Positive figures stands for downward flow as infiltration and negatives for upward flow as
ET. 4-Proportional ratio between total height of infiltrated flow to total height of inundated water. SWB is soil water balance,
H1d hydrus one dimensional and LW LEACHW model.
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Table 8- The simulated recharge by the HI1D as compared with the soil-water budget method for different flood

and rainfall events.

Cumulative flow’

Row

LW HID  Observed
30.20 28.80 35.00 1
4.78 7.97 6.13 2
-2.42 -2.31 -1.85 3
22.16 2291 24.90 4
34.18 18.99 25.32 5
166.87  154.46 137.91 6
20.78 14.65 17.03 7

12.66 5425 56.51
42.83 37.46 36.94 Average
54.21 50.10 4434  Standard Deviation
11.37 6.45 RMSE
0.993 0.994 R?
0.925 0.976 NS
28.80 35.00 RMSE/average

A3 NS gy o R el (55 5od) YL & 5, 0l yz ,Sikr i Cendle 5 (o) ol & 5y o Sl St Casdle
e 5o ) Jow LW 5 gy 5 o yuls HId cidSil — i

Positive figures stands for downward flow as infiltration and negatives for upward flow as ET. R? recognition Pearson
coefficient, NS Nash Satklif coefficient, Hld Hydrus one dimensional and LW LEACHW model.

1 -Root Mean Square Error (RMSE)

Vs



U’/’y'.{,ru’ f&}?

welgBel &2 3ol (g jlurdannd )3 oaadged 9 (o (S0 (Seunnlie

170
c Y1=1,220x - 2,236%*
5§ 140 R? = 0,996
2
8
E 110 Y2 =1,126x - 4,148**
2 R? = 0,994
S 80
£
3 A
Q
g 50
°
g &
£ 20 A D
(%]

o
A‘\/
-10
-10 20 50

80

A
(0]
OHID ALW
110 140 170

Observed cumulative flow, cm

.Gloaalice roslo b (Y2) gubiozd 9 (Y1) (il Jowo guli (g lio jlogei —F JSi
Table 6- Comparison of Hydrus and LEACHW models results vs. observed flow.
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Introduction and Goal
The aquifer recharge rate is one of the most difficult items to measure in GW resource evaluation.
The techniques used in quantifying recharge are categorized in three main groups: unsaturated zone,
saturated zone and surface water techniques. The saturated zone method is devided into physical
methods (including Darcy’s law and tracers), numerical modeling (the purpose of this research),
groundwater level fluctuations, and water balance.
Materials and methods

Hydres and LitchW models were used to simulate soil moisture movement to simulate aquifer
recharge in this study. The models were then calibrated by optimizing the water flow factors of the
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aquifer layers in the Gareh Bygon with the inverse solution method. The water characteristics of the
unsaturated soil layer in three wells with an approximate depth of 30 m in one of the floodwater
spreading basins were measured by field and laboratory methods. The soil moisture measuring device,
TDR, was calibrated for the stony soils of the research area The sensors are then placed in holes with
insulated walls from the surface to the depth.walls of oneof the wells Amount of soil-water contents
were continuously measured from Sep. 2010 to Sep. 2020. The height of floodwater inundation and
rainfall were also recorded. Recharge through unsaturated layers was assessed based on the soil water
balance method as the observed data set.

Results and discusion

Validation flow simulation results from the of Hydrus and LEACHW models with observed
measurements. The results showed that the Hydrus and LEACHW model very accurately
estimated the water flow after the flood event (R2 and RMSE equal to 0.994 and 45.3 cm respectively in
Hydrus model and 0.993 and 37.11 cm in LEACHW, respectively). In addition, the results of the
Hydrus model were closer to measurements. The discharge ratio (the amount of infiltration divided by
the amount of flood + precipitation) in the three methods of soil water balance, the Hydrus model and
the LEACHW model were 47, 44 and 52 respectively, with an average of 48 for all flood events and 75,
71 and 92 with an average of 80% for large flood events. In the event of precipitation without flooding,
practically all precipitation was spent on evaporation-transpiration, and for this reason, the size of the
average infiltration ratio decreased in all events.

Conclusion and recommendation

Validation simulated flow results with Hydrus and LEACHW were compared with the observed
measurements, demonstrating that these models accurately estimated the water flow after the flood
event. In addition, , the results of the Hydrus model were closer to measurements. The mean data
of the LEACHW and Hydrus models were overestimated by approximately 5 units less than 1 unit
respectively. In simulations of water movement in soil using models such as Hydrus, a certain amount
of water conductivity for the entire vertical column of the soil profile commonly considered. The
results of this research showed how unrealistic such an assumption is. Therefore, in multi-layer soils,
special attention should be given to the difference between layers and the use of water conductivity
estimation equations. For the researched area, one-dimensional Hydrus model was recalibrated and its
validation results were completely acceptable. This model can be used in three-dimensional mode for
larger areas as a tool for applying different scenarios to manage the floodwater spreading system and
increase their efficiency.

Key words: Artificial recharge, fingering movement , floodwater spreading, Hydrus, LEACHW



