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Extended Abstract

Introduction

Currently, water shortage is one of the challenges that has affected many regions, especially arid areas,
due to population growth and irrational and unscientific use of water. So that excessive use of water from
wells, the groundwater level has been lowered significantly, resulting in a decrease in the water flow of
aqueducts and wells, and even the loss of some of these water resources. In order to solve the problem of
water scarcity for various purposes such as providing agricultural water resources, permeability water into
the groundwater table, increasing the vegetation cover, improving the environment, etc., earthen dams have
been constructed in some susceptible areas, including arid regions. However, sedimentation in the reservoirs
of these structures and subsequent disruption of the rate of infiltration into the ground is one of the problems
that the construction of such dams brings. On the other hand, the factors that disrupt the infiltration of water
into the groundwater table are sedimentation in the reservoirs of these earthen dams, which in some places
turn into evaporation ponds due to the accumulation of sediment inside their reservoirs. Sedimentation of
materials inside dam reservoirs is the result of sedimentation of materials carried by tributaries and reduces
their permeability capacity. The intensity of this sedimentation process depends on the roughness of the
watershed, its use, soil types, and the intensity and duration of rainfall. The type and location of the reservoir,
as well as the hydrological regime of the river, also play an important role in this regard. So that their capacity
may be reduced by up to 80 percent and cause the reservoir to lose its water storage function. In addition to
the fact that these sediments play an effective role in reducing the volume of reservoirs, another important
aspect is their pollution. The chemical composition of the sediments depends on the type of soils in the
watershed, their agricultural use, and also the type of industry in the region. Considering that Sistan is one of
the regions facing a water crisis and that numerous earthen dams have been constructed in its western
highlands, there is a need to investigate the performance of these structures regarding their permeability status
with the witness area so that, if necessary, reforms can be made for their optimal exploitation. Therefore, this
research was conducted in the reservoirs of dams constructed in the western highlands of Sistan.

Methodology
To carry out this experiment, five earthen dams in the region, which were constructed in the 1970s,

were selected and the amount of aging infiltration from the reservoir of these constructed dams and the
control area was measured at different depths based on the standard double cylinder method at different
times. By sampling the soil of the studied treatments, the physical properties of the soil samples were also
determined.

INg


https://orcid.org/0000-0002-9930-0139
https://orcid.org/0000-0002-1115-5353

The effect of sediment depth in recharging earthen dam reservoirs on particle...

Results and Discussion

The results showed that the infiltration rate in the control area was on average 1.2 times higher than the
reservoir of the constructed dams, which showed a significant difference at the one percent level. In addition,
the cumulative infiltration of the control area was also higher than that of the dam reservoirs and was
statistically significant at the 5% level (p < 0.05). In examining the effect of accumulated sediments on soil
particle size distribution, the findings showed that the percentage of clay, silt, and sand in the soil of earthen
dam reservoirs had a significant difference compared to the control area at sampling depths (p < 0.05). The
percentage of clay and silt increased by 14.2 and 3.2 times, respectively, compared to the control area, which
consequently caused a change in soil texture from sandy class (control area) to clay loam in the earthen dam
reservoir. Changes in the weighted average diameter (MWD) index in the studied treatments also indicated
an 18-fold decrease in this index in the earthen dam reservoir compared to the control area. The results of
multiple regression analysis to determine the most important factors affecting soil permeability also indicated
that the percentage of sand accounted for 96% of the changes in soil permeability in the studied treatments.

Conclusions

The construction of an earthen dam increases the recharge of underground aquifers, which has a
favorable effect on the water supply of wells and aqueducts, which in turn plays an effective role in increasing
employment generation, improving the living conditions of watershed residents, and reducing their socio-
economic problems. However, due to the lack of proper management of the sediments accumulated in the
reservoirs of these dams, after several floods entered the reservoirs of these dams, their permeability has
decreased significantly, and after a few years of water withdrawal, their reservoirs have become evaporation
ponds, and a large part of the water entering these reservoirs evaporates and becomes unavailable without
being used. The results of this study also showed that with the accumulation of sediments resulting from the
entry of floods into these areas and the change in the physical properties and stability indices of soil
aggregates, the permeability of these areas has decreased significantly. In addition, with the accumulation of
sediments in the reservoirs of dams and their rising levels, their overflows are easily destroyed, which has
led to the intensification of water erosion in the studied areas.
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Table 2 - Comparison of the mean (standard error + mean) of some soil physical properties in the studied treatments

collection site Cuild p Joxo

&> e F jlais bl adlie SB Wy 35
o . ) (cm) iliseo (g1 Gos 33 suiio
Significant level F value Witness area Dam reservoir
Variable at different depths (cm)
0.000 59.91 80.1 (1.24)? 121 1.2)9 sand (/)
0.000 7.3 18.1 (x2.1)¢4 32.1@x2.1)° silt(/) el
0.000 24.7 3.9 2.24)¢ 55.9 (+ 2.2)° clay(/) e,
0.000 4.3 53@*3.2)° 119 (+3.2)® y -
( ) ( ) (%) adgl cugho, g _':

Initial Soil Moisture (%) S
0.000 311 34.1(£1.1)2 23.1(£1.2)° (%) bl cagb, & %

Saturated percentage (%)

a b
0.021 311 15 (0.1%) 1.21(0.1%) (0r.0mF) ogascs s
Balk Density

0.000 36.11 64.1(+3.2) 18 (1)« sand(/) o
0.000 11.31 20.1 (£2.5f 421 #1.1)° Silt{/) cdows
0.000 9.21 14.9 (£ 2.5)¢ 39.9 (£ 4.2)" clay(’) Lo,
0.000 3.7 6.1(x2.2)" 109 (£3.2)° () adg) g g l;

Initial Soil Moisture (%) o B
0.000 28.1 35.1 (£2.1)° 22.1(£1.1)° () eled] Cagb 8 (§,

Saturated percentage (%)

a b . .

0.047 21 1.46 (0.2%) 122(0.1%) r.cm-¥) o s

Balk Density
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Fig. 2- Determination of soil texture of samples taken in the study area
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Fig. 3 - Comparison of the average weighted average diameter (MWD) index in the earthen dam reservoir and the
control area
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Table 3 - Infiltration characteristics (cm) in the sediment surface of the reservoirs of the tested dams

Jgb swoyr 0
Job ao Vo Job so Yo 8,193 L Z
Yool Y sald Ay e 3 £
Xy Dy i Cila  Joo g
Control Control ) 50% ) Test site s %
area 2 area 1 75% Sediment Sediment 25% Sediment Next to § {
length length dam 3
length
Soi5 sy (ke
24 2.3 1.1 1 1.7 1.9 Average penetration
speed \
5 e
17 16 5.7 48 93 10.4 e
Ccumulative influence
355 sy 1Sk
2.5 24 12 14 19 2 Average penetration
speed v
5 i
17.7 17 6.6 7.7 10.45 11 e
Ccumulative influence
S5 sy (i Sike
23 24 12 15 18 17 Average penetration
speed )
5 e
16.3 17 6.6 8.2 9.9 9.3 e
Ccumulative influence
Syhi o S0l
2.7 25 14 12 16 21 Average penetration
speed ¥
5 i
19.1 17.7 7.7 6.6 8.7 115 e
Ccumulative influence
355 sy (1Sl
2.7 26 15 14 18 21 Average penetration
speed o
5 i
184 18.1 9.9 7.1 9.3 11.8 e

Ccumulative influence
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Fig. 5 - Base penetration curve at different levels of earthen dam reservoir No. 1 and the control area (A: Base
penetration curve at the foot of the dam wall, B: Base penetration curve at the bottom of the dam wall) C: Base
penetration curve at 50% of the dam length, D: Base penetration curve at 75% of the dam length, E: Base penetration
curve in control 1 and C: Base penetration curve in control 2)
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Table 4- Analysis of variance of the effect of soil barrier, depth and harvesting location on soil permeability
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dam reservoir
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Table 5 - Model Coefficients of regression analysis of surface permeability in treatments with soil physical properties
(percentage of sand, silt, clay and MWD index

J Bt 3, ilinw] i 2 3, g pi>
o
Unstandardized Coefficients Standardized Coefficients 5 ye0s] RN
Model — " o ¢ .
B )lg,m s.9|).>u, w t Sig
Std. Error Beta

Sand 0.12 0.53 0.983 2.156 0.01

Silt -0.034 0.13 -1.083 -2.61 0.042
Clay -0.029 021 -1.012 -1.379 0.026
MWD 1.803 0.45 0.651 2.98 0.07

S (So5ud B S ig Wadlie b jlon ;3 (S (6103085 (4l 05 4 0 (yoamw 5 ) & 320 il N Jgu
(MWD uawa 90V cdow ‘U‘M’ M)b)

Table 6 - Results of stepwise regression analysis of surface permeability in treatments with soil physical properties
(percentage of sand, silt, clay and MWD index)
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