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ABSTRACT

Artificial recharge can play an important role in strengthening and sustaining underground water. It is important to choose the right method for
artificial recharge according to the conditions. The present study focused on investigating the effect of conduit dimensions on the level of
infiltration capacity in an unsaturated environment. For this purpose, a physical model was created. Initially, water with a flow rate of 2.2 liters
per minute entered the conduit at a depth of 10 centimeters, a width of 8 centimeters, and a length of 80 centimeters. Then the depth of the
conduit was kept constant, and the width of the conduit was varied to 0.5, 0.75, 1.25, and 1.5 times. Subsequently, the width of the conduit was
kept constant, and the depth of the conduit was varied to 0.5, 0.75, 1.25, and 1.5 times. The output flow rate from the model was measured at
all mentioned stages. The results indicated that changes in the output flow rate from the model due to variations in the depth of the conduit
compared to variations in the width of the conduit are more significant. Additionally, the results showed that the trends of changes in the
volume of the conduit and the infiltration area of the conduit compared to the trends of changes in the output flow rate from the model are
greater. The trends of changes in the volume of the conduit compared to the trends of changes in the output flow rate from the model for
changes in the depth of the conduit and the trends of changes in the output flow rate from the model for changes in the width of the conduit are
7 and 25 times, respectively. The trend of changes in the infiltration area of the conduit for changes in the depth of the conduit compared to the
trend of changes in the output flow rate from the model was calculated to be 5 times. Furthermore, the trend of changes in the infiltration area
of the conduit for changes in the width of the conduit compared to the trend of changes in the output flow rate from the model was found to be
7 times.
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1. Introduction

The urgent and increasing human need for water resources around the world, especially in arid and semi-arid regions, has focused more
attention on researching new methods of storing and reusing groundwater and surface water (Karim, 2018). In order to design a suitable
artificial recharge method, sufficient information about the distribution of water flow in the soil is required. On the other hand, researching
water flow distribution in porous media without modeling field conditions is time-consuming and costly. The purpose of this research is to
investigate the effect of trench dimensions on infiltration capacity in unsaturated environment and to introduce artificial recharge method
suitable for desert areas

2. Materials and Methods

In order to achieve the goals of this research, the physical model was built in the hydraulic laboratory of Birjand University. In the conducted
tests, the depth and width of the trench (separately) were variable and other fixed factors were considered. Considering that the purpose of this
research is to investigate the effect of trench dimensions on the amount of infiltration capacity in an unsaturated environment. Therefore, in the
first stage, water with a flow rate of 2.2 liters per minute entered the trench with a depth of 10 cm, a width of 8 cm and a length of 80 cm (the
length of the trench was constant in all the experiments) and the volume of water exiting from the measurement model became. In the next
step, keeping the depth of the trench constant, the width of the trench was 0.5, 0.75, 1.25, and 1.5 times, and the volume of water coming out
of the model was measured for different widths. Also, considering the width of the trench as fixed, the depth of the trench was changed with
the mentioned ratios. After the water reached the stagnation level, the output water volume was measured at 5-minute intervals for 60 minutes
for all the inlet flow rates of the model. Then, after 60 minutes, the output water volume (V_out) from the model was measured for another 30
minutes. Then the inlet flow was stopped and the output flow rate from the model was measured at 5 minute intervals for another 120 minutes.

3.Results and Discussion

The amount of Q.. is directly affected by the changes in depth and width of the trench. In equal volumes, in cases where the ratio of depth to
width is greater, the value of Q,,. is greater.In Figure 1, the trend of changes in the volume of the trench with the trend of changes in the flow
output from the model according to the changes in the depth of the trench and also the changes in the width of the trench are examined. The
results have shown that the slope of changes in the volume of the trench is not proportional to the slope of the output flow and shows a higher
value. The slope of changes in trench volume is 20%, while the slope of changes in output flow is 2.8%, and the slope of changes in output
flow is 0.8%. This shows that depth changes are more effective than trench width changes in increasing the amount of infiltration.
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Figure 1. Examining the changes in the volume of the trench and the changes in the output current according to the changes in the depth and
width of the trench

Also, the effects of the infiltration level on the output flow rate from the tank were investigated. Investigations show that the trend of changes
in the trench level changes with a greater slope than the trend of the output flow rate from the model. The slope of the trench surface change
trend was calculated as 14.29% for the trench depth change, while the slope of the model output flow rate change for the trench depth change
is 2.8%. also . The slope of the trench surface changes was calculated as 5.7% per trench width change, while the slope of the model output
flow rate changes was 0.8% per trench width changes (Figures 2 and 3).
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Figure 2. Examining the trend of changes in the infiltration level of the trench and the trend of the output flow changes according to the changes
in the depth of the trench
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Figure 3. Examining the trend of changes in the infiltration level of the trench and the trend of the output flow changes according to the changes
in the width of the trench

4. Conclusions

The results showed that in the conditions where the width of the trench was considered constant and its depth was considered variable,
compared to the conditions where the depth of the trench was considered constant and its width was considered variable; The changes in the
output current from the model are greater. For example, in the case where the width of the trench was considered fixed, for every 1.5 times the
depth of the trench, the output water volume increased by 7%. 1.5 doubling of the width of the trench, the volume of the outflow water
increased by 1.3 percent. Also, the results showed that the trend of changes in the volume of the trench and the infiltration level of the trench is
more than the trend of the changes in the flow rate of the model. The trend of changes in trench volume is 7 times and 25 times the ratio of
changes in flow rate output from the model per change in depth of the trench and the trend of changes in flow rate output from the model per
change in width of the trench, respectively. The trend of changes in the infiltration level of the trench was calculated by the change of the
depth of the trench, the ratio of the trend of the output flow rate changes was calculated 5 times from the model. Also, the change trend of the
infiltration level of the trench for the change of the trench width, the ratio of the change trend of the output flow rate was obtained from the
model 7 times.
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ABSTRACT

Simulation models are widely used by users in different fields. One of famous category of these models is plant growth models, which
significantly assist agricultural specialists in optimizing different parameters influencing plant growth. Since the calibration of model
parameters may not adequately analyze and identify their actual values, the need of studies related to uncertainty analysis of model parameters
beside their calibration has become an unavoidable requirement in recent decades. This research examined the uncertainty of ecotype
parameters in the DSSAT plant model for cotton using the GLUE algorithm, which is based on Monte Carlo simulation. Some parameters used
in this model were kept constant and set to reasonable, pre-determined values (available in the software's technical guide). Observed
performance data from four irrigation treatments of this crop were utilized to obtain the posterior distribution of the parameters. A comparison
of this results with a similar previous simulation conducted in the same study area (Ghorbani Baravati et al., 2023), which focused only on
parameter calibration, indicates a significant and satisfactory superiority of the GLUE algorithm linked through a coded written in the
MATLAB environment.
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1. Introduction

Crop growth simulation models are extensively used for various agricultural studies, including optimal crop selection, irrigation management,
and assessing climate change impacts. Among these models, the DSSAT (Decision Support System for Agrotechnology Transfer) is
particularly prominent for its ability to simulate growth, yield, and other dynamics for 34 different crops. The DSSAT model integrates various
components such as soil, weather, crop management, and genetic factors to provide comprehensive insights into crop performance (Jones et
al., 2003). Accurate parameter calibration in this model is crucial for reliable simulations. However, the inherent variability and uncertainty in
parameter values pose significant challenges. Uncertainty can arise from various sources, including measurement errors, spatial and temporal
variability, and model structure. Addressing these uncertainties is essential to enhance the reliability and accuracy of the model predictions.
The Generalized Likelihood Uncertainty Estimation (GLUE) algorithm offers a robust framework for quantifying and incorporating parameter
uncertainty into model simulations (Beven & Binley, 1992).In this study, we focus on the application of the GLUE algorithm to the DSSAT
model for cotton, aiming to improve the model's predictive accuracy by accounting for parameter uncertainty. We utilize observational data
from different irrigation treatments to calibrate the model and evaluate the posterior probability distributions of the parameters.

2. Materials and Methods

The study used data from a 2009 experiment conducted at the Birjand University research farm. The DSSAT v4.5 model was employed,
requiring inputs such as weather, soil properties, and crop management data. Four irrigation treatments (50%, 75%, 100%, and 125% of crop
water requirement) were tested to evaluate the GLUE algorithm’s performance in estimating model parameters.

3. Results and discussion

The results demonstrated that the GLUE algorithm effectively estimated the probability distributions of the DSSAT model parameters for
cotton. The algorithm’s performance was compared with previous models lacking uncertainty assessments, showing significant improvements
in simulation accuracy (Qasemi et al., 2019). The findings highlighted the importance of considering parameter uncertainty for better
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predictive accuracy and model reliability.

4. Conclusions
The GLUE algorithm, through Monte Carlo simulations, provides a robust method for assessing and incorporating parameter uncertainty in

crop growth models like DSSAT. This approach enhances the model's reliability in predicting crop performance under varying conditions,
which is crucial for agricultural planning and management.
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ABSTRACT

This research was conducted in order to investigate the effects of moisture absorbent polymers and mycorrhizal biofertilizer on water use
efficiency, potato yield, as well as the quality of produced tubers in terms of secondary growth and contamination with scab disease for two
years in Hamedan. This experiment was carried out by Agria potato cultivar in the form of a splited strip design with a basic random complete
block design. The amount of irrigation water was set at three levels of 100, 75 and 50% of potato water requirement in the main strips (main
plot). The seprate use of the superabsorbent material, the mycorrhizal biofertilizer and their combination was also considered as a sub-plot in
three differing levels. The amount of superabsorbent material usage was 80 kilogerams per hectar, and the use of mycorrhizal biofertilizer was
in the form of coating th tubers. At the harvesting time, the total yield, water efficiency and the quality of produced tubers determined in terms
of dry matter content, appearance and marketability of tubers in terms of deformity, and scab disease contamination. The results showed that
under normal irrigation conditions (supplying 100% of water requirement), the use of superabsorbent and mycorrhizal biofertilizer had no
significant effect on the yield and quality of the produced tubers in terms of dry matter, deformity, secondary growth and the level of infection
with scab disease. However, in the condition of low irrigation, especially with irrigation at the rate of 50% of the water requirement of potatoes,
a significant difference was created in the yield and quality of potato tubers as well as the efficiency of water in potatoes. The infection index of
the important bacterial scab disease decreased significantly by using mycorrhizal biofertilizer and the combination of mycorrhizal and
superabsorbent. This decrease was more significant in the condition of low irrigation.
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1.Introduction

Potato is a sensitive crop to drought stress, especially in the stage of tuber formation. Correct management of irrigation in the field has an
important role in increasing the water use efficiency; and by preventing yield reduction, the amount of disease contamination is reduced and the
quality of the tuber production is also improved (Wilson et al., 2001; Johansen et al., 2015). Given the limited annual rainfall in Hamedan
province (averaging 310 mm) and its poor distribution, combined with the potato's high water requirements, agronomic methods are essential
for preserving and sustaining production. In this regard, uagae of superabsorbent materials and inoculation with mycorrhizal biofertilizers are
suitable tools for water management, as these materials increase the competitive power of the potato crop by creating the desired growth power.
They can lead to a quantitative and qualitative increase of the product by creating more favorable growth and avoiding stress during the critical
stages of growth. Limited research has been done on the effect of superabsorbent materials and mycorrhiza, especially in deficit irrigation of
potatoes. There are very few reports on the effect of combined application of superabsorbent and mycorrhiza in potato crop. Therefore, this
experiment investigated the effects of separate and combined applications of superabsorbent materials and mycorrhizal biofertilizers on water
use efficiency, potato yield, and tuber appearance quality (deformity and scab infection index) under low irrigation conditions.

2. Methodology

2.1. Experimental model

The experiment employed a Strip Factorial design nested within a Randomized Complete Block Design (RCBD) with three replications.
Irrigation levels were manipulated in horizontal plots, with treatments including 100%, 75%, and 50% of optimal water requirements based on
the Penman-Mantith evapotranspiration formula. The second factor involved four levels: control, superabsorbent and mycorrhiza seperately, and
a combination of both, arranged as sub-plots. The Agria potato cultivar was used for the study.

2.2. Verification of the physical model

Superabsorbent material named Trawat200A was applied at 80 kg per hectare directly to the tubers at planting time. The tubers were also
inoculated with mycorrhizal inoculum containing 120 CFU/g of active propagules. Irrigation commenced at the beginning of the growing season,
immediately following planting. Irrigation amounts were determined using the modified Penman-Mantith formula, adjusted for 90% irrigation
efficiency. Yield was assessed at harvest by randomly selecting two 1-square-meter plots within each replication and treatment.
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2.3. Dimensional analysis
the harvested tubers were divided according to their size into three sizes groups (smaller than 35, 35 to 55 mm, and larger than 55 mm), weighed
and counted. The number of deformed and malformed tubers with secondary growth as well as decayed tubers were counted and weighed in
different treatments. The effect of treatments on the percentage of tubers infected with common scab disease was investigated using Hao et al.'s
method (Hao et al., 2009).

3. Results and discussion

Variance analysis of the data demonstrated that irrigation levels, mycorrhizal biofertilizer, and their interactive effect were significantly
influential (p < 0.01) on the number of tubers categorized by size (seed, edible, and small), the scab disease infection index, tuber dry matter
percentage, and water use efficiency.Secondary growth in potato tuber influenced by the simple effect of irrigation treatment at the probability
level of 5% (p<0.05). Irrigation treatment had a significant effect (p<0.01) on the amount of tuber dry matter and total yield. Using of
superabsorbent and mycorrhiza affected the performance at the level of 1% (p<0.01). The number of large tubers increased at different irrigation
levels and with separate and combined application of mycorrhiza and superabsorbent compared to the control treatment. Using of mycorrhizae
and superabsorbent and also their combination increased the yield compared to the control treatment in all three irrigation levels. Nevertheless,
only in combination treatment a significant difference was created. Phosphorus is a critical element for plant metabolism, particularly in
carbohydrate processes. Moreover, mycorrhizal fungi excel at phosphorus absorption, especially under water-stressed conditions. This can be a
convincing reason for increasing the dry matter of the plant and as a result the dry matter of the tubers under the conditions of using mycorrhizal
biofertilizer. Based on other published data from this research (Parvizi et al., 2022), it was determined that the separate application of mycorrhiza
and the combined application of mycorrhiza and superabsorbent had a significant effect on phosphorus uptake in potatoes compared to the
superabsorbent and control treatments in all three irrigation levels. These positive effects of mycorrhiza on phosphorus uptake and its increase
in the foliage and ultimately the potato tuber were directly related to the severity of water stress and were highest in the 50% irrigation
requirement treatment. The amount of secondary growth in the tubers was directly related to the reduction of irrigation. So the control treatments
had the highest amount of secondary growth in the tuber at two irrigation levels of 50 and 75%. However, with the use of mycorrhizal and
superabsorbent biofertilizers, the amount of secondary growth in these irrigation treatments was greatly reduced. In two irrigation levels of 75
and 50%, separate application of superabsorbent and mycorrhizal biofertilizer, and their combination were able to significantly reduce the
intensity of scab contamination index. Of course, these reduction effects were more significant in their combined application. In total, in all three
irrigation treatments, the combined effects of superabsorbent and mycorrhizal biofertilizer were more effective in reducing scab than their
separate application.

4. Conclusions

The positive effects of mycorrhizae and superabsorbent were more evident in increasing tuber dry matter, reducing secondary growth and tuber
deformity, as well as reducing the rate of infection with scab disease in conditions of severe lack of irrigation. In total, the water use efficiency
with the use of mycorrhiza and superabsorbent in both low irrigation conditions (Irrigation treatments at 50% and 75% of potato water
requirements) increased significantly compared to the control treatment.
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ABSTRACT

Water intakes are used to diversion from the main rivers for various water supply purposes. The most appropriate diversion method is to create
a side channel intake in the plains from the rivers located in the plains, such as the Karun River. Creating such a system causes a complicated
flow. The velocity vectors are directed toward the intake as the flow approaches the side channel. This research investigates the effect of the
separating wall on the hydraulics of the river flow before the lateral intake. To achieve this purpose, the separating wall as a longitudinal training
wall (LTW) was used in two submerged and non-submerged states in five flow rates of 40, 50, 60, 70, and 85 L/s, and two gate opening modes
with 30 and 100% opening. Likewise, the flow depth before and after the submerged and non-submerged wall was compared with the control
condition. The results showed that the submerged wall has a more significant effect on the flow depth than the non-submerged wall, and in many
discharges, it caused a decrease in the flow depth downstream. The most considerable reduction in the flow rate was 40 L/s, and the opening of
100% was due to the operation of the submersible wall and the decrease in depth by 4.76%. Three points at the wall's beginning, middle, and
end were considered to investigate the effect of the submerged wall on the flow velocity. However, in the five discharges, 40, 50, 60, 70, and
85L/s, the velocity reduction was equal to 60, 55.2, 45.9, 37.5, and 29.4%, respectively. When the flow rate increases, the effect of the wall on
the speed also decreases. Investigating the effect of the separating wall in both submerged and non-submerged conditions on the diversion
discharge showed that the non-submersible barrier in all the discharges caused an insignificant decrease in the discharge. However, the
submerged wall, which had a flow rate of 40 L/s, increased the flow rate by 12.29%. As the flow rate increases, the effect of this wall on the
water intake will also decrease.

Keywords: flow pattern, flow depth, side channel intake, separating wall, longitudinal training wall (LTW)
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1. Introduction

One of the problems of most intakes is the accumulation of sediments in the inlet, which significantly reduces their capacity. In addition,
sediments entering the intake channel also increase the problems caused by the lack of control of the sediments entering the intakes. Its transfer
into irrigation canals and facilities causes many issues due to transporting sediments or settling them in different parts., Pay more attention to
controlling sediments in water intake projects to reduce dredging costs and prevent sediments from entering the openings. There are various
methods to reduce or prevent sediment entry into the intake inlet. In this research, the effect of several types of structures is investigated to
reduce the sedimentation at the intake inlet. So, the effect of the longitudinal separating wall system on the flow patterns of the flow velocity
and depth values before the intake inlet was investigated. In this regard, the investigation of the mentioned new structure to modify the flow and
sediment pattern for different discharges was carried out experimentally.

2. Methodology

2.1. Experimental model

In this research, the physical model of the Hemet intake was built in the hydraulic laboratory of the Faculty of Water and Environmental
Engineering, Shahid Chamran University of Ahvaz. The area of the Shahid Hemat Shadgan Irrigation Network Project is 9015 hectares at south
of Khuzestan province and the Shadgan zone. The water intake of the mentioned project is done from the Jarhari River, and the important
networks of this river are as follows. The river model includes a flow-calming basin to minimize the effects of pumping on the formed profiles.
At the end of this channel, three sliding gates and a water intake were installed on the channel's left wall. In addition, the separating wall was at
a distance of 2m from the side channel. The length of this separating wall was 2m. The required width for the main channel will be 2.2 meters,
the height will be about 90 centimeters, and a 79-degree water catchment will be installed at a distance of about 5 meters from its beginning.
The required dimensions will be determined based on a scale of 1 to 15 for geometrical dimensions and 1 to 5 to 8 for depth based on the physical
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conditions of the Hemet reservoir and the Jareh River. In this regard, five flow rates with three values of opening percentage of the end gate of
the channel, without the operation of the separating wall, were considered a control test. Then, the tests mentioned in two conditions of submerged
and non-submerged walls were also taken to compare the effect of these walls. After the measured flow depth upstream and downstream of the
separating wall, in each experiment, the flow rate was taken through the end spillway of the lateral intake. The total flow rate entering the main
channel and the end intake spillway reading were compared to calculate the end gate's opening value.

3. Results and discussion

The results of the tests showed that the flow depth at the beginning and end of the separating wall increases with the increase of the total flow
rate in the case where the end gates are entirely closed. By comparing the flow depth at the beginning and end of the separating wall, it can be
seen that the flow depth after the structure has decreased in all flows. Also, the separating wall does not affect the flow depth in the two states
of standing and non-submerged compared to the control state. It was also observed with the velocity measurement that when the flow enters the
path of the separating wall, the flow velocity decreases, and the lowest recorded velocity is in the middle of the wall. As the flow towards the
end of the wall, the velocity flow will increase. In five discharges, 40, 50, 60, 70, and 85 L/s reduction in velocity was obtained by 60, 55.2,
45.9, 37.5 and 29.4% respectively. In addition, the results of the experiment showed that the operation of the separating wall in the submerged
state has increased the flow rate in the lateral catchment. The non-submerged wall also had the opposite result in the same situation and reduced
the flow rate in the side channel intake. As can be seen, with the increase in the flow rate, the effect of the walls on the rise in the flow rate of
the side aerator has also decreased, and this can be caused by the increase in velocity in the main channel. In all cases, the effect of the submerged
barrier is more noticeable than the non-submerged one in increasing the intake discharge. In general, the impact of the separating wall on the
increase in flow rate has been practical only in low flow rates.

4. Conclusions

In this research, the effect of the longitudinal training wall (LTW) wall on the hydraulics of the river flow before the lateral intake was
investigated. The side wall was installed in two submerged (height 20 cm) and non-submerged (height 40 cm) in the middle of the main channel.
Experiments were performed in 5 flow rates of 40, 50, 60, 70, and 85 L/s and in two gate opening states of 30 and 100%. The flow depth before
and after the submerged and non-submerged wall was compared with the control condition. The results showed that the submerged wall had a
more significant effect on the flow depth than the non-submerged wall. In many discharges, it caused a decrease in the flow depth downstream;
three points at the beginning, middle, and end of the wall were investigated to investigate the effect of the submerged wall on the flow velocity.
In the five discharges, 40, 50, 60, 70, and 85 L/s, the velocity reduction was equal to 60, 55.2, 45.9, 37.5, and 29.4%, respectively. The effect of
the separating wall in both submerged and non-submerged states on the water discharge rate was investigated. The results showed that the non-
submersible barrier has gradually reduced the intake discharge in all discharges.

5. References

Barkdoll, B.D., Ettema, R., & Odgaard, J. (1999). Sediment control at lateral diversion: limits and enhancements to vane use. Journal of
Hydraulic Engineering, 125(8), 862-870. https://doi.org/10.1061/(ASCE)0733-9429(1999)125:8(862)

Khaled, K., Afzal, A., Ghumman, A.R., Hashmi, H.N., & Ashraf, M. (2014). Sediment transport investigations using three-dimensional
numerical modeling in a large Canal: Marala Ravi Link Canal (Pakistan). International Journal of Scientific & Engineering Research,
5(3),1-13. https://www.researchgate.net/publication/261361149

Neary, V.S., Sotiropoulos, F., & Odgaard, A.J. (1999). Three-dimensional numerical model of lateral-intake inflows. Hydraulic Engin, 125(2),
126-140. https:/doi.org/10.1061/(ASCE)0733-9429(1999)125:2(126)

Al-Zubaidy, R., & Hilo, A. (2022). Numerical investigation of flow behavior at the lateral intake using Computational Fluid Dynamics (CFD).

Materials Today: Proceedings, 56(4), 1914-1926. https://doi.org/10.1016/j.matpr.2021.11.172

Sruthi, T.K., Ranjith, K.B., & Chandra, V. (2017). Control of sediment entry into an intake canal by using submerged vanes. AIP Conference
Proceedings, 1875(1), 030007. https://doi.org/10.1063/1.4998378
Wei, H., Feng, S., Zhang, J., Tang, H., Xiao, Y., Chen, S., & Liu, C. (2023). Hydrodynamic characteristics and particle tracking of 90° lateral

intakes at an inclined river slope, Water Science and Engineering, 17(2), 197-208. https://doi.org/10.1016/j.wse.2023.11.004

6. Conflict of Interest
The authors declared no conflict of interest.

7. Acknowledgments
The authors would like to thank Shahid Chamtran University of Ahvaz for providing the facilities to carry out the laboratory experiments of
this paper.

Cite this article: Ahadian, J., Sadeghi, B., Shafaei Bajestan, M., & Sajjadi, S.M. (2024). Effect of longitudinal
training wall (LTW) on improving flow pattern at the side channel intakes, Advanced Technologies in
Water Efficiency, 4(4), 51-67. https://doi.org/10.22126/atwe.2024.10776.1128

Publisher: Razi University © The Author(s) @ )

NC



https://doi.org/10.1016/j.wse.2023.11.004

1 639 0y 3 by G (9l

,\'\_/, YVAY-¥4¢¥f Iu,-{:i)jg‘ L https://atwe.razi.ac.ir '« i eli.:} U};,,{Z],

455939 0l 2 SN THO! 43 (Sl ouiS U 4190 I ARILo )T (ow g
S s T

€ 5ol cpmdmo daw ¢ Tyl 10 dgemme T Balo plige ¢ 10 Byl dlga

j.ahadiyan@scu.ac.ir :aeblly .l pl loal o) ponr dupes ol i jlaxe 5 Ol cwtiee 03Kl ¢ T (slaojlus 09,5  Joiume ot
Sadeghi_Behnam@yah00.com :asbll, .ol nl ¢jlsal oyt oSl coms jlamme g o wsige 038l ¢ T (laojls 09,5
m_shafai@yah00.com. :aebLl, .yl 3lgal ) pen tugd olKuiild cumn jlaso 5 Ll (owige 03515 ¢ ol (sloojlu 05,5 ¥
sajjadi.mohsen@gmail.com :aabll, .yl lgal ol yonr dupes oD i jlasoro 9 Ol pwtigee 0385ld o (lmojl 09,5 ©

oIS

4 1oailig, o Gl ol alio slo sy alazjl 35 o plool ISl bausgs Sloyol cilises Colanl (gl Lol oo 5 o 3l ol
b ST god9a5e 1 (loduzm Hlaw by el dgmg A sl cotanw Cpi ol sl (Sl 1Sl 1 ool jelre (clacusd
00 Tus 500 Sl wyp gyl oyl )3 N o Colin WSOl Caow & ey sl (Sl ST SIS @ bys s S5 b g e
D Gyt pb g §yiimme b g3 3 oaiiSTus losd 3l jebate cp g Cul ods aly ls 2SI 5 S aldg, by Sdgyn
J 0 by Bes Jlde .00)5 eolatwl [ Subib doyd Ver 5 Ve basy, Sadib b g0 g aib p g AD 9 ¥ FeYe o
Brite yo )ld &y Sl (6 gy S 3y g3 &S 3> (L5 ol 3,5 dwolie dald o b (5 pstuno i 9 (5 ptane )l 1 A
2oy SIVF Jolae (1alS” o oty 3,5 5] Comdimly )3 0l o GBS cage oo Sl )l 03 5 20 (b os 2
Ol Sy p Bpiane Jlpd Sl (o p Caz g Bpiane )l US55 doyd wop3 Vee (SuBilg asl p I ¥ 25
oL gl .c8,8 )8 )y pdyge adl sl AD g Fedd e SV 00y 0 lasd il g by dul daiaw (0 by Co oy jolie
S0 GBI L &S Conl 1o 3 YA/E 5 YV/D FO/A DOIY $+ ply iy 4 o] il a0 Cud Hlord dle p3 sy ialS asyd 3
Slo a8 ol L WST 0 e g Bykiame b g §yiiame b 93 )3 0diSTun Jlgsd 51wy Bl LEalS 5 Cae g polie  lgd
Ol cage agl p 2 B 050 G ituns Jlssd ol sl 00 ST (00 il Carge wguinol yobods o> (oled )3 s 1

2,8 amlgs g ials 56 1Sl 00 0 lesd cpl S o3 Ll boaud 5 VYV lade 4y (o

oaSlas )153.3 IES )A.i,’l by Gos by d?ﬂl :d.\.ﬁls ‘_slhb),j

V¥ (60 o) 1 Sig pSIN ola VFe¥ )3T oY 10 g do VF-Y jg 0 oV sz Mol VFLY cuins )l YA 18U 43 i adslw

4 (83959 Hby> o Ml 3 ulas saiSTas ey il (_;mlim.;lnj oy (V0 Y) e ool g ap liwon (lhd wo o (Bolo gz las] Dlsw!
https://doi.org/10.22126/atwe.2024.10776.1128.0V-5Y (F)F «f (s y90 00 13 dibnity (slosyplid o olo (slo ST

@ @ @ By © &3y ol 1yl



https://orcid.org/0009-0005-5796-0656
https://orcid.org/0000-0003-3688-9561
https://orcid.org/0000-0002-1085-1023
https://orcid.org/0000-0002-0911-6494

V-V (E)E VEY (Ol (59 002 55 4 by Sl (59U /)y 5 s

Ao

2 e oo 5l (ol s lail g g, 51 6Kl ol el e e 31 (S plyieds aeiliag, Cumnl 4 225 L
gy ol il sla by iserd Jo e )3 5 ncestio ) B clo Sl 5l oolitl sl w09 § Sgyam (wine
ole (claeiling, Alas sl sl Ua ST 5 03litl o yomo 5 neiling,y T ol el slinoly 31 (oS s (35S bl (sl
lyoololy oy pcaolio sl oad (550l cddlaio oS b 4 dagi b &S 503 o)Ll liwjed cubd jd (49,5 AlBgy 4 gl oo
o055 b g s slosumo by el 3939 4 el oatnw (i dbu) .l le W S0T 5l ealil (6,05l (glaailsng, 4o
S ol s dxiior Alawgey OF Gl (pl g oo ol 1Sl Camns 4y ey (sl (Sl 1T JUS & by 08
ol 0bodly i (V) US540 4 25 0 ploo]

239l JU 53 (3D Jles Sovp (Sashis 4l G bl ceb 3 0 (e 1ol JUI 3)lg a5 Sbys 45 aiiege Ol
obyz > Pl pas el piun (B G35 S (86 oy 9 S0 5l 15 9 el )L L3S S a0 S e (e
Sl 6By, (cla wod 15 a8 Canl slaotssy alie ot (ol e 0 45l clabys el dgmg 4 sl g o WSOl 4 (6349
JU g (ol JUIS 3 ol (b (2l 03,5 bl eedits jmo Sy 5 565l & Gloj (VAR & plSen 5 (5 3) 8l 0
bli) 33,5 oy )3 o by (15 L (bl el 1y el gl 655 cal 235 o S 2 slapl e Sl sl o B
o s o s 55 395 335 o 55 e ST 50 e s Lol slaiiasits i o (05
ol s gl 55 s b ole S0 ol 5550t ol T Bl gl 5 ol JUS e & ol s
(0388 sgln 5 c6) 395 15T 3y o3 51205 b s o 395 0

K AT TP g2 J P

\\\\\\\\\\\\\\

adleis .
RPINES
- \ g
a & =
' b N \
~, NEX A5 ok i 5 3
R .
e, \ ol
& - -
. X LIS ILLL L
v S TION 141
RO SECTIO
42
Y
o X
I IO TG ITIN o 2 PTG PTG TG I GG T G DTS
\l:f_‘I}/A\I:I:I:&:I‘\l:l_‘l‘l.r,?l\'l':l:t}lrl.\l:‘I:f:}:”l}l}l}l:l:l:’&}l:'f,":l:l:l?l:l:l)l:l:}

(1444 OlKan Sos

~

il ST 53 Gmas D U1 S

Gl 2 ol 58T Egdge cnl l 1T il )3 Sliguy 1025 lioe g2 & Sl iy o o8 SIS 5l S

4 39y Sligwy S8 pas .l JUI 5 sld @0 alozjl 555 50T JUI 4y Sligus) 3959 5 oo Sl 1] cd b
Cilisen (glaceond 1y (63b) EMSuba (3 ids 5] e g 05 sl 5 6 bl (sla LIS 315 4 5] Jli] g oy
olSod i (glyls g 4l )0 cSogto A o] byl o bl dnnd (ol Sloy oSl Jlo (sl )5l 00 2929 4 4
3 S AV - dgse Ol endgdly (ed plol Catio g S (bl oy oun] gl colie (gliug, JUS 5> sl uagy Sl
il 6l (99,8 Ay ez A (Sl SN L (S SO S B Sl ot () S (0 Slioy A ailaie (3]
] b ol 0 o Sl S 5 S el ol el ooy olKianl Sl &3 4y gy 3909 ] sl o 15 Js
Jl pma 395 00 sl Sy Jlo 93 50 1Sl ul a9 Y S5 09 o)l sl 1 ()l e <85 51 el i l3S
Cely geizpan JUIS 53 gy GBI ass 53kl g lls ool 9 ge plr ol S10lS (Sl o85S Y Sles
sskatods .l 3350 5ol JUIS )3 ogus) )l 58, 51 (B S )3 WS oo ol B ]y 2 il o Canglie 45 395 o0 S L)

! Neary et al




| Bl B Rl & (63959 Ol oN P! 3 Slab bl T I ST R lesl (w2 m

3919 3 S5 g e g 3905 gy J S (slass) 4 lofzg da g oSl e 53 4l (5900 (90 Y (sladiie SalS
slagbyy b gy B! pogad cpl 13 08 edlitul g, oSl (slaojlu 1 oyl JUIS g 5l ladiled 4 Sl
05 i )3 9 Wl2g) (9w 5 (STes8y90 ( Sgyied Ll (383 5 oS )y 4 byt (JSuie pl Sl (655 ol sl caslie
255l @las ¢ Lol daalpl 13 dels dlge Cumwyi g Jo 0550 5l pusns calid 5 Syo aSls cul 7yb oolasdl S8 gla S
o 355 )l gmy 35l o ol |y gy 0T (clmojl 51wy o3lital g caslio (slag b &) lSel ¢ Uil JBIS
ey dlio ol SlogSll jy Jobo oSz Jlon s 3 35 il )3 sl ailig (So55J55850 5 (Sgyten bl
b G el ojls g5 ol Bl ) e iy ol 3 .28,5 dmls )15 ) 0390 1T wiled Sl B by Bes

03,5 plml Cglise sla 0>y Ll sla il

A3 Sl 9 S Sl

g g0 0 Ll ol 5l (B a5 a8l suiplosl (ool Slisdiss W1 claailes 1 by o Pl jogas )
13 5B g ytas Slxio | lojem 030zl b ol 1Sl 55 s 5s5) alEitulefl adlias 4 (VWAR) o, Kan 5 o ymeS
ol 00 oozl WSoT (gola 13§ ytume Slxino 5 (Sl ojlw 93 3 Hlojen Hobas bay] Guisg (> By 3l (oo i
SIYO by go 3 asd S (Sl s Jgb 853905 gy |y 2o yd YE 9 YA NY 8150l s s (sl by (6ol ol
oy L ylis) gols cal 03gs 40y ¥0 Lol JUIS )3 by b o asly o (LiD) Y U plp 1T bl 51 Sl alolé (Lo/B)
o Sl o 3 S | S o iy inlS ST Sl (3 AL ST 3 o ol i 4l b
3959 Mo g il sl S ) ;T 8b Cov 4l oo ol b & Whse (I3 i 2 5 GRS LS 0 b ol kS
b il Bl 4 g,

il gl aslyy il 1T )3 )l gmy o 5 ke p WK alad awain L3l a4 (VA1) ) Ken 5 s
Y 3 (63959 wgmy slde ialS 4 e 1Sl JUIS 0)lesd 53 digs wed bl a5 sl L 1 KT ailed awdin (gg; p odplol
D 0o Mo TV g o3 B o pd DA (e 4y i s +fF 9 o/ LI (00 G

@l Al 43 e (il ST il 53 (850 (5t Bloxhio Cogusy S8 0Shes oy 42 (WWR4) ylSan 5 552000
)] amseiio yiol)lb) CH=0.5 b S po (5 ks Sloxino 435 S yo 5 yiitune Oilnio caliste (ladis j5 o 5 45 ol L
g3 10y0 A 6yl Cnd 53 a8 ol Al adly 1Sl 4y (939)5 gu) S8 )3 (g5 3 Sles il (b dxiio
Cably iy 35 plo b duslis o (o yip0 3,Sas 35 0oy V0 (6 uS] G )D 9 3905 (6355l 150l ailad 4y ligwy 295 51 Jol8

) kol JBE o)l padblo b (il 58] 0 ol oS Sl plaphiloj] assazee 15 (WYAY) () en 5 ol
OiblS Ges calisee glaojl )5 )3 by (slymme (o se )lgrd ad e b (6 nS0l s S5 3l L5 ol 5ol )8 axlllans jge
el y2ye cnl Gl g Casl gy (Vb Clale (ol oS sl S Y 3 by e b2ye b 5B e Moo
JAS 5 oSbol g 5yt ok 556 (il 4 (WWAD) ylSan 5 L5 (Bgpme 20,50 1ol 42 (93555 gy 10lS
OS]l @lisl b Glxae ol )84 o Ui Babss gl axsly,y SSHM2 l58le 5 5l eoliwl b (b WSl & (35)9 Cgm,
5 L i) 325 ) ol (s1e g5 5 o g 20 Sl & ligy 3955tk 5 03,51 Sl 1S i gl 3
OhSen 5 paie 05 a5 0> 2Rislejl puls g dlols aold polie o sod Cabllas 45T )T )8 duslie 3 )50 (2K L]
sl A1 i 5 5 S (Sails Sl g s 55 5 S S sl S5 (Bl > 1 (MYRY)
AY i b Saublis ol cddeS 3,5 (639)9 5 i (Blyoul (00 Cows o ol lis L] Gadsd gl 5okl 8 w090
N b ol (Sadlia (i g Jsb (ol Cel Cgw) 3929 (nl 2 ogMe bbioe GRS (D555 b 4 Cuns doy
L s ool Sy (0 8 i gy s 53 sl 8 435 5,8 (935 o 3 by 5 Slie 35 oL o] (o
630 29 g0 CEIGSy poye bIE 3 iy (T 2> ¥ g Ve (sladsly 5 (S105 5 (silge T L G its (gamio cuai
315,13 adlllaesyge  Busloil ygody ) Sl ailad 43 oguy JyiS go) oaiiShis Jlesd rgly 3l (WYAY) ), 4 315
2o 5 basgio jolods 1Sl 4y (639)5 gu) Stil b o S 5 g oS lin g 2929 s 0 a8 35 51 (S ol s
OHKen 5 (o Cuwl A8l yialS o jd YF dn 10 VA dgli b 1500 9 0o pd YA a0 VF wisli b Sl o jd AY as o Ve wlj
59y (g 3 o8l 1Sl & (929)9 Cgm) 3l Sl 2 B ee Dloxio ki IS5 13b (AIKLT 2 4 (VR4
bl (o1)5 anlislel pend 9 cpSUSS  Bhe g pie Jolss 5l (S oSl s by (LS Guis ol uls sy,


https://www.sid.ir/search/paper/%D8%A2%D8%A8%D8%B4%DA%A9%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%D8%B4%DA%A9%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%A7%D9%84%DA%AF%D9%88%DB%8C%20%D8%AC%D8%B1%DB%8C%D8%A7%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%D8%B4%DA%A9%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%D8%B4%DA%A9%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D9%87%D9%86%D8%AF%D8%B3%D9%87%20%D8%AF%D9%87%D8%A7%D9%86%D9%87%20%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82%20%D9%85%D8%B1%DA%A9%D8%A8/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82%20%D9%85%D8%B1%DA%A9%D8%A8/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%DA%A9%D9%86%D8%AA%D8%B1%D9%84%20%D8%B1%D8%B3%D9%88%D8%A8/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%85%D8%AC%D8%B1%D8%A7%DB%8C%20%D8%AC%D8%B1%DB%8C%D8%A7%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%85%D8%AC%D8%B1%D8%A7%DB%8C%20%D8%AC%D8%B1%DB%8C%D8%A7%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%20%D8%A2%D8%A8%D8%B4%DA%A9%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%86%D8%A7%D8%AD%DB%8C%D9%87%20%DA%AF%D8%B1%D8%AF%D8%A7%D8%A8%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

OV (£)€ VEY (O (59 0540 5 Al by B (5,9L8 /4] Ko g 4L

Cloxiuo il dgl3 5l Slia (63935 b 0,5 anbslal b SialS (S 45l (s Loy g Job i cpl I3
Syl ayaly (1381 b ¢ 5 e Oloxtis dgng yads Cllal dunlio (0 o10)S Al s oy g Jobo &S (IS fuwl 5 yatus
350 oose addlas 4 (WYAQ) (ooblginy Cowl 4Bl (ialS 3o )d ¥ 3gd g yial38l 1o yd B 3gd iy 4 Lawgio jgbods Gl
e (sglis YV (g5 Ghmgh 3 il 1Sl gy ob s Biitee Slxio Gyl 5 1] i lajielyly s
oyl oy & 3 Ui (g gul ol 48,5 G o 1Sl 4 (63959 gy 5D B pkiane i 1 olitl b )y jolaiods
g 03j Hllae 395 Sl (655 10 woB A Camd astie digls o 50 1Sl oy ol 3 &S el b 4 bgsge n S0l gy
500,18 gy 2 g dalllandga |y a3 A ool 5T 13 s (S 955 2 ogey J S cilizee (slaailob 136 (1Y) e
Garge 55 do slaojl dlul oMy 5 o] (S 5 ob g Sl 5 5yt Slomiior 0298 g Waojls SIS o a3 0 (5 b
Jobo GlLLT 5 o394 ¢ ol JU 3 nST candipol g 550 6lad (sols candVh )3 jian (81,595 0 (6 puSedis @yl
RPYRUAPESSIRUS e 89978 oy O)liae bacls a5 g oo 239l 4 ate

839y Pgmy J S yokaions §yits (slodis cuslio gli)] 5 asgl; s 41 o ptalesl plol b (VF++) olSa 5 o) (s
OsalS g agls olial b aS ol Lis eadplbsl (giloJre sy (odae (gilwJde 5l edlatul b a5 > (sl W1 UK 4
o 5 ohRen oS5 Sl guyn 4 (IF)) ghlen 5 plalpw 005 o0 s (o8 JUB @ Cgu) Jlil ass el
JU 53,8 1, am b sl lis ol sl laailBgy doyd Ae ogd )3 (sl 1500 4 (63959 by Syt (g9 0 (5 ks
pise Sl 5 e Sl el 35 5l S JUIS (sl e o sl o3,y G ST 4 By o 2l
b ol oduwy 1o > FIAY & A/l Lawgio yobay n S0l &0 (Sl (03 +/VO b yaw 3 (B/B) JUIS 03,8 |, Kes b 4S50k 4
D aFe JIVD sli b 5 ke Sl cuai b 4S50k 4y sl 03 STay Jials e Byl (0 (5 ysue Clorbs cual
398 336 Liol33l b cpiomoen ] dnsly EalS Mo yd Ve dgdn §jitue Ao g e 4 Cannd bawgie yobdy uSoT 4 Sl ol
ol a2l galS o )3 Y/ bawgio jebods WSOl 4y Blymsl o3 +/VY 4 /N )

IS eomiy 5 Ol oN Shad 2ol e 53 03l o)l (62508 Fl eopp 4 (VAR1) TpSen 5 J5aS
pgd dius &S glaigSay iloads LSWis pame (sbloj cod Jolw & Juaie domius 90 3l laojlu opl .adld Y £39)9 Loy
e Gl Sl 4 g 39)9 7> 40 g 0350 493 Sl il S 1) Sligus, 5 8L dmlsS Slasel (ol > jlgea,
e Jdo 5l odlizul b (YoOF) "oy Kan 5 B g0 odlinl p Sl blie 1 5 S0 ol o) il olatea
598 33 S5 JUIS 501 15 oy JiSl s, o2 & (SSIIM2) (5ot iz L Sl 3935 9 gy c53bosends
Slgwy Jobs dmdw bys dud 1 5650 Jae Slubre &Vl Sealis 4 d9s o 5l (Sl gl sl (MRLC) S
il salgd el (639)9 gy oo D9 yidu Gl e ) Glho (claci, 4 m a8 b L @bt sy WSl 4
@ ¥0 5l gl Sldl agly (ials e 58 J5 (93939 ) Ol 29 yidi oy ) G Jeold 42 pm (plp ogde
olre 1 oolizal b (Sealiydgyaen Jao S (Y-VY) Toloo o il 051 solss 550 (939)9 Sligusy i (20 )3 5 425 10
g ANSYS FIUENT 19.2 l58le 5 5l oolaswl b sislyy) )8 adllasdyge wiol o515 &Vl by slp oS gtk gl
bogs a1pld] o5 (slaosly Sl eolizal b aallnn () > (6 jlodnss ol 05 (s il 5 Ko > (S oy
3y o o8 o > (5226 5 5 IS (o |y ol Cibllan ol () 5 S5 B xS 390 (i Ol
Ol glyy sy dins ax YO UV Olaisl dyol; caddllan () ol a4 dogi b im0 i A a8 S )8 & K- SSaas]
el Jlasl asb > (S O Gos LialS 15 g 03,lg Slgw, clale jzals ¢ 3yl oo

Sashis asbolyl p ) 1l 0)led 90 e 3l OpENFOAM ;b auie 5la s 51 oolizul b (Y+YY) 8 o, Son 5 o (59

S Jao sl b Jao cal (3l 8 sy 2 5 (s5lode 3)90 (63955 am) (e g s Glodily 2 4By 5 ol

1 Barkdoll et al

2 Khaled et al

3 Struhi et al

4 Al Zubaidy & Hilo
5 Wei He et al



https://www.sid.ir/search/paper/%D9%86%D8%A7%D8%AD%DB%8C%D9%87%20%DA%AF%D8%B1%D8%AF%D8%A7%D8%A8%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%86%D8%A7%D8%AD%DB%8C%D9%87%20%DA%AF%D8%B1%D8%AF%D8%A7%D8%A8%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D9%86%D8%A7%D8%AD%DB%8C%D9%87%20%DA%AF%D8%B1%D8%AF%D8%A7%D8%A8%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B5%D9%81%D8%AD%D8%A7%D8%AA%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%D8%B4%DA%A9%D9%86/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AA%D9%88%D9%BE%D9%88%DA%AF%D8%B1%D8%A7%D9%81%DB%8C%20%D8%A8%D8%B3%D8%AA%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%B5%D9%81%D8%AD%D9%87%20%D9%85%D8%B3%D8%AA%D8%BA%D8%B1%D9%82/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AF%D8%A8%DB%8C%20%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%A2%D8%A8%DA%AF%DB%8C%D8%B1/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

H Sl 4 (539,9 ol > 59N Tl > Sl b Tan g3 JI (ALl o)

JUB slace o 5 550l & Blul (03 o Saslis anbslul (b claliue (cdply Sygo vy Ae il WS Gl
dgdien 1Sl 3yls Blo disly 4y Ol st il ol Lty )3 a8 sy oLis Sldllas golis i8S )5 ooy pdyee Lol
Cord 01 0l 1y 20 093l 398 0 s (Smg> 1232 bt 3909 23 P IB s e gl Sbml el
S 0 osalto ol oo S g ity |) ey cnl Wlgie VL ol JUI o pus )3 s g Sl 3208 lis)) e S
b salgs ialS W6 ole b dunlie 1 WSl & (63959 Gy (lie o 0ylg baylys )

G5 ol daeilig 51 (Sl e 53 9 lnwgd 1 by 598 Mol Cuponl 4y 4255 b g 42538 Cliios 2 (590 bl
4335 lidos ) 4l @ deg b bl ool 13008 L (S plosly (I by s el sl by, Jbid &
a5l ol 4,5 )15 an 953 90 268 le (ol Sl CandVL (ol ailBag, 5o ol b s Sljlgeds saiSeolan ol )lgs
sl 1yl 4 (39y9 by (595U Wlgy wls2g) wtin Laulpid 53 JBd a8 b slojlo iz 45 035 jlgzal Lol )
A3k

o953 UR9)

el 333y LS o e g oSl 55 i it i 3 o o Sy Sl il 585
Oliwjgs bl Cgin 50 HlSa U010 dgas Camrg 4 B0l Caods s (6 )lol S gyl ol oadosls Lis (V) JSKi p> oS
claaials ) ol 6839, 3ol Abgs 5,5 0 Sygo (Sl Wy, 5l S he b (6Kl Ll arigly ELs adkaie 3
) of @posieshS VoYY dguo &S Conl poytaghS YET-V ade yl colus 20 )13 Sle (0515 (8 Csi2 9 252
Bligd jl ol 4Bgy amd e (ggy didel B3 claole p3 asgs opl (sla bl sdes aimd o JSiiS laaslngS o lacasd
T oSl clal 5o flons ol om0 5l S35 4 ol (el (elys sl 00,5 et el 5 ygsle cslnpls 4 Lo
0351 4l 2 caaSayta Vo 390> 13 (680l byl ondodlitiel (Sl ol WlSag) (g9 et a9 SIS
Sl (o (b plSin )3 33,5 (o el Lidy90 O oA ey oSl ool b (T jls 5 al52g) w4 4095 b oS
cus b o ¥ US o, g e YA dgus Job (l)ls JWsl JUI el oasan 5 o 13 ail p caSoyie Vo oS0l (6y0e

ol odddiwle io V/AY 3905 33 1653 JUIS 0 O Bes ljae sl + [ o0 Jobo

HESLE Caah g Somy E....J LT e ¥ IS
Olyez e oKl Cugjlaome g Ol pole 01S0tily Sgyam olStilojl 53 Cuon ol ST (S5 Juo Limgd cpl

b 3l Jse opl o pSol sl 3gn g0 (ils 1S0T g ailBng, e Jolis s ol 55 ool yge aBivlejl Jro i bl jleal
Sl casl gl osiSpl)] aogs Sy Jold b, Jao 8,5 bl 35 ] 1 §yitns Slooy olSsl g 35250 Ol (35
JUK cpl sl jo s amlgs 3lg Lol JUIS @ O eyl o ply] 5 o ool LialS JBlas s osds LSt (sla Judg o Slow
sl 01305 i 1ol S 35 JUS G o 0523 13 g oddiceal Ol e g (20 il g J3S sl (gS a2 ¥
ol JUE S psd) riman 120,50 5503 1Sl (298 50 s 55 4 5200 S Gl Sl Sl & 9959 (2



V-V (E)E VEY (Ol (59 002 55 4 by Sl (59U /)y 5 s

Jor3 355 oo 3 snle oS0 ) i ¥ Al 53 iSlan o> s 48 i > (ol JUS IS pgh 51 5Vl a5l
eyl gy VIV Lol JUK (slys 5Lidy90 (00 -l sddbiosly slis (V) US540 o8 d)lge b a8 )S (lai 5 o ¥ 55 oduiSTas
o5y dlal 4 ax g5 b i Aaled aus ] el I e 0 dgdn Jgb alols )3 dnd YA LS0T (S a5 29y dales el A dgas
o Gl A ) 5 (JUE (558 5 Jsb) odin dlal (sl V0 ) ol olsl p (2slojl Jao dlal 1 Caam aigd 1S
ol 0303,5 555 sl 4By, g cuad (SOl BT (S5 bl b ol 5 (g3400

Dl 2> Aol 835 plainds (ispa 15 o3l Siigul A i (53 olSzd S0 31 (23 oS e b ()53
Gltsen L 55 ool JUIS 53 oy 3a Cadlsyy 51,5 it il b bt 55 40 sy S sl JUS el
255 8 sy y90 Ol Ll g 93,5 aruslomo oaiiS i o)) Cundnaly 5 CundVl 33 (i Gas b 85 Sypo (535 o o
il 5 STl Jae opl 53 05,5 ool )by oy yial)b dwle jolaiods 5.5 ADV LI Sgw giwces yuw ol 5
01STan Jlgps JUI iyl 5 oyie V abold 3 35,5 o ol JBIS 3)ly yupes 39500 ply] 0siiS ol s Sy Lawgs JUI
odiiShis jlged yls alols yie ¥ 1Sl (63959 U Hlosd (sloiil g cowl yio ¥ 0)lgnd opl Jobo i ataS a5 jgbolan .003)5 (6 IS8
Sy ol gy b (s5lge oS las lgs 5l ealisl uivs oyl ol i @Bly 13 03,5 ()15, Ol bs b (silge g0ty
el Sl ol belad 3 s 5 i 55 & Ol e b axiSTin s ol g sl JUS 55 6,8 gl il
Do 6yl el ol 31

L;L..a‘ JL[S d)})_j(b &«a' dblS (C
AT i 5l las ¥ s

Lhu.f.!'b)I BL) Lﬂ_,:nbl:‘ Q‘j:-:v' 03 g0 A JJJ?

am s Saisl Aoy oSl g0 gl (456 5 b o szl

FARKISWAIEYA AO=V 2=\ —0r—§ Q‘ﬂ‘aﬁ 83 gl>ws
(5 s ) fiastle £




| Bl B Rl & (63959 Ol oN P! 3 Slab bl T I ST R lesl (w2

09 (JUI ol 4o yd (Sadsh oy Jlade dw b ond S5 0 g b ol 50 el o 03,91 (V) Jgda 50 zob ol (sl e
e i 5 G yitn 3 Sl 93 55 033,55 Lol g A3 485 Jfai 53 30l il lyisa oxisSlio s (s IS
Gyl 295 A 595 p oS Sigul il s (20 S Gl ol JUS & (9959 (3 05 485 5 )l ol 5 duglie Cr
38 (i Como JS (3 el iy ok )l hlejl (0 ma Car cal g ogMe 08 S cesl ond ()5S
oz, Gtalefl 105 <l 3038 cobia (il JU 4 (23 e (23 203 T o 4y Lo slaazn s (9,5 5 b s

28 Jitto (il JUIS 4 3lj1 g0 Gl b ad 4 S Jlai o 5l Lol &t les

oozl b (50 51 ) JUIS (sl 5 (00555 ax > 31 J8) 1 15 0l ¢yt U8 &0 51 e (o0 2 JBIS % T 9551
OB i (2 (petred g 3950 i Bk | JUK 4 (609)9 (20 b i8S ol b s paw glasyl s (£ 138,18 slayie ]
(ot o oiSlix g Cundily 5 CundVl 53 ol Bos (650l Sl ey bl o 10 35 it JUIS & (53959 A9 )
4 ($29y9 (2 JS Mo auglie I oledl sladn;d (SuBjl ke dle (sly W3S sy (Sl ;S k] sy )b )
;a8 aaly s bl g sl 4oy g0 sl UK o sBly Loty 4 s b pladl (ST bl oy e <8l3 g Lol JUIS
L?‘*" el asu s cpl 5l ABly Ll > sl s opl slaislejl )3 (g5l g 039 b oylgen (lanl du s BuisS oyl 4D &l

D9 oo 0dldtwl il yuass (gl

sl
2 S 20 Gl b oasSTas Hland lesl g Il 0 by Ges Hlade a5 398 o0 salin (8) JS5 3 ¢ g Al Jbgas iy b
3,5 odmlie (lg oo oaiiSTas Hlgrd (slosl o Ll 3o by Bes duolie bbb o i3] el diuy ol sl sladoy o oS s
o)lgsd pizmad Cawl Hled 5l a0 b Ce g GialS eias lis a8 Ll aBl el b o eled j3 il dm b Gee
9 1) Goe Sy Blgy 205 a6l Cllo & s (hyr Bas g g (5586 §pftmand g §ituns Sl g3 3 028l
JUI 4555 5 g2 sl 13 o5 (g0 395 @Bly (il 590 s e 65l oy omis Jlne S plgisar oSl Jlsed <l
38 il lasly Blod (] 4 5 0351 508 (sl (s sl 6T (S35 0 ol b leys b i3 s (ol

--\eL.'.uA



OV (£)€ VEY (O (59 0540 5 Al by B (5,9L8 /4] Ko g 4L

32
31
30
29
K, 28
27
26
25
24
23
22

e

( Fesl)Ob

( eSOl o Ges
N
(o))

BIEEIS e BTSN
30 50 70 90 30 50 70 90
oSl 155 Sl ey (o ssST Slass 51 LS (Al

Aoy A2y 5> dl’).} o.\:&ﬂ.\e-_)‘ﬁ.) 6‘.‘4‘3‘\,‘.\2{‘).} QL.'-J" GeE p oS- °-)|Ji'> C)b.ﬂ .0 Jg‘:'

(ol jagiln £0 9 Y0 0lp0 gLyl b glagmlasTE0 5 Yo 5 uals 2bs51Z)

(121905 )3 a5y (3t i g 3 ptme sle il b a3 5 008 (S0l a3 Bl Bes p3lie 55 (F) S5
3505 oy bamd o ol 1) (osls JU 0 Of JWsl ZV+) (3598 dopd Yo el )5 oxisShis g jlaw g S8 (slp o g il

0 by Bes il Cage b o5 ool )3 g Cowl 3 byp Bes p wgmine 15U 0aS s (sla,lesd 33,5 o odali w5 il
JS 03 5l 5l am by es 5T cdls p3 o LS |y laase > JolS SLiS5L Lo bys el by Ges (V) S5 .l
Nesd (A58 9 dals cdls o by Bos dulie o V S5 & Jhges (aoyp b Cowl atily ials e 5l 8 4 caws b (00
& ol Gos GBIl Bptine pE Bl lp g Gos (L Gpitue Blo lp a0 (bS53 (Bprtune pf g (3Rt oS>

2D o

Dlgs 5l A BIFTERgw

31
30
29
28
27
26
25
24
23
22
21

( oSO > Gas

20
30 40 50 60 70 80 90 30 40 50 60 70 80

(Ll 2) o (U 1)) 2o

sdeSl Sl 5l des (O siST Slps 51 13 (I

s (Sl Ao Yol s adiSTur lees (sleml 5 Ml 53 Ol Gas s adiSTiar ol g5 31 JSS

90



Bl B Rl & (63959 Ol oN P! 3 Slab bl T I ST R lesl (w2

Sses 3l A BIESIN™

31
30
29
3 28
27
26
25
24
23
22
21
20

( eml)Ob

40 50 60 70 80 90 30
(S ) oo (G ) oo

sdeSl Sl 5l des (o sdiSlo s 5l J3 (Al

Ay 5> ;J..:‘_)L! o ys Y oe C.“r_)b a.\l:S‘J.?_)‘ﬁ.) 6[.‘.‘(3‘\}‘.\2‘.:‘).} C)L.Ur e B oS- a_)b.:.) Q‘;‘VJKJ

23 IS L el dw jo )3 w0 i o)y (Sdil Blike YL )3l an g S8 0 (b Bes Soilul b
oy g Byximo Hlad (65105 31 M ol dty MolS oy 3 a5 2l j5 ool azily iuljal jlass 5l am 0 b Ges saiSlis
ool 0303] 5| o p3 ¥ Suiil s 5 Jlend ol kil g9 w5l it g Conl 0393 15 sl 3 piiane

il > Jgl dlads .canl sadosld lis sl o (65505101 S gunl 53] priwiis yu lawgs dlaiiaw (3 &S b o e o (A) US55 5o
5> gee 2 0l 39)9 L 39850 aalie & joblan 03,5 Bl Jlgnd (Sl 53 pows dlail g 5> Lo )3 pgd b )l
Obyz Syl bl o 4 by C8 o bl Jlgnd bawg 53 00BES Cas s (35S g Mo GRS (b2 Sy oaiiS T
YAY o YV FOA DAY &+l sy dy Copun GidlS b i A g Ve &v e Fr o0 iy 50 .l dalgd (gdgmo g,
el Cawd 4y Aoy

oddodly ol bl p Sl 5l gygee (2 Hlie p oaiiSTas led Sl g bl WwST 5l oygee (2 polie (1) S5 sl loges y
2050 o Liulidl coge §ykime b p3 0uiiS T Hlgsd (6 15,18 595 o otmliie 4l p i ¥e 00 4 bgspe ill Hlages 5> ]
ool a2l olpen a1y il 1Sl j0 0 LialS g ansly uSe i alie b lan )3 50 Bykiae e lerd sl o35 ls
Oil31 5] (36 Sl on sl (ul g ol 00 1208 55 (le Sl (> G5 Wolsed ST o (I3 L s e ssalie o g len
S S oty ol e oS 5 G 3 e i 4y o i le 1 SVl 2L 5 03k i JUS 3 oo
Gl 01 03] sloyinle] ol 3l (claoMs (1) Jodo 5> sl atily (6,135 31 ol (sla od o baid o> il p oSy lgss



V-V (E)E VEY (Ol (59 002 55 4 by Sl (59U /)y 5 s

0.1

0.08

0.06

V(m/s)

0.04

0.02

0 0.5 1
Di/L oxiSlaz o155 gl 3l o dols

Cilisee sla g5 53 Ol sy Slo5ed A IS

Sygopds ol Sl U 4 (63959 s g p3lie o Job (slal B Iul 51 5lged 51 oaimd L &dlg 5 by X jgme (A) U5 5
IS aabl j3 il o Jlaed sl &8ly 33 <SG dae g land slul I Loy alold saimd L /0 ey (glanl sxiad i yas das &S

ol (Lol by (23 ol Hlaie SOl (BLul (05 led 95 (6,138 51 oaimdyLis 48 ol oel (1)

60
B40 @50 @60 @70 m85
50
~
v
< 40
(2]
(@4
5y [
S o =
s e e
2 A R
o P o)
[ e [
S 20 b Fanny
i) § o o]
< b § o]
) o o]
= b Fanny
a P oA
10 Famerd Py
o o]
o o]
= o
0
Witness wall Submersible wall Unsubmersible wall
Wall Type

‘-g:'L?ﬁ{JA-_lLSQJJJ &Jﬂo&;s‘-»\?)‘ﬁ.};‘_)brﬁ QJg.:

9 Jocliser JSb ol (ol 1 el dd syt e Sl & Bl o st s g5 IS A1 By 5o (3) U
byl sy @ Biee pf )l g Byie jled bl s g3 Sl 4 (Bladl (23 (e el Gl lp 4l ) ¥ (0o
atudlgs g 0dgr ying GV plus &y Cand §ystmne Hlged (6138 51 dad oo i ol b pads 5y dales agls 1) VWA V/Y YF/VE



Bl B Rl & (63959 Ol oN P! 3 Slab bl T I ST R lesl (w2

)bql ‘_‘j gl.ol J,.JJ LW .\mb& )‘.QSUAS d)\if)i'l C)?.l ‘uLol ub)> o dLmLsg.) LS])J. .\Jlo; «_é).z;o )5.:1 Couw |) Sy (20
S5 6 Slasly Al 5 ol st 5551 S8l 4 i o8 39 oo > ST a3 s (S5AST 5 o3

Aald (glatalesT b aodls Y Jgaer
Sk

02

Y2 Y1 Qav Quot

22.5 23 30 40 30%
20.2 21 17.9 40 100%
23 235 35 50 30%

217 224 2741 50 100%
24 24.7 40 60 30%
229 235 3411 60 100%

252 263 47 70 30%
243 248 421 70 100%
264 27.2 55 85 30%
255 264 491 85 100%

Joe CansVU jd bys es Hlaie V1o ls pS0T @ onsd)ly (05 jlade Qab (JUI @ oaisly (o5 JS lude Qtot (V) Jodo o
el jlgad (IS Jore cawdpnl 3 ph Bes Y2 g > IS
o b ol (Sialon 5 il Gk 1Sl 4 02y (2 Shoy oKl 4 (it (ol S0 3 & Cusl sy 4 Y
POl 5 50 29 o el Shey (23 4 drgi b Sl JU 4 (0399 (20 malaS S)le 4 980 U8 Sl JU 4 (039
55 pie (3.8 Bl ol os s o alafl ST JU (95 4 ol oo SH] (28 b oyt o byl & o5 L
b 3l g dliTue g oliT cls g3 Sl JU 4 (63959 (o @8lyyy el ond S s JU balys cos o3 pw S0l d5u

ol 0093)8 558 ol U sladoy o JolS”  Saiib boljl b ys o clls G g ool JUE slaas o



OV (£)€ VEY (O (59 0540 5 Al by B (5,9L8 /4] Ko g 4L

oS Sl b ol sl bl gl asdlst ¥ g

23 el sl gLl Sl gLl Sl Sk o
0 D dps 3l J5 D pssiae 2 N Qo Qo S
0.00 2.22 0.00 22 23 30 40 30%

12.29 -1.49 -4.76 20.5 22 20.1 40 100%

0.00 2.17 -2.13 22.5 24 35 50 30%

-0.04 2.30 -1.34 212 227 27.4 50 100%

0.00 0.00 -1.21 24 25 40 60 30% ..

EJECRURN

0.00 -0.44 -2.13 23 24 34.11 60 100%

0.00 -1.19 -0.76 255 26.5 47 70 30%

-3.33 -0.82 -2.82 245 255 40.7 70 100%

2.73 -0.38 -1.10 265 275 56.5 85 30%

6.58 -1.96 -2.27 26 27 52.33 85 100%

0.00 -1.82 -2.17 224 235 30 40 30%

-19.10 0.00 0.00 20.5 22 16.26 40 100%

0.00 -2.22 0.00 23 24 35 50 30%

-2.30 0.00 0.00 212 227 26.77 50 100%

0.00 0.42 0.40 239 249 40 60 30% s b Sl
-2.05 1.30 0.83 227 238 3341 60 100%

0.00 1.18 1.89 25.2 26 47 70 30%

-3.91 2.86 1.57 238 251 3911 70 100%

-10.27 -1.13 -1.09 268 27.8 50.7 85 30%

-1.57 0.00 0.00 26 27 51.51 85 100%

Byxime <l 93 30 (Sl leyd il aslyy Sl ,.i:l S8 alagy b gy oaiSTas Jlasd Sl oy dy Guiod pl
J a5 U5 55 0l ae o 2yl ool doys Voo 3 ¥ Jlaie o Lol JUIS slegl a0 (Saik <l 35 5 sl
w058 duwlie ol clls by 5 st puf g (5o Hlgsd

S 5 o

Lo 5l olemn 53 9305 U3 395 51 by Bos 4 Cond (Bptime o I3 4 Sl (gt S (5 pte > 4 3l (LS s
N> GBS S50 domyd Ve (Sabil g 4l i ¥e (03 5 (IR (il 3)S Candiml ) by Bes SRBE e
N2> Skl g by dal daaw )3 gl Copu G Jld Jl oyn Car g Ges (R TFIVE ke 4 5§y
Cawd 4 do dOVA/F 5 YV/B KO/ DOIY &+ plp iy dy Caoyur (i8S Mo 3 AD g Fe e Ve L g 50 5 S5 S8 oy pdjse
CprieS g 5lged (Sl 5D s s oy 0SSN s g (glayldg05 A dn g5 b il LEalS 55 s g ylged ST 00 LRl 381 L g el
9lgd O 3 Gl S8 by o0 e 4 Joine gl cpl jlees Jore )3 JUB Colus ials b ed S el s cladihe )3 Co pu
Lolgd (2905 ) 9 03)5 < oiiSlia Jlgd baails )3 0adcud G pu Jilio oS gy5bas B39 alsd Ll 5 (b 8l e
Moy (3 yitna yof g (§ypituns Sl 93 )3 0aiiS i Sl ST g0 dmle (GBI G by ey JUI o 0)bgd (il 4 s
015 Sl (2 (18l crge (wgminol yobor o 23 (olod ) ks b o & 0l LS @S CES JLE () pdy90 Sl (0
23l (05 e opl B o5 il b ud)S o) AWV e 4 o3 Liulisl cage 4l p i) ¥e 00 )3 5 piame lgod Lol fcuul
5L ST 0)lsr iy 93 ooy 1 Jlaie Lial3l 51 86 Wl oo yal cpl o & 5,8 Iy LialS 3o



S o e ) T e g 7 B

&b

2391 )3 (635 Gy 665l g ylade y p S0l Ailad dwsin 13U (VWRL) ggld 0dlj (ooloyd g e s 00} s L yipen ¢ Ll
https://iwrj.sku.ac.ir/article_10847.html A=Y+ ()8 «y/p/ of Ling s dlxo . Sls

dleo) ()bl g swokigo pole i S5 e 1> (lr 1Yl 4 (93939 3wy S Bl 1 Gt Slmdo s S
https://doi.org/10.22055/jise.2017.22614.1614 NANYY (V)FY o[ cjjskis ale

e sl ST ailad )3 S yo 5 pitane Olimio gy S 3,80es (W) gnme ¢ ylasdd g o et 0dl) Gl )b cy90 puu

s Gulio gl g asly oy (Ve r) Ldpodin dd 8l 5 csige 29> (el el nl (plede e Jed @dlj s
O Yo 0,85 guaidn L g33e (giludids (| edlaiel b bas sl 3ol JB 829y gw) S jolaie 4y §ysiuue
https://civilica.com/doc/1374294 . )| | )l y45 cdews 5 (sylaxo o ylpac Mo/
https://doi.org/10.30482/jhyd.2020.252014.1481 Ad-VVY ( ¥V « gyt s s

(e Slas 9 U"]Ji"’m ;Mf).: ).sl = (\\c’\) &m}}m go.)])‘ PP 9 edexo ‘.)l).s).).o ‘Lo)J; (e cL;OJAo.’?!.A sul.ol)w
XYXY (YWY Olel (2hp0 58 5 pole dlmo nailisgy anyd A ogd > (Sl 1Sl 4 (9959 (b Sdgydd 595 2
https://doi.org/10.22113/jmst.2021.250222.2394
AW (YW (oiplis ale dlxo) (lo] o wlige psle alxo . Lol JUIS
https://dorl.net/dor/20.1001.1.25885952.1392.36.2.1.4

oy e il Sl )3 s (S0 oguy S8 Ciliee sla oo 86 gy (ITAR) Dgre Glustd g e e codljllac
http://dorl.net/dor/20.1001.1.24766763.1399.20.3.7.7 MVY=\YA « (Y) Y+ . e hras wdigo dy puid

Sl oy 625 5 B 325 eSel s Wlwd JS5 (Bl (3 51 (WAY) )85 cflgzmms g olpele (g5 )5lS egiqe paie (08
MYYS (N o iSa) 5 opl] sloojlo otige lisin 4t Sl (S 3 Ghy GBS 5 ol (Swile
https://doi.org/10.22092/idser.2018.116852.1286

2 ol s altlel ) (WAR) ST Lleds gyl (Lo 5 cagmue (lwd e leds 0l gl s (505
A (NN ¢ gl ki lidog dloo . 35 p] (ol yian )3 58l 5§ yiane Slxio | lojed odlitnl b (sl K]
https://journals.areeo.ac.ir/article_102311.html

Sy 035 I lgsd agly 13U alKdsloj] adllae (IYAY) .4l Comn ¢ gy g o oiimo ¢ ilo copmal ¢ o] > 0305 ol I3 (6330
https://sid.ir/paper/234592/fa.YA-¥Y (M) v/ Cy o g wndigo dp puiti SOl &lad 4> Cigaoy S

ole dlo) (o] 5 pwdige pole SSIIM2 JI53l o5l oslisal L (oile 1T & (3909 ogmy 5 50 Sitil g 5 it
https://doi.org/10.22055/jise.2016.12505 NFA-VA ¥R o g alas”

References

Al-Zubaidy, R., & Hilo, A. (2022). Numerical investigation of flow behavior at the lateral intake using
Computational Fluid Dynamics (CFD). Materials Today: Proceedings, 56(4), 1914-1926.
https://doi.org/10.1016/j.matpr.2021.11.172

Attarzadeh, A., & Ghodsian, M. (2020). Study of the effect of the various layout of sediment control
on bed topography at the 90° lateral intake . MCEJ, 20 (3) ,117-128.
http://dorl.net/dor/20.1001.1.24766763.1399.20.3.7.7[ In Persian]



0y-yv ‘(i)i LY cgi 529 008 90 ﬁw ‘_glh d)gw /g‘)lﬁ&hg ulg.\é-‘

Barkdoll, B.D., Ettema, R., & Odgaard, J. (1999). Sediment control at lateral diversion: limits and
enhancements to vane wuse. Journal of Hydraulic Engineering, 125(8), 862-870.
https://doi.org/10.1061/(ASCE)0733-9429(1999)125:8(862)

Gohari, S., Ayyoubzadeh, S. A., Ghodsian, M., & Salehi Neishabouri, S. A. A. (2011). Laboratory
investigation of the flow pattern in the lateral catchment with the simultaneous use of submerged
and breakwater plates in alluvial beds. Journal of Agricultural Engineering Research, 11(4), 1-18.
https://journals.areeo.ac.ir/article_102311.html[In Persian]

Habibi, H., Masjedi, A., Purmohammadi, M. H., Kamanbedast, A. A., & Bordbar, A. (2019).
Experimental Analysis of the Effect of Geometric Shape of Submerged Vanes on Sedimentation
Flows at Lateral Intake Entrance in River Bends. Irrigation Sciences and Engineering, 42(2), 119-
133. https://doi.org/10.22055/jise.2017.22614.1614[In Persian]

Hasanizadeh, S. A., Alamatian, E., Amiri Deloui, M., & Afzal Nia, S.M. (2021). Determining the
appropriate angle and height of submerged blades in order to control the sediment input to the side
catchment channel in transformations using numerical modeling. 7th National Congress on civil
engineering, architecture and urban development, Tehran, Iran. https://civilica.com/doc/1374294[In
Persian]

Hassan pour, F., Ayyoubzadeh, S. A., & Ghodsian, M. (2011). Performance of compound submerged
vanes in sediment control at 90° lateral intake. Watershed management researches ( pajouhesh- va-
sazandegi), 24(3(92)), 1-12. https://sid.ir/paper/200550/en[In Persian]

Jalili, H. R., Dalir, A., & Farsadi, D. (2011). Effect of Intake Geometry on the Sediment Transport and
Flow Pattern at lateral Intake. Iranian Water Researches Journal, 5(2), 1-10.
https://iwrj.sku.ac.ir/article_10847.html?lang=en [In Persian]

Karami Moghadam, M., Keshavarz, A., & Sabzevari, T. (2019). The Effect of Diversion Flow, Intake
Inlet Shape, Topography and Bed Roughness on the Flow Separation Dimensions and Shear Stress
at the Lateral Intake. Irrigation and Drainage Structures Engineering Research, 19(73), 113-126.
https://doi.org/10.22092/idser.2018.116852.1286[In Persian]

Khaled, K., Afzal, A., Ghumman, A.R., Hashmi, H.N., & Ashraf, M. (2014). Sediment transport
investigations using three-dimensional numerical modeling in a large Canal: Marala Ravi Link
Canal (Pakistan). International Journal of Scientific & Engineering Research, 5(3),1-13.
https://www.researchgate.net/publication/261361149

Maroofi nia, E., Asna Ashari, A., Hassan Zadeh, Y., Khosh tinat, S., & Amin nejad, B. (2016).
Investigation of the Effects of Submerged Vanes and Spur Dikes on Sediment Control at Lateral
Intakes by SSIIM2 Software. Irrigation Sciences and Engineering, 39(4), 169-180.
https://doi.org/10.22055/jise.2016.12505[ In Persian]

Moradinejad, A., Hamzeh Haghiabi, A., Saneie, M., & Yonesi, H. (2018). Experimental study on the
effect of skimming wall angle on sediment control in lateral intake. Watershed engineering and
management, 10(1), 28-42. https://sid.ir/paper/234592/en[In Persian]

Neary, V.S., Sotiropoulos, F., & Odgaard, A.J. (1999). Three-dimensional numerical model of lateral-

intake inflows. Hydraulic Engin, 125(2), 126-140. https://doi.org/10.1061/(ASCE)0733-
9429(1999)125:2(126)

RostamAbadi, M. (2020). Numerical study of the effect of changing the geometric parameters of intake
and the arrangement of submerged vanes on the anti-sediment coefficient. Journal of Hydraulics,
15(4), 95-111. https://doi.org/10.30482/jhyd.2020.252014.1481[In Persian]

Serajian, M. T., Masjedi, A., Heidarnejad, M., & Hasonizadeh, H. (2022). Investigating the Effect of
Convergence and Submerged Vanes Composition on the Hydraulic of the Lateral Intakes’ Inlet Flow
at 90° River Bends. Journal of Marine Science and Technology, 21(3), 33-43.
https://doi.org/10.22113/jmst.2021.250222.2394[In Persian]

Seyedian, S., Shafai Bejestan, M., & Farasati, M. (2014). Investigation of Flow Pattern Change at
Lateral Intake due to Inclination of Channel Bank. Irrigation Sciences and Engineering, 36(2), 1-
12. https://dorl.net/dor/20.1001.1.25885952.1392.36.2.1.4[In Persian]



S o e ) T e g 7 B

Sruthi, T.K., Ranjith, K.B., & Chandra, V. (2017). Control of sediment entry into an intake canal by
using submerged vanes. AIP Conference Proceedings, 1875(1), 030007.
https://doi.org/10.1063/1.4998378

Wei, H., Feng, S., Zhang, J., Tang, H., Xiao, Y., Chen, S., & Liu, C. (2023). Hydrodynamic
characteristics and particle tracking of 90° lateral intakes at an inclined river slope. Water Science
and Engineering, 17(2), 197-208. https://doi.org/10.1016/j.wse.2023.11.004


https://doi.org/10.1016/j.wse.2023.11.004

Advanced Technologies in Water Efficiency

homepage:https://atwe.razi.ac.ir Online ISSN:2783-4964 \'\/

Razi University

Efficiency of CCHE2D numerical model in flow and sediment modeling
(case study: Karun River)

Sheyda Osivand'**, Javad Zahiri®"¥, Ahmad Jafari®"”, Fereshteh Porasaf*

1 Department of Water structures, Agricultural Sciences and Natural Resources University of Khuzestan, Khuzestan, Iran. E-mail:
osivand. h@gmail.com

2 Corresponding Author, Department of Water Engineering, Agricultural Sciences and Natural Resources University of
Khuzestan, Khuzestan, Iran. E-mail: j.zahiri@asnrukh.ac.ir

3 Department of Water Engineering, Agricultural Sciences and Natural Resources University of Khuzestan, Khuzestan, Iran. E-
mail: ajafari@asnrukh.ac.ir

4 Khuzestan Water and Power Authority (KWPA), Ahvaz, Iran. E-mail: fporasaf@gmail.com

ABSTRACT

Flow hydraulics is considered as the most important factor in the morphological changes of the river by influencing the sediment transport and
the shape of the waterway. Accordingly, the hydraulic simulation is very critical in all river engineering projects. In order to model the river
flow, many and diverse models with different hypotheses and numerical methods are developed and used. The case study is about 110 km and
the three hydrometric stations are located on this reach of the Karun River. Molasani and Farsiat stations were considered as upstream and
downstream boundary conditions, and Ahvaz station was used as a control station to validate the model. The information used in this research
includes information on the elevation of the Karun River, the flow rate and the water level in three hydrometric stations were obtained from the
Khuzestan Water & Power Authority (KWPA). The CCHE2D model was developed in 1997 at the Center for Computational Science and
Engineering under the supervision of the University of Mississippi, USA. This model is an analytical system for two-dimensional, unsteady and
turbulent river flows, sediment transport and water quality assessment. The model is designed with the purpose of application in the areas related
to the prediction of the river bed and erosion of its banks, meander movement and water quality. Numerical models in the field of two-dimensional
hydraulic simulation of flow and sediment usually need extensive and complete input information. The reason for this is the dependence of the
turbulent flow process in natural channels on various factors. The accuracy of the results obtained from the execution of the model will be
directly related to the quality, quantity and accuracy of the input data. To simulate the flow in CCHE2D, it is necessary to determine the duration
of the simulation and time steps in performing the numerical calculation process. In this research, different time steps has been used in different
stages, and the time steps in most of the simulation stages were considered equal to 150 seconds, and in some situations, smaller time steps have
been used in order to solve the instability of the model. In order to check and analyze the model in relation to the mesh size and choose its
optimal size, modeling was performed for three different sizes of 150,000, 270,000 and 350,000 mesh nodes. The results obtained for the mesh
size of 150,000 nodes show a significant difference with the sizes of 270,000 and 350,000 nodes. This difference is occurred due to the fact that
at the beginning and end of the hydrograph, the water level in the network is low and the number of calculation nodes that are located in the dry
area is more than the nodes that are located in the wetter area. This problem is partially solved by increasing the flow rate in the hydrograph and
increasing the water level. Also, in order to choose the appropriate flow turbulence model for three modes of k-¢ model, Parabolic Eddy Viscosity
and Mixing Length, simulation was done and the observed water level difference was compared with the measured results at Ahvaz hydrometric
station. Based on the obtained results, the k-¢ turbulence model has the best match with the observed values with an error of 2% and was chosen
as the base model for further modeling. It is worth noting that most of the conducted studies also show that the k-¢ model is more capable of
modeling the flow in rivers and provides more accurate results. In order to implement the sediment model, the suspended sediment rating curve
of Ahvaz station was used as total load sediments. Based on the obtained results, the Ackers - White sediment transport model with a coefficient
of 0.1 adaptation factor shows a better agreement with the observational results.The CCHE2D simulations show that the eddy viscosity
distribution in the meanders is more intense, which can have a direct effect on the erosion process of the outer bends. Based on the investigations,
the maximum erosion and sedimentation took place upstream of the Ahvaz hydrometric station and in the meandering areas of the river. The
intensity of erosion in the downstream area of Ahvaz station has decreased significantly. One of the most important reasons for this issue is the
low slope of the river bed downstream of the river. In general, the process of modeling, distribution and pattern of flow and sediment parameters
by CCHE2D model is reasonable and has acceptable accuracy, and this model can be used for other processes such as changes in the river
morphology and displacement of meanders, flow analysis and erosion at the structures.
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1. Introduction

Flow hydraulics is considered as the most important factor in the morphological changes of the river by influencing the sediment transport and
the shape of the waterway (Adamsson et al, 2003). Accordingly, the hydraulic simulation is very critical in all river engineering projects. In
order to model the river flow, many and diverse models with different hypotheses and numerical methods are developed and used. Due to the
complexity of hydraulic and sedimentary phenomena in rivers, it is not possible to solve the governing equations by analytical methods, so
numerical methods are usually used. In mathematical models, due to the fact that the real size of the river is modeled, there is no scale limitation,
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although in some cases, fine networks cause the duration of model execution to be longer(Liu et al, 2010). The application and accuracy of
mathematical models depends on the definition of the equations governing the phenomenon and the numerical methods used. The aim of the
current study is to simulate the hydraulic flow and sediment with CCHE2D software in the Karun River in the Molasani to Farsiat hydrometric
stations. In this study, the effect of meshing dimensions and different turbulence models on the accuracy of flow hydrodynamic modeling as
well as different sediment equations on river bed changes using CCHE2D model has been investigated.

2. Methodology

The case study is about 110 km and the three hydrometric stations are located on this reach of the Karun River. Molasani and Farsiat stations
were considered as upstream and downstream boundary conditions, and Ahvaz station was used as a control station to validate the model. The
information used in this research includes information on the elevation of the Karun River, the flow rate and the water level in three hydrometric
stations were obtained from the Khuzestan Water & Power Authority (KWPA). The CCHE2D model was developed in 1997 at the Center for
Computational Science and Engineering under the supervision of the University of Mississippi, USA. This model is an analytical system for
two-dimensional, unsteady and turbulent river flows, sediment transport and water quality assessment. The model is designed with the purpose
of application in the areas related to the prediction of the river bed and erosion of its banks, meander movement and water quality. Numerical
models in the field of two-dimensional hydraulic simulation of flow and sediment usually need extensive and complete input information. The
reason for this is the dependence of the turbulent flow process in natural channels on various factors. The accuracy of the results obtained from
the execution of the model will be directly related to the quality, quantity and accuracy of the input data. To simulate the flow in CCHE2D, it is
necessary to determine the duration of the simulation and time steps in performing the numerical calculation process. In this research, different
time steps has been used in different stages, and the time steps in most of the simulation stages were considered equal to 150 seconds, and in
some situations, smaller time steps have been used in order to solve the instability of the model.

3. Results and discussion

In order to check and analyze the model in relation to the mesh size and choose its optimal size, modeling was performed for three different sizes
of 150,000, 270,000 and 350,000 mesh nodes. The results obtained for the mesh size of 150,000 nodes show a significant difference with the
sizes of 270,000 and 350,000 nodes. This difference is occurred due to the fact that at the beginning and end of the hydrograph, the water level
in the network is low and the number of calculation nodes that are located in the dry area is more than the nodes that are located in the wetter
area. This problem is partially solved by increasing the flow rate in the hydrograph and increasing the water level. Also, in order to choose the
appropriate flow turbulence model for three modes of k-¢ model, Parabolic Eddy Viscosity and Mixing Length, simulation was done and the
observed water level difference was compared with the measured results at Ahvaz hydrometric station. Based on the obtained results, the k-¢
turbulence model has the best match with the observed values with an error of 2% and was chosen as the base model for further modeling. It is
worth noting that most of the conducted studies also show that the k- model is more capable of modeling the flow in rivers and provides more
accurate results. In order to implement the sediment model, the suspended sediment rating curve of Ahvaz station was used as total load
sediments. Based on the obtained results, the Ackers - White sediment transport model with a coefficient of 0.1 adaptation factor shows a better
agreement with the observational results.

4. Conclusions

The CCHE2D simulations show that the eddy viscosity distribution in the meanders is more intense, which can have a direct effect on the erosion
process of the outer bends. Based on the investigations, the maximum erosion and sedimentation took place upstream of the Ahvaz hydrometric
station and in the meandering areas of the river. The intensity of erosion in the downstream area of Ahvaz station has decreased significantly.
One of the most important reasons for this issue is the low slope of the river bed downstream of the river. In general, the process of modeling,
distribution and pattern of flow and sediment parameters by CCHE2D model is reasonable and has acceptable accuracy, and this model can be
used for other processes such as changes in the river morphology and displacement of meanders, flow analysis and erosion at the structures.
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ABSTRACT

Water accounting systems provide essential data for managing decisions that aim to reduce poverty, enhance food security, safeguard public
health, foster economic development, and protect ecosystem integrity. This study examines the Lower Karkheh area’s water accounts for 1400
and 1401, both years marked by high water stress in the basin. With over 96% of water use attributed to agriculture, this sector significantly
exacerbates water stress. In 1400, complete instability was noted, as demonstrated by comparing available and consumed water resources.Per
capita renewable water availability increased from 1,302 cubic meters in 1400 to 1,812 cubic meters in 1401 due to better management
downstream of the Karkheh Dam, with 169 million cubic meters more water released than in the previous year. Although the agricultural sector
remains highly productive, the focus on short-term gains overlooks the strategic importance of sustainable water resources.
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1.Introduction

The Water Environmental Economic Accounting System (SEEAW) is a comprehensive framework for integrating economic and environmental
data on water. This system clarifies the conceptual and economic aspects of water, demonstrating the critical relationship between water and the
economy and highlighting water resources' role in environmental health. Aligned with the United Nations System of National Accounts (SNA),
SEEAW provides a framework for global macroeconomic statistics. Established by the United Nations Statistical Commission (UNSC) in 2007
and revised in 2011, the SEEAW system aids in establishing standards for water-related statistical data worldwide, including methodologies and
application guidance (UNESCO Division of Water Sciences, 2011).

2. Methodology

The SEEA-W accounting framework categorizes water accounts into several types, including physical supply and use accounts, pollutant
accounts, economic accounts, hybrid accounts, asset accounts, quality accounts, and water valuation (economic and social) (Edens et al, 2014).
Two types of tables are used for compiling these accounts: standard tables, tested globally and widely accepted, and supplementary tables, still
under review. Social and qualitative accounts are among those in the supplementary category. When assessing water resource systems, it is vital
to select appropriate and accurate indicators. Indicators are tools that gauge the status of the studied system against desired goals. In water
resource system evaluations, indicators are produced within specific frameworks, helping to provide a systematic understanding of resource
status and usage. This refined text is now clearer, with improved flow and coherence, and is suitable for publication in an academic or professional
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2.1. Introduction of the study area

The Karkheh River watershed is located between 46°23' to 49°12' E longitude and 33°40' to 35°00' N latitude. Approximately 17% of this
watershed area lies within Khuzestan Province. Positioned in the western part of the country, the watershed extends across the central and western
regions of the Zagros mountain range, covering about 50,764 square kilometers. This area consists of 27,645 square kilometers of mountainous
terrain and 23,119 square kilometers of plains and foothills. Within the Karkheh basin in Khuzestan Province, the region spans over 1.2 million
hectares. The Karkheh River’s average discharge at Hamidieh station is approximately 132 cubic meters per second. Figure 2 illustrates the study
area’s location.

Figure 2. Map of the study area of Lower Karkheh

The Karkheh River can be divided into three sections based on its longitudinal slope. In the first section, extending approximately 100 kilometers
downstream from the Karkheh Dam, the river has a steeper slope of about 0.08%, with numerous meanders. The second section spans another
100 kilometers to the Hamidieh regulatory dam, where the river slope decreases to about 0.013%. In the third section, from the Hamidieh dam
to its endpoint in Sosangerd City, the river splits into two branches, Hofel and Nissan, with the slope dropping to around 0.002%. Numerous
irrigation canals branch off from the river in this lower section, which continues into the Horul Azim Wetland as the elevation decreases.

3. Results and discussion

Implementing the extraction method for water security indicators alongside demographic and economic data poses significant challenges. Results
from the relative water stress index and renewable water per capita indicate severe water stress in the study area for the year 1400 (2021/22),
leading to instability and imbalance between water sources and uses. In 1401 (2022/23), however, water management efforts helped to stabilize
the water balance, with a water stress index of 0.2 and consumption intensity nearing a borderline instability at 0.4.

However, water stress remains critical due to high water consumption in agriculture, where the economic efficiency of water use is lower. To
address this, the economic sector’s focus should shift away from agriculture to other industries. Presently, in the study area, water tariffs set by
the government in 1401 are below cost recovery: agricultural water is priced at under 1,670 Rials per cubic meter, household and service water
(post-treatment) under 2,650 Rials per cubic meter, and industrial water under 46,000 Rials per cubic meter. Such low rates discourage efforts
to improve economic water efficiency. Annual growth in economic productivity of water was 0.6%, 0.65%, and 0.97% for agriculture, services,
and industry, respectively. Effective water accounting could enhance reporting processes and serve as a valuable tool for evaluating water policy
impacts.

3.1. Analysis of Water Security and Resource Management

The study of water security in the Lower Karkheh basin emphasizes the critical need for coordinated management between water supply and
demand. In recent years, water stress in the area has escalated, particularly in 1400, when a combination of overuse and inefficient management
practices led to acute water scarcity. This situation has highlighted the pressing need for sustainable practices that balance water availability with
consumption needs across various sectors, especially agriculture, which accounts for over 96% of total water use. In 1401, strategic interventions,
including regulated water releases downstream of the Karkheh Dam, resulted in notable improvements. Water availability per capita rose from
1,302 cubic meters in 1400 to 1,812 cubic meters in 1401, underscoring the positive impact of improved water management on regional stability.
However, these short-term gains must be maintained through policies that prioritize long-term water sustainability, especially given the intense
pressures from agricultural demand.

3.2. Economic Considerations in Water Management

Current water pricing structures in the Lower Karkheh region reflect significant underpricing, particularly within the agricultural sector. Set at a
mere 1,670 Rials per cubic meter, agricultural water rates are insufficient to cover even basic supply costs, creating little incentive to optimize
water usage or improve agricultural water productivity. In contrast, service sector water costs, after treatment, reach 2,650 Rials per cubic meter,
while industrial water pricing is much higher, at around 46,000 Rials per cubic meter.This discrepancy highlights a potential policy gap, where
subsidized rates for agriculture encourage overuse and inefficiency.To address these issues, the study recommends revising water tariffs to more
accurately reflect the cost of supply, thereby fostering a shift toward higher economic productivity in water use. By adjusting prices, water-
intensive industries, particularly agriculture, may be encouraged to adopt more efficient practices, potentially redirecting water resources toward
sectors with higher economic returns.

3.3. Environmental Impact and Ecological Sustainability
Wiater stress and intensive agricultural activities in the Lower Karkheh basin also pose significant threats to local ecosystems. The Karkheh River
and its surrounding wetlands, including the Horul Azim Wetland, are highly vulnerable to both water scarcity and pollution from agricultural




runoff. The wetland ecosystems are vital for biodiversity, providing habitats for various species and offering natural flood control benefits.
Continued water shortages may lead to ecological degradation, adversely affecting both the local environment and communities’ dependent on
these resources.Therefore, a comprehensive approach that integrates environmental conservation with water resource management is essential.
Restoration of natural habitats, combined with sustainable water practices, can help maintain ecological balance and preserve these critical
ecosystems for future generations.

3.4. Recommendations for Policy and Future Research

Given the complex interplay between water resources, economic demands, and environmental concerns, the following recommendations are
proposed: Enhanced Water Pricing Mechanisms: Revise water tariffs to align closer with the true cost of supply, particularly within agriculture.
This policy change could encourage water savings and improve productivity.Increased Investment in Water-Efficient Technologies: Support and
incentivize the use of water-saving technologies in agriculture, such as drip irrigation systems, to reduce overall demand.Strengthened Water
Resource Governance: Establish a multi-sectoral governance model to coordinate water allocation across agricultural, industrial, and domestic
sectors, with clear guidelines for sustainable usage. Environmental Conservation Initiatives: Implement targeted conservation efforts to protect
wetland ecosystems, ensuring that policies support both human and ecological needs.Continued Research on Water-Economic-Ecological Links:
Conduct further studies on the interconnections between water resources, economic activities, and ecosystem health, focusing on sustainable
development in water-scarce regions.

4. Conclusion

This research underscores the urgent need for a holistic approach to water resource management in the Lower Karkheh basin. High agricultural
water demand, coupled with insufficient economic incentives, continues to strain regional water security. By adopting integrated strategies that
address water pricing, resource allocation, and environmental conservation, policymakers can help ensure a more sustainable and balanced future
for the region.Water accounting frameworks like SEEA-W provide valuable insights into the relationships between water usage, economic
productivity, and environmental impact. Implementing these frameworks enables more informed decisions, promoting not only economic growth
but also environmental sustainability and social welfare. As such, water accounting should be further developed and applied in water-scarce
areas to improve resource management and achieve sustainable development goals.
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