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ABSTRACT

The Dez River, as the third largest river in the country, plays an essential role in the economic, social and environmental life of North
Khuzestan. Also, it is very important because it supplies water to more than 125 thousand hectares from the Dez plain and the lands
downstream of this plain to the place of Bituminous Dam and provides a significant part of the environmental needs of the Karun River. The
purpose of this research is to investigate the trend of quality and pollution along the Dez River and evaluate the effects of urban, agricultural
and industrial wastewater discharges on the trend of pollution and quality of the Dez River in 131 intervals based on the QUAL2Kw model. In
the calibration and validation stages of the model, it was determined that wide parameters such as flow geometry, river hydraulic conditions,
water flow rate, aeration coefficients, pollutant entry points, nitrification rate, oxygen demand, etc. in the river are involved in qualitative
modeling results. The results showed that QUAL2Kw water quality model is highly accurate in simulating quality parameters and pollution in
Dez River. The trend of changes in quality parameters and pollution in the Dez River showed that this river is better in terms of BOD pollution
due to the discharge of urban and industrial sewage, in terms of EC pollution due to the discharge of agricultural land drains (mainly sugarcane
plan) and in terms of N-NH4 pollution It is in a critical condition due to urban and industrial sewage and drainage of agricultural lands.
Therefore, it is suggested that all the wastewater of Dezful city, fish farming effluent, Haft Tepe complex and Pars paper factory should be
treated and then discharged, but regarding agricultural drains, corrective measures such as improvement in the type of irrigation systems,
fertilizers , the cultivation pattern of the area, etc., should be done at the source.
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1.Introduction

The Dez River, as the third largest river in the country, plays an essential role in the economic, social and environmental life of North
Khuzestan. Also, it is very important because it supplies water to more than 125 thousand hectares from the Dez plain and the lands
downstream of this plain to the place of Bituminous Dam and provides a significant part of the environmental needs of the Karun River. The
purpose of this research is to investigate the trend of quality and pollution along the Dez River and evaluate the effects of urban, agricultural
and industrial wastewater discharges on the trend of pollution and quality of the Dez River in 131 intervals based on the QUAL2Kw model.
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Figure 1. The location of the study area (a- the range of the regulatory dam to Abshirin station b- the range of Harmaleh station to Bamdej
station)

2. Methodology

The QUAL2Kw model simulates the river in one dimension (one dimension along the length of the river) along with non-uniform permanent
flow and can consider the effect of loading both point and non-point. In this model, in order to determine the concentration of qualitative
parameters, the finite difference method is used to numerically solve the displacement-diffusion equation (Chapra et al., 2006). In this
research, the QUAL2Kw model was used to simulate the process of pollution and quality in Dez River. This model is able to solve the
equations related to the river in both permanent and quasi-dynamic conditions. Also, simulate parameters such as dissolved oxygen,
biochemical oxygen demand, temperature, ammonia nitrogen, etc. in the river network. In this model, the qualitative simulation is done based
on the river course spacing. Spacing is done according to the hydraulic conditions of the river and the place of discharge of pollutants.
Therefore, the distance between the regulatory dam and Bandaghir was divided into 131 intervals with variable lengths. In the calibration and
validation stages of the model, it was determined that wide parameters such as flow geometry, river hydraulic conditions, water flow rate,
aeration coefficients, pollutant entry points, nitrification rate, oxygen demand, etc. in the river are involved in qualitative modeling results.

3. Results and discussion

The results showed that QUAL2Kw water quality model is highly accurate in simulating quality parameters and pollution in Dez River. The
trend of changes in quality parameters and pollution in the Dez River showed that this river is better in terms of BOD pollution due to the
discharge of urban and industrial sewage, in terms of EC pollution due to the discharge of agricultural land drains (mainly sugarcane plan) and
in terms of N-NH4 pollution It is in a critical condition due to urban and industrial sewage and drainage of agricultural land. Therefore, it is
suggested that all sewage of Dezful city, sewage of fish farming, Haft Tepe complex and Pars paper factory be treated and then discharged, but
regarding agricultural drains, corrective measures such as improvement in the type of irrigation systems, fertilizers , the cultivation pattern of
the area, etc., should be done at the source.

4. Conclusions

The construction of a treatment plant as a solution for all polluting sources seems to be expensive and impossible. Therefore, it is suggested
that all sewage of Dezful city, sewage of fish farming, Haft Tepe complex and Pars paper factory be treated and then discharged, but regarding
agricultural drains, corrective measures such as improvement in the type of irrigation systems, fertilizers , the cultivation pattern of the area,
etc., should be done at the source.
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ABSTRACT

There are two approaches to environmental changes; the first approach is based on ignoring these changes and continuing the current situation,
which will only result in further environmental destruction. The second approach involves identifying these changes from the past to the
present and formulating an environmental management plan to control these changes and plan for improving the environmental
situation.Monitoring and examining the water levels of wetlands using remote sensing to protect this natural heritage has received significant
attention in recent years by many countries, and this is considered the first step in identifying the problem and attempting to solve it, making it
of particular importance.The Heshilan wetland area in ENVI 5.6 software was delineated, and the errors in Landsat satellite images were
corrected radiometrically and atmospherically.The 30-meter pixel size image was converted to a 15-meter pixel size to enhance the spatial
resolution of the study area, then we normalized the surface reflectance values and used the Target Detection Wizard in ENVI 5.6 software to
determine the area of the wetland in Heshilan in February of each year during the years (2000-2022), and the Shape File output was called in
ArcMap 10.8.2 to calculate the area of the Heshilan wetland in square kilometers on the date of satellite image acquisition.The results of
interpreting satellite images in the years under study show that in 2005 and 2018, the wetland had the highest and lowest surface area,
respectively, in the past two decades, with an area of 3.83 and 0.34 square kilometers in those years, respectively. The results indicate that over
the past 22 years, the wetland has faced a decrease in water level by 0.79 square kilometers for that specific month.The research results
indicate that analyzing satellite images using remote sensing techniques can effectively demonstrate changes in wetland area over time
intervals.The results of interpreting satellite images over the years under study show a decrease in the extent of the Heshilan wetland,
especially in the western and southwestern regions of the wetland. This decrease can be attributed to natural phenomena such as drying up of
some springs due to droughts and periods of low water, as well as adverse effects of human activities such as increased human access to the
wetland through access roads in this area, land encroachment by villagers converting them into agricultural lands, presence of deep wells in
surrounding lands, and exploitation of wetland water through irrigation channels without proper consideration of water inflow.In these
circumstances, the wetland ecosystem has completely changed, and other aquatic birds no longer live in this area.Considering the unfavorable
trends in Heshilan wetland, continuing the current trend could endanger the existence and integrity of the Heshilan wetland irreversibly.
Ecosystem management of the wetland through formulating a management plan to preserve and restore the structure and functions of this
ecosystem with long-term stability can be a solution.
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1.Introduction

There are two approaches in dealing with environmental changes. The first approach is based on ignoring these changes and continuing the
current situation, which will result in further environmental destruction. The second approach is based on identifying these changes from the
past to the present and formulating an environmental management plan to control these changes and plan for improving the environmental
situation. Wetlands are one of the most important natural habitats in the world and have many values and benefits, especially in energy
circulation in the environment. In the last 20 years, the area of many wetlands has decreased due to the increase in industrial and agricultural
development and the lack of water in arid and semi-arid regions (Cui et al., 2009). One of the effective tools in the field of wetland area
changes is the use of remote sensing technology and satellite data. The use of satellite images, due to their wide spatial coverage, high
resolution, low cost, temporal archive, free access to satellite images, and the availability of practical software and spectral indices, has
become very important in estimating the area of aquatic zones. Monitoring and assessing the water level of wetlands using remote sensing to
protect this natural heritage has become a focus for many countries in recent years, and this is of particular importance as the first step in
identifying problems and attempting to solve them. Heshilan wetland plays a significant role in nourishing and increasing the stability of
underground waters, preventing floods, and promoting agriculture in the region, as well as providing a unique habitat for native and migratory
birds to easily pass winter. The aim of this research is to monitor changes in the water level of Heshilan wetland over a 22-year period using
remote sensing and geographic information systems.

2. Methodology

Landsat satellite images were downloaded from the United States Geological Survey website. After downloading the Landsat satellite images,
the Heshilan wetland area was delineated, and the images were radiometrically and atmospherically corrected. To enhance the spatial
resolution of the study area, the 30-meter pixel size image was converted to a 15-meter pixel size image for better spatial resolution (the 15-
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meter resolution provides more accurate information than approximate surface area estimates of wetlands), then we normalized the surface
reflectance values. The Target Detection Wizard tool in ENVI 5.6 software was used to determine the aquatic zone area of the wetland in
Murch of each year during (2000-2022), and the output file was imported into ArcMap 10.8.2 to calculate the aquatic zone area of Heshilan
wetland in square kilometers on the date of image acquisition.

3. Results and discussion

The results of interpreting satellite images over the years under study indicate that in 2018, the wetland had its lowest surface area in two
decades, with an area of 0.34 square kilometers in that year. Additionally, the highest area of the aquatic zone of the wetland occurred in 2005,
with an area of 3.83 square kilometers. The results show that over the past 22 years, the wetland has faced a decrease in water level by 0.79
square kilometers for the specific month.

4. Conclusions

The research results indicate that analyzing satellite images using remote sensing techniques can effectively show changes in wetland areas
over time intervals. The results of interpreting satellite images over the years under study show a reduction in the extent of Heshilan wetland,
especially in the western and southwestern regions, which can be attributed to natural phenomena such as drying up some springs due to
droughts and periods of low water levels, as well as undesirable effects of human activities such as increased human access to wetlands
through access roads in this area, land grabbing by villagers converting them into agricultural lands, deep wells around the wetlands, and
utilizing wetland water through agricultural canals without considering proper water inflow. In these conditions, the wetland ecosystem has
completely changed, and other aquatic birds no longer live in this area, with many migratory birds moving to tropical regions, depending on
their habitats along the migration route. Given the unfavorable trends in Heshilan wetland developments, continuing the current conditions
could jeopardize the existence and integrity of Heshilan wetland irreversibly. Ecosystem management of wetlands by developing a
management plan to preserve and revitalize the structure and functions of this ecosystem with long-term stability can be a solution.
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ABSTRACT

The main cause of the destruction of many bridges built on rivers is local scour around their piers, especially during floods. The failure and
destruction of bridges, in addition to financial and human losses, also cuts the communication path to flood-affected areas that need assistance
and doubles the damages. The present study examined the effect of transverse distance between vertical rectangular piers in the pier group on
the local scour around them in a straight channel under different hydraulic conditions (Froude numbers 0.160, 0.186, 0.211, and 0.245). The
piers used in this study were rectangular 2.5 cm wide and 3.5 cm long. The longitudinal distance between the piers was fixed and 4 times the
width of the pier (10 cm), and the transverse distance between the piers was 1, 3, 5, and 8 times the width of the pier, which were equivalent to
2.5, 7.5, 12.5 and 20 cm. The results showed that with an increase in the transverse distance between the piers, the maximum scour depth first
began to decrease and reached the minimum value at a distance three times the width of the pier, then with an increase in the transverse
distance, the maximum scour depth increased and reached the maximum at a distance of 8 times the width of the pier. The maximum scour
depth at a distance of 8 times the width of the pier was obtained on average 34% more than the distance of 3 times the width of the pier.
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1.Introduction

Bridges are built to connect the two sides of rivers. As a result of the flows hitting the piers of bridges, scour occurs around them, especially
during floods. Sometimes the degree of the score is so high that it destroys the pier and eventually the bridge. Every year, many bridges around
the world are destroyed due to scour around their piers and abutments (Ghodsi et al. 2015). Various studies have addressed the scour formed
around bridge piers, mostly single piers, and the factors affecting it. However, some studies have examined pier groups, but the number of
such studies is smaller than the studies conducted on single piers. Cylindrical piers are mostly used in the mentioned studies. A few studies
have addressed the effect of the transverse distance between the piers in the group of piers, especially rectangular piers. The present study
hypothesized that the changes in the transverse distance between the piers are effective on the intensity of scour around them in the pier group.
To this end, the present study sought to investigate the effect of changes in the transverse distance between rectangular piers on the local scour
around them in the group of piers with a 2x2 arrangement.

2. Methodology

The experiments of this study were carried out in Flume with a rectangular cross-section and length and width equal to 6 and 0.73 meters,
respectively. The sediments used in this study were sand with a relative density of 2.65. The average size of the sediment particles (dso) was
equal to 0.73 mm and the standard deviation coefficient of bed sediments (o, = \/dg./d16) Was equal to 1.22, which indicates the uniformity
of the sediment grading. The piers used in this study were rectangular 2.5 cm wide and 3.5 cm long. In all experiments, the pier group was
used with a 2x2 arrangement. The longitudinal distance between the piers was fixed and 4 times the width of the pier (10 cm). The transverse
distance between the piers was chosen as 1, 3, 5, and 8 times the width of the pier equivalent to 2.5, 7.5, 12.5, and 20 cm. In this study, the
flow depth was equal to 14 cm with discharge rates of 19, 22, 25, and 29 L/s (Froude numbers 0.16, 0.186, 0.211, and 0.245). All the
experiments were conducted in clear water.
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3. Results and discussion

The scour rate around the piers is a function of the flow Froude number, the distance of the piers from each other, and the row of the pier
placement (the first or second row). With an increase in the Froude number, the scour depth also increased due to an increase in the strength of
the erosive eddies and the bed shear stress around the piers.

In all the experiments, the maximum depth of the scour hole was observed around the piers of the first row. Figure 1 displays the trend of
changes in the maximum relative scour depth (ds,/w) for different distances and Froude numbers. As can be seen, with an increase in the
transverse distance between the piers, the maximum scour depth first started a downward trend and reached the minimum value at a distance
three times the width of the pier, then the trend of changes in the maximum scour depth increased and reached its maximum value at a distance
of 8 times the pier width. The data showed that the maximum scour depth at a distance of 8 times the width of the pier with Froude numbers
0.16, 0.186, 0.211, and 0.245, was 39.5, 35, 35, and 28% greater than the distance 3 times the pier width, 37, 37, 32 and 14% greater than the
distance 5 times the pier width, and 30, 25, 20 and 10% greater than the distance 1 time the pier width.

In all the experiments, the maximum scour depth around the piers in the first row was greater than that of the piers in the second row. The data
revealed that the maximum scour depth around the piers in the second row at transverse distances of 1, 3, 5, and 8 times the pier width was on
average 35, 48, 40, and 42% smaller than the maximum scour depth around the piers in the first row.
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Figure 1. The changes in the maximum scour depth for different transverse distances between piers

4. Conclusions

This study examined the effect of the transverse distance between the rectangular piers in the pier group with a 2x2 arrangement on the local
scour around the piers under different hydraulic conditions. The results showed that with an increase in the transverse distance between the
piers, the maximum scour depth first began to decrease and reached the minimum value at a distance 3 times the width of the pier. Then, with
an increase in the transverse distance, the maximum scour depth increased and reached the maximum at a distance of 8 times the width of the
pier. Overall, the highest and lowest scour rates occurred at distances of 3 and 8 times the pier width, respectively. In addition to the depth,
similar findings were also observed for the length and width of the scour hole. In other words, the maximum length and width of the scour hole
were observed at a distance of 8 times the width of the pier. The data revealed that the maximum scour depth at a distance of 8 times the width
of the base was on average 34, 30, and 21% greater than the distances of 3, 5, and 1 times the pier width, respectively.

5. References
Ghodsi, H., Khanjani, M. J., & Beheshti, A .A. (2015). Experimental investigation of local scour around a complex bridge pier. Journal of
Experimental Research in Civil Engineering, 2(3), 47-55. https://journals.sru.ac.ir/article_337.html [In Persian]

6. Conflict of Interest
Authors declared no conflict of interest.

7. Acknowledgments
We are grateful to the Research Council of Shahid Chamran University of Ahvaz for financial support (SCU.WH1402.31373).

Cite this article: Hosseini Matin, S.M., Bahrami Yarahmadi, M., Ghomeshi, M., & Shafaei Bejestan, Mahmood.
(2024). Experimental study of the effect of transverse distance between the rectangular piers on local
scour around them, Advanced Technologies in Water Efficiency, 4(2), 43-58. DOI:
10.22126/ATWE.2024.10621.1123

@NOIE]

Publisher: Razi University © The Author(s). BY NC




1 639 0y 3 by G (9l

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

(S0 g0 (et w1 31 S5 Judians SOAL () (0 35 Aol i (BRI 3T (o y 9
BT St b

& by £ dgomme ¢ 107 B g ¢ 19 BT cnanl,l ool s oz ¢ 1) e s oo S
casblyly el lonl lanl o) o S oSl e oo 5 O pmige 01515 ¢ Silgyied slbojls 5 Ll el pas sukige A5] slid S (ggztils
mojtabahosseinimatin1997 @gmail.com
m.bahrami@scu.ac.ir :asbll, .l p) lgal lgal oy duaud slEutild cumn jlame 9 O owdise 0380l ol (claojlo 09,5 HLuiil ¢ Jgtummo odim s ¥
ghomeshi@scu.ac.ir :asbLl, .\l pl jlgal ¢jlaal o)l yen dad ol com jlao g Ol wodine 04Kl ¢ ol (slvojlo 09,3 sl ©
m_shafai@yah00.com:acbll, .yl ! loal jlaal o) pea suad o5l i jlamo 5 Gl oartigs 038l ¢ T (slaojlos 09,5 skl T

DS

Slyn 3 logasee bl otk Ggal > (rdge (Sind O digdon il balizg, 3 o by 5l gl s (ol o
9035 ghad 5 1) Sy SeS glizes g 1S Jow blE 4 (bl o]y (Sl g Jlo ©llud pogMe by 0595 5 Cunsid canl (2w
St S gty 095 3 @I (Llats sl o ()5 Aol Gy 4 gl Gidod 3 S e iz |y olus
ol 005 4B lsyy ((/YED 9 +/YNY o/NAS /N8 + 39,8 shacl) ciglite  Sgydun bl s v atitane JUI 55 byl galy adge
o o Aol s ol > s Ol e 5l VIO Jsb o Y0 o e 4y 5 JS Uabats yils 300 5 o0lizsls g0 (ol
Yo o WA MO NBL Joleo b (oye ply A g0 ) al o oy ol 5 (jieasle Vo) &b (S pulp ¥ o coli sl
alols 3 45,8 1y Jo5 gy ) St OF Gas sSlis bagly oy ode alols Lialsdl b a8 ol Sl ol b sl el
05 Ay Aol 3 g 2Bl (il (St Of Ges wSlis 50 ol (I L (g o) e JBlis 4wl (058 ol 4w
0555 Alp ¥ ol ) G 200 VF bt joboty b (00 plp A Aol > (Std o Gas Sl ) ke (i 4 4k

Dol Cawd 4 sl
WB3gy diges ¢ o ye Ahols ¢ Llatus 4l 09,5 ( mdge (Siwd Ol 1 gIS gWrojlg

VoY 55 o) 1 Sig SN Ol ¥ ol 3 V8 10y AFY Bl 5 ) Mol VF Y a4 Bl 0 1l Ayl

o 2 IS Judatine (dsls o wdye dlold il gm@.‘wbj oy (VFY) o coliwoms (£lad g ap o iad ep (gdonlyl (ool oo cpipw oo s L]
10.22126/ATWE.2024.10621.1123 : Jlusws awls F¥=0A (Y)¥ o/ (0490 40 13 4ibpuityy ‘;Zz"()}l.’_é‘l.mof Blbl (abge (S

535y © sy ol 30
BY NC



https://orcid.org/0009-0007-6108-063X
https://orcid.org/0000-0002-8361-1645
https://orcid.org/0000-0003-3688-9561
https://orcid.org/0000-0002-4859-6873

£Y-0A c(Y)i AEXA N c&,’i S99 0k 4o ASSW ‘_glh d)sw /ul)&&9w§o w

LV RV

L 8l o 3lasl (St Of T Bl )3 0,8 0 )13 bz sl 50 Jp 4l By s 0dibgy S 2 B ()3 )3 g S
S e by 33 J Ol dloaan 58 o0 18 s (opme 3 ol bl iy b sesliish & (Sand Ol Gos (s,
Caol 03,8 Jorino 395 & 1) wilBdg) Cpowdine 5 (pdiee (2 &S Caold Jlw dliwo (pl 5 Mg 0 oy bl laasly Glybl o S
(YYF XYY e 5 0315 g 5 e)YAF (S0 5 o)

& Cons 4y Casbga g pwdin JS5 amd e )15 b cov ) ol S g A8 e Jos ol Blie o ule ot 4l

—o 9y 4 ab SLbl ) odomy ob)S slaailebs sl S5 by Cundy s > il Jolsd g olu riomen 5 (b2 sl
—ailols iz 3l el ppo Jole 53 e oo bdsol (St O oyin a5 ok laaly Bkl 5 JssS yin el byl 3,Slas a8 1]
503 S 1) Tigl o G5 s @l 2)5 sl b Sl Gl 08 b 00 5 Ak @ ol D8 S sl e
(M0 0liusld ,g0) Bgub oo T Sl slacly S poldgagas el aly 5l by 2l

&3 > @ o 0,58 ) e el ol sl )3 ofagh b igeli B39, s il d ol ol ol S OIS
Lt oS o9 e Sl ly o 59y 22 (Seelid LB s 9diee 5 o s By yiu Sl s pu &5 (2 (53908 Sy
S5t 53y 4 bz 38 D9800 wl ol 3 ik 4 gy Glir Skl el Lad pLalS cpl el b 4 VL 4k )
o 3L oyas 31 O wos B b oo deld) ju3 o ol b 10,5 gy St Ol 0,0 jos 3945 oo (St Ol Al jés el by
) ol 48 ol ol 15T Cod il 098 jpin 0 (Stud ol Ll (VM Tl 5 osle) ples Slas |y )5 (550 5
355 45 gl elp 9dee il 09,5 Lkl > (Sid O IS5 5 Gos i Coly d290 Sl IS e oty LSS 4 Cud
] oo 325 09,8 Bl el Byl (mdge (St O 13 e slajial)ly oMo sl 41l 09,5 S, 5l rand

CRRgF Al 9 S (Sl
4 (VA9) 2ol 5 15 sl ond plowl 0SSl s 5 31 53y kel (Stud ST L il 3 ilisee liios 458 )
25,5 i > a4l 5k plp ¥l o abols sl (Kb Ol Ges 69y 2 4k 098 L ol 355 4l b 2Rl )
Ol Gos Al g i (Siwd Ol 2013 3 Lol Jolo ol o slosld 3 s 3 Yo 5l a8 (sl (sl a8 390 )] 5 (S gols s
(Yo Vo) o g woS o . odnalive dn > YO (65,8 gl 5 (Sid O o i opl 1 03958 b b)) CamdVl a0l )3 Sandd
s JUS Sy )3 (rdge (Stud o oo yiagie Vo g 00 XD cilisee b aus b (slailyil sladly 055 aly 51 s
b abog,5 Blibl  Souws Goe &S b L bt s )T el s 3 V0 g Ve D v B bt 4 o |y eyl a4l byl sl
YohlSen o Y 58 Ly (ials 4bSh 4y cond (2Ugd s il 50 (St Of Bes aimen g 1S (350e Al 4 G &
(S Sl Gas Sl 4l 095 b gl 358 gl 51 izmen g 4k 09,5 0 laasly  Jsb Aol 51 s pslatens (V4)Y)
loasly e Alols &y iy ¢St o Gar y1Slis oS ol L5 o] 3486 gulis 160l plog] (gllitl 4l 09,5 Sy el soloinloj]
o ety glilgl 4l & by 3)55 5 gl S (YA A pllSen o jlans sl s 05,5 & (b 3)55 5 gl izpen 5 b 055 5
augl) 0 o o Culy slaasly sl ol Glodr e & O (LS s B8 50 1y ] LI (St Gl Gas 1 o0

1 Valizadeh et al

2 Horseshoe Vortex

3 Wake Vortex

4 Melville & Sutherland
5 Zhao & Sheppard

6 Bozkus & Cesme

7 Lanca et al

8 Memar et al



Wl b1 xgn sShumia] g3 S Jabimns SB1l 3 (55 Bl T aluiiglo}] ono )y

Sla ] UK (659 iy cstaog,S il )5 g (S o e (-7Y) K 5 (oIS bk s 5 42+ 5
Oial53l el al 09,8 Gl )3 b je edlius] Zlael £e8g a5 wizdlyd byl 0,8 wyp (s2ye odbi] zlgsl 3539wl Cou il
|y llgiasl b cslaog)S bl adgs (oKt ol ol (V-¥F) ¥y g (ool w29:d oo ladgly bl 15 St o o2 5 Gac
90 (St Ol os jShis S st ()0 glsel £58y 45 o> (L5 o] 3uioS gl 0,8 s 5y o3l glgel 5T o
o ol 51 (WAY) lasl sllas o g 290 Jo) g <l j) iy pod ggo clls 1 o 13 & ama e ial3él oy b1 13 1,
A5 pbul sl (ope plp ¥ g Y /0 /YD Juolgd (sl W jialosl 155,S" swyp ) YXF il 09,5 )3 (S Ol os piSTus p laaly
ol g S8 Jolsd sl Sapsbar opde it ol n alols J1al L bal on Jlie 510l ol bl Gios gl
5 03,5y (il (St Of s doasly (o dlold G151 L 5l 2jie s (gl Blize lade il 93 2930 (St O Gas Sl
ooy b loal ) (Std Ol Gas i ol 09,8 bl 51 (WY 00l JUBl g (gioel sl 30 iy > (St Ol Bos g5l
» b clacas, slas Sl pgs b ¢ ,Koten 5l byl dols § ol (il 51 Jol el bl pwyp <l 93 Guios ol 5> 233,
s gn (S ] Mol 505 4l ol 09 oty o8 il 3 ol 4 ) v ol o] ol oS s
b oas ooy lis adiog oyl ) cpomens 8l o 3651 ol cand, Blibl )3 g laasl 09,5 candVh 5o (Siwd Ol Gos oy 455 0ba
Ol Bos Olyus dacid,y ol ol 5l i b e Lol (Soud O Bes by caa pd al s plp O U laal cas, sl iol53)
il el 09,5 5> (St O lie g5 1 laarly Gl 5 Jobo abols 3l gy 4 (WYAF) gliler 5 Glosbo 2 il (S
o 4ol =8) SID= 3 b Ll cpl bl Lialil Stss o e dnptaly] dad o Alold il b 45 sl Lo 3udos ol gl
oy o> g Colue da dlold g bl Lil)l 0,8 Iy (il cusa SID> 3 5 @l g ol (oS Hlade (4 ,hé =D g laasl
il Gl (St o i ol o Kot o e dal ool il L sty S b o 1y St
Oil38l b S oy L guls Llsyl 8wy pdyee |y S slopld 4l 09,5 Blbl asge (Siwd Ol Ges (WAY) o) Ken g o0l
2oy Yo 5 dgd 0 bl gl b 4 peuiSle (Siws Ol Gos (4 ks =D) 2.5D 4 D I (G) baasl jSy0 4 30 alold
T oty by GID= 5 sl sy 5 a3 20lS Jy s 5 (S5t ol o i bl oot ool Ll b iy il
Slods b obaw 5 obgd claal 09,5 1o S Ol ges Sl obj,l 4 (WA0) o), Ken g g,y 05 G/ID= 1 clls p>  Kiws
Jao g ite 4230 B+ jllaal 4 ol 3,8 0 al) e 5 (D) il jlad ply Ve Bl ¥l ol (g alold . aslsy (las
ey ol > 45 3 oL a sl 5 g el ¥ iy Lol Lo 5 o glaie b bt 5 & 53 ol s loil o5
o 510 4S5 &1 2o SIS o 5 8 I3 L) iy oot 4ol SIS s 5 )y ] S5 ol e 51
St Sl Vo pod aily (St Ol o ks izmon 5D alols )3 5 4y (St o 1l WV gl ol (St o
Vol 4 pgd al GBlibl  (Sowd O Gos > A0 U jao 5l bys 3,05 digls oli3l b cpioman 0l &, 4D alols )3 g aLSS
e 9 4L ol 31 1l aanl oo alold jial38l b pd ¢ Jol 4l Gl bl Siws O Gos Sl b lods jd .8l yiulisl as )
Ol Gos Sl piman 4D dlolé 53 5 4SS (St o VA Jgl aly (Ko O Gas 81 aSygb 4 058 by talS
oyl IR g al BlbI  (Sids Ol Ges yiSTus b #, 5D alols 3 g b (Sawd O plp VY pgs al (Sius
Sl 05,5 53 08 5 sy b b ol ot S ot ¢ (FAA) oS 5 S5 L3151 11 BD) el 5 a5 S
&S ob Gl uls b edlaiwl el ¥ ojled & SG ldilgiwl al £ 5l ime cpl j0 By A5 a0 VAL el 0 LB S s

B30 &) 0455y Lyl g 420 Fr Camge 3 (I g 5 g (St Of Gas i

1 Soltani-Kazemi et al
2 Salemi et al



£Y-0A 5(Y)i AERA ¥ 6‘7" $J9 00 40 dﬁﬁw ‘_gl.h ‘5)9[?3 /u‘)l&o‘hsw’b o>

LT bl )3 gl 55188 ol onplonl ol 2 50 Jelss 9 b sl Ggolm (Sind Ol gy (e Slagiod 42535
U5 elailsiol (slaauly 31 181 158 cliios 15 o] eSS 51 a8 &S Canl 4355 & pg0 il 09,5 (555 52 o5 (oHliaios Azl
Sl Slidos (uats S5 4 sl logase bal 05,5 13 bal g oye alols b osas ) ol sadeslinl
09,5 > gl gl (St Ol e 2 sk o (055 Abols Clits o ol () 50l s (B dinsi 4058 ool oadpls]
9ol (mo90 (St O 5 IS5 ilats (sladly o (08 Aol Sy Sl gy 2yl Geios ) B bl ] e ol
VXY ialT L claal 09,5 33 byl

T JEIY

385 egld s pbul Sleal 4l yen dupd oD Cunjlasme g Ol wdige 0uSily gy oKiiulojl 5 guins oyl sla yiales]
Ol g o IV 9 2l i gl (oe g skl s alaiie b s poll S (285 )15 oolitulsge G )
oddodly L (V) JSb )3 a5 Dy yie due Vo colius b o yoSu duind ol (sloolgsd ui g (o318 pgld ClSul gy yho 4 Ko
Cped A Cpied Lol oddduss a.wS,ol)T O S5 pold ll p Do £y el pold ) A,J ey 5l ol b 450,3‘ dl).g o
o S ool ol > 39 oo 3y (Blis oo by ol b 05 oolil JgS Ly 5 8 Sk ko 35 b (53935 52 oo
33t e Vo Clbusly S Sl o] iz o 331 833005 oy e i 5 LSS i (95

U:‘AJ.R CJ‘-’-‘J: nL&:.,.h)}« th A J;.\:v

2985 oy 3 oge 3l o Gl Sl 15 (0988 Sy g 5l e g pold Slel )3 el ArXE XA Sl L (g3 e S
— s 90 Cany 348 duw bawgd S ydd oisloil T paeli B o sty 0,8d il 4 dlg) S bawgi L Moo e ol 3l

S 3 b 5lid el (dlp e cpl 08 oo Sliey Sl b (e 90 4 i epdd el I ) Ol sy pl 088
Abon pold 2)ly Ag) 5k g oyl (el e 31 e Ol ol 005 il cpgld & BN, (3959 (20 9 olSlo] o]
Gl Qo yd [0 (53S0l CBd b iyl ) S s Adgi Ve v r Gl uabolineg il guins (00 (8uios ol 5o odlatwl 550 prinw o

Fo ylaie pl (ly 85 0 g yiahe V By b XBLOKLY (65 o | ool b piolojl p 53y (B g5 ol
0351 I (oSl i 3l dohio b o 0303 )13 (13,5 o st o (258 )3 5 plE 59y 2 4S) Erde g Blad laiio (55, 1 (653
bl 1y Wodls el p cas pold (o ye 0 CS e ol axins pl (g9 p (8y5 o Dgr 0l zyde (slas )b o lawgi g

Ol o e VY ol (A50) (ogw)y @l bawgie o}l g YIEO s JE> b dusle yuin I s o) )3 o3lald yg0 Slgus,
i o Bl olien (VAAV) sl 5 5o Sty 3lle (gmgn (St o nlS 52 Slogy (1St 3] Bl (sl 03
g CSIgiSs oxind L & 15 anwloxa VYVl (0 =y/dga/d1g) yiuw gy 38kl Blyl oy ail 568 VY il 3
Sy O 1yt ) 03l 15U 51 oS ale gl ol a3l jas Slguy sanail oo (V) U5 50 sl Sl sanails



| 8T e Pl 5 s ol A 1 A

5 69530 (Al Loy = W g cady o, eyl sl =M) MW/d50>20-25 sl (S o Gos piShis bl 11 5 aidge
WO £yl g yio V0 Jsb a4y (Linlo)] 0394x8) (Sb Sy 50 sia Sligusy sl FA iy s ] il alllas s (VAAY sl
(sgw) wSb Cawd iyl g CandYl g 0 YYD ply pols (glan) 51 uSL (slunl alols b aisy ) ccadly J1)8 pold bawg 40 oS ol
5 oliuldyge slaal b aBle pgw) Sh G9)> Slgw) pled (45 dlud Iy el Caa yianilo V0 el 4 Sloww SL
Lol 09,5 5l layiolojl aen )3 39 gn 5l laasl Luin i Ol jro lo Y/ Jobo 9 Y/ (oye 4 g IS5 Jubats pils a0
50X bl oy oye dhols 05 48,5 a5 3 (el Vo) sl Loye il ¥ o ol byl oy Jsb alold .5 oolizl VXV i)l
33,5 Sl yagles Yo g VY/D /B XID L Joles asly (oys il A

2 Ll el g anl 515 ol b ol maw 5 sadabyl S zse saohs,S (VA-) Ll i b GeseS gl 5
Joho b 39 o ) (St O Bos (595 2 onay 0l 8L ALl sl calplis 990 (Sind O Gos il g (8 4 gy (b
Pl oo Yo Jl e ol Gos 0l 335 S (Sad O (9 st 65 Sl el 3L 0l 8 pl Y5l Gl 0l Ges
Ol dtodgd a4 mdge (St Ol sl Y5 Ol bulps 13 bys Cae g Sl cole) (obyn Bos s 50 5503 Caonl Pl 4SS 4
CSp pie e 4y (St Ol ojis Gae Sl Y5 O (St O )3 395 oo (ol 0255yt (St o 9 SV O (St
0y gy (Siandd Ol oyis ol CandVl yiw Cguy oo e 4y 0155 i (Siad O 3 .3,5 0 3Ll il Cuns VL ;5 Sligu,
busgio Ceps 3l (V) gl buogio o &8 39550 2l (Gloj 035) ju (St Ol dmd o Sl 1) (Std Ol oy 3es
o (Sas ol wsb (0.3v, VSV ) wisb o3game 3 by bawgie e (5100 jui (Ve) ()3 <8 o bl e pu) oo
o) 048 Bl e Lo VF s gl Sl as Baiod ol 5 005,53 (las b g b .(VAAR T Jyslo 5 04 39500 Syl JY;
3 dadllas cpl > VIV s a oolil (+/VF0 g «/YVY o/ VAS /N8 39,8 slael) asl ) YA 5 YO Y O gl oo 5l img
bl (cly woye alold ¥ il & dn g b .l a8 Spbosl JY; Ol balps )3 b islejl aldS 11 g +/AY JI+/5Y 0 b yisle)] don
ol 336 V8l b ioloj] £gemme b 43,5 a5 13 b 0,5 ya

bty oo Pl el a4 Slojcse (b 5 s g 03,5 dmwgi loj cudISL g 03gr yloj @b oy al BlbI > Siwws Ol Ges
b GljeSe ST 9 ok 055 gelyy (rd9e (St O 1 laasly o (o058 ol o B 3l B 3 Sl 4y g
A ool b yialos] plos (gl el &

1 Raudkivi & Ettema
2 Chiew & Melville



EY-0A (V)L VEY (O (559 8540 50 b ypaby S (5 y9Lid /) )S0 g (yaio (simmns

bl 5 5l g8 sl es S 5l ales Y S

100
90
80
70
60
50
40
30
20
10

0
0.001 0.01 0.1 1 10 100
(i) 05 s

S Oliguy (gldils v ¥ IS

Cops Mo )d

Sialojl plowil £

Sl )5 on e g 5 Ml i Sligus o g 2 on s S0 | ey e ol ialefl a9y 51 3
—o bl 63 e ) edlisol b ol geli izmed g sl Cundily g CandVL ) s pB) aigey st (352 Sl 5 lisell
2945 310 et el Pl (sl P gl (3l b 4S5l )3 b I tle] dan 5 sty gl 0ad Sl ped) cnl 08
4 psld 50 O Bae aSljlan 98 (68l yium (ol ® 5B 29 4l 1) ) gas 3 oS o b by 4SIynd (8 5L g psld sles]
Lol (20 bt 51 g 3,5 o0 ol ) Ol Bes (I3l el jal ol g 0B 0 031 (I3 (0 gy dpmioo aslo Ve 290>
S celo & S Sy s gopb pialejl PR (al 0 0,8 (oo s o Bl N do 3 OF Bas (9dS Sa)pe 05g) ol
oy B0 5 2l Gl Gl 398 s 5 I T Ges U ab e eaysl YU psld (Sl (98 e bl el 908
e kb SB35 J  oielesl yp el 3 33,55 psld 3y ol U AB e i HelST oy oIy s 395 e P03
oo 05) JuST l8le 5 55 sy (slaedly g 030,50 Cubly (o e V B L) (6y5d) yio 3l oolitul b yws 31,5 gre8



el SIbl xdge (Siwmdal i JSub Jubtivune Sy o (o5 5 Wold 1 (A bojl o) 2

aazdly

Sdgydn bls cov byl fesl awdge (S O e g bagl 09)5 oye dlold yuss j ol mls guiss ) Gise ol
g g0 duglio ;385 b g 0l caliseo

Byl 29,5 Blyb! (g )liS gy 5 (N O (595!

5 (Std O oS (F) U s eolazal SUMTRE 13l 5 5l laasly 05,8 (igeliny (618800 5 (St o 6580 s sl
alas Mo b S5 55 €85 b ams o ()L Cilises 39,8 slsel (gl 4l poje pln A (0850 laalols 3 1) laasl 09,8 Sl ()l 0w,
Aol iua ey 3958 306§ b oS ) 3 (oKt o e 48 02kl il Sts o oyl ) paS Gl o 48 08
oS 28l Gual3l (Sad O Gos ol 298 30 (I3 L Geod cnl )3 el (pgo b gl cind)) 4l 6508 ey 9 ,S0nSs Sl el
) 4> (Stud Ol (l oMo sl ol (gl 53 st (S G5 rimed g ol (sladils S 8 (I I L6 ol
2l ol & el Syl i) slaaly ) oS pg> sy sl sl ) (St o Gos @lyy Cal pgd oy sloarly Sl i Jsl
@3y ol s 5l G by sl Jo sy ol 1 ieS ped hd) ol 4 0uiS0)55 p lja Cas e & Cunl ) I (23U
@39 5l 9 03)5 S b Bjbay jlas (LS S cle 4 bl )55 5l e Ol Sedie S g JIBE s gl
2 bl 4ali ) dly iy i g Gl &8 0kigyoml ol 4 29be S 8] Ay e e (St Ol Ay jis el
Ol 3 Al yis el oS 3,5 0 JSB b Bk 93 3 (ol 5 O S L g Soile Gl ekgioml gl 5 Job ol BB
5 0l 2908 2o el g oo Jitie Casdimly Bty Sojle Gl red by (St Ol ol Sligu) (s 53 2500 4k
cppeS IV 39,3 b o sialojl )3 3,5 o (S O liwe st el 11 g 3)35 o pib 13,5 i 2] 59y 32 AL oy Alold
Sl 31 Sos O oo oy o +/YED 395 b Liolojl 15 g (S O (e

| =

NG

Son ,
10-& U_P i > ”b‘_"

120 1o 100 % 0 0 60 120 1o 100 %0 50 0 60
X X(

(C‘S=3w (o S=IW (1 Juol g (sly 5 1/YE0 55,3 508 I3l 4 gl 05,8 O gal s (SN gony s (Ktand ol S e Jsé
.S=8w (> S=5w



£Y-0A 5(Y)i AEXA N c&,’i S99 0k 4o ASSW ‘_glh ‘_g)sbé /ubm’wﬁo W |

Jol causy slaal Glbl ol o claals S @i g s cde @ ol cndy abgd (S Of s a5 amd o oLt (¥) S5

Gl ol @ligusy sl 3T a4l Joye il A dlols 15 Sid O e i ol GlaSy Loyt bl Gos 5 diten o lie

ol gt o] 3 &S ak Uoye plp A pdye dols ) (g ire Al o pgd oy sladly Cundimly ) (St
Dy Jolsd audy i sbdl slasl  Sowd

(S O Bos Sl (Jsb Jdg

e oy O 2 &Sl (oo i A o e Aol (gl (St O Al Gae gSlis sk Jidg St ) (0) S5 0
Bos 9 Job by 2958 dae il Bl bl jope plp A Lojpe alold ) a8 oy L ot el ssedly jlis ksl slasl  Sews O
5 155 o Gl Yol Lol a5 (ol 5 ols,S 85 Gl 5] b ol 45 58 Ly il St ol s
095 bl Sty O (sloally (ol yasd Ll L kol sles 5 48 ol 1yl S ol ol Jobo (sdausgs ool iy 90l
sladls cus smd o lis (8) JSs 45 5 len ] o Liol3dl laasl GBlbl 3 Siws Ol Gee yiSlis g 4Bl (¢ i dwy 4l
sl vy slaal 5l oS e i) (sl (Saud T Al Gos Jy ol gl Loy s s, g gl ) (sl (Saus
Gl e () sladsl 4y 00085508 1 b > e o SialS 1 5L cpl a8 cl

(6905 plgisas) /VED 39,5 sae (gl 4y Ciliso dlold Jlaz (gl (St Ol Ay Gas Sl Jobo Jidg s Sy 2 (F) S 50
A5 S abed BlLbl o S Ol dls S G0 @ abgy (Sop cde 4l (o plp Vg ) Jolsd jo .l sddodls lis
Pl A e 4 aoye dols il bl Iy 1) (Saad O Gos oliae cppieS il oy plp ¥ oye alold »  Siwd Of dls
& (Sauwd O Gos lie b 23,5 S Jine S0t 5 gl sl pgelin 3 (Soud Ol dle 23 S55 ab ooy
ORI L b 398 o o b Gl mls (S )sba el Al (ape Pl Ty Pl 0l ) Gl A Lo Aol @ Blate Cy
5] e slaaly Cons ol 3 (6 ) (S o] s o a3 i o ne e bl st sy Aol
Mo i 4 4l (5ye A eoye dlols g ke (S 4 Al (oye plp ¥ ol )5 &S (gygbody Bl LRl g 5 lalS
Sy D>

X (cm)
95 90 85 80 75 70 65 60

Z (cm)

\‘ 9‘ = Fr=0.21

\\A Fr=0.160 -4
v \\- Ae Fr=0.186
— -Fr=0.24

il 59,5 slusl 6\_,.36(:....:9'[&::&..9)5\.\, Sk Sy 0SS



ksl Blybl adge (il p1 JSUS Jolaieno sl (o (0655 Aol 51 2Bk}l o) 2

X (cm)
60 65 70 75 80 85 90 95

6
4
2
E/ 0
N -2
-4

-6 eoocoe S:3W

8 - === S=5W

— =S=8w
-10

Y80 555 sue (sl 4 cilites Jolsh (gl Kad O o Gas ST Job by, 1 IS

Sl Of o Sl (0558 Judg
gileil @y ) col (gl il (Siud O o 4 bgye o (Sad O Gos Sl (Spe Jidgn (A) 5 (V) sladSs
doul wunl ools aligd 4y bayye oS S ol dls 80 alold ya > a8 4uS o dlas Mo b S5 ol o By b e o lis calise
Sl 51 b ) ol 4Bl il (Kins T Als jn as g (20 by 955 sas il b oddplsl gl ibef] oled 3 5
e Sy oS ol ol gl IS sbas .l bl gelym 53 4ld )8 g il Yleisl g baasly gelpn 55 (ool Joi OI3)S )il
Sl Gl e 9 Gl Izl ¢ (Sind Ol e ()0 izmen g (St O Bos (lize sl o (o8 8 Alold SR L ol 98
& AgSGlod oy 395 jle cpylin & b (2 pln A oye Aol g e (p S 4 b o pln T Aol 3 Ssba
.\.zbbuoOwdxla\fwlOLM&L")BAJ1%9J)AL§QL9QL~S\54J[%9J)A)JMQTMQMMJ@QL&(A)s(Y)deS\&
wbod 2 Ggelym 3 (ol S5 l)S 0538 (e g Conl LSy 815 518 Cady S )3 45 b b okigd 3)08 Gl S (e

el by

Y (cm)
0 10 20 30 40 50 60 70 80
0 ~ -
N]
2 ]
T -3 3
")
N
5 e Fr=0.160
6 eeeee Fr=0.186
===-Fr=0.211
-7 = =Fr=0.245
-8

G oo il A ol gl Kas O Gas Sl b8 Juds s ¥ K3



£Y-0A 5(Y)i AEXA N c&,’i S99 0k 4o ASSW ‘_glh ‘_g)sbé /ubm’wﬁo W

Y (cm)
0 10 20 30 40 50 60 70 80
0
-1
-2
€ -3
E
N -4
5 s=1w
_6 XN NN ] S:3W
7 ===-S=5w
— =5=8w
-8
VY80 35,5 de Sl 4 il Juol s (5l St Ol Gas jiSlam b Jbyn A JSS
S S > Gos pSlas

Q) JSos sl el Jgl candy claal gelpm 5 (Siwd Ol dls Gos Sl laiolojl den ;5 s ool @093)4.\5 & &8 lar
— o dan Mo S5 55 By b amd oo Lid Giliee 39,8 dlasl § Jold (oljl 4 |, (ASLIW) (i O (s o Sl &l i 54,
e s & &y e ot A ol )3 53,5 iy g5 iy 1l (S T oe y51in ol (3 (ohye ool I3l L oS 33,5
a5 ol s Slowle sy lade oyt 4 Al oye plp A dold 13 5w (3gmo (Soud Ol Ges yiSTus Slyud gy e Ao
i 1oyd YA g YO XD XUD i 4 +/YFD g /YN o/NAS /N8 59,8 slael pp sl oy plp A alols 3 (S Ol Goe Sl
Nt 20 Ve g Ve VO X by g b (ope w0 Alolsjl iy 203 W o TY Y XY i g 4l (20 plp ¥ 4l |
5 VNN /YA /NS 39,8 lael 3 b oye plp ) ol > Siws Ol Ges gShis ol poogde g b ope plp ) alol
Pl 0 aols (Sius O e Sl s ;0 5 dusle a0l (o, plp ¥ alold I i aoyd Yo g V2 AY Y)Y LS 4 +/YYFD
ol (A) U wcawl b (o ye plp ¥ alols 5l i 0o V8 g0 & F i 4 YYD 5 /YWY WA /N dgp80luel pal oye
Sl 8 I3 een 5 Sy (B S 053 5 S G e & e 39,8 208 IS b Jolsh dan 53 5 am
St Ol os Sl il oy plp A oye dlols 13 a8 ol L5 by il il (Sowd O Bes yiSTis (al Ju sla
4 /YYD 39,8 3ae ;D 5 +/VAS 39)8 3l VIVO (liee 4 «/YNY 29,8 dae )5 o/VF 39,8 das ol VY l5se 4 «/VAS 39,6 3ac
NS @ NFe 3958 sae 3l (Saad Ol s Sl il Al ose plp N oye alold (5 g +/YVY 39,8 dae plp Ve e
aold (3 g ply VYD liee & /VFD 4 +/VVY 3908 dxe 3l g ol VY ojllay «/YVY 4 «/VAS 39,8 sae l cpl VA ol
0jl83lds +/VVY &y «/NAS 39,8 dae 5l el VIVY ojlailas «/VAS 4 +/NF 398 sae | (Sid Ol e Sl b (oye plp B Loye
Siad Ol Ges Sl il oy plp ¥ poye dlold )3 0,8 Iy Lilisl plp V¥ ojluily < /YFA 4y +/VVY 39,8 dae 5l g plp V/TY
4 /YYD 098 335 10 5 +[VAF 39,8 dae il VIVY (l5ae 0 +/YVY 29,8 5 )0 +/VF 398 das ply VY 50 4 «/VAS 2458 Dae
A duolore /YY) 29,8 dae ol VIVY 500



LT 1,1 rdgn (Sl JSeb oo S0l ot 855 ol 3 ptylogl ooy [

AFr=0.16 ®Fr=0.186 @Fr=0.211 ®Fr=0.245

25 “~_ ° .®

2 ."0. L4 .-"... -
z T e Pty

~ ~~ P -
g 15 - -~

0 2.5 5 7.5 10 125 15 175 20 225
S (cm)

bl o (8 ool 4 e (St ST Gas Sl s A JS

e 9 2ol Garl BlbI (S Of Gos 51 Ay lio

@l (o ol 005 duagllio 1S5 b Juolsh aon )3 s 5 gl sl oigelime (St o (gl os 81 (V) US55
— o w85 Lole g pgd cidy claanl 5l S5 Jol cud)y laal gelpn (S Ol Ges Sl o ioles] den 45 aS sl Lis
)58 Gy gl sl bl wiile gl by cusl oaiSedaboe Jolo widl ol 5l a8 e by (Sad Ol Gos 253
Sl Gas olnl D930 (ol U SaclS ©)08 ud JeS 5 (s b 4 ea)Bp Gl She co g SlalS el g
Slawle 2)15 )13 (ol al saiScladbre Jolo b cod ily aly & 2980 S Lalpd (pl 5 D980 o8 (Sl b 5> (Kt
XD i 4 bawogio yoods s (258 2l A g O X (Sye Lolgd 1 pgd i) (slaaly (9ol (St Ol Gas Sl & ol L
o (e oty (S Ol Gos Gl liee w030 LS @l &5 S plen Cul gl o) (sloaly Sl a8 203 Y 5 ¥e A
ool 20)3 FY ply gl jobots 5 LSy Juolgh dan ) (gl slaarly

lasly (ygelyey (mo90 (St ol 32 VXY GRLTL 4l 098 ) U bt (sloasly (o o3y Aol 51 gy 2 30 (ol o
Agd ¥ o) el o (ooys dlold o (b oy plp F) ol el o (Job dlold ccanl sadaidlyy calisre  Sulgyaun byl s oljl
B35 plool Y5 o gl o o tulegl o 48,8 55 3 jtastlio Yo g VV/B N/ FID L Joleo sl se il

& 5 42
e JBlis 4 4yl oe il ¥ alold 15 5 5,5 Iy g5 g, Il St Ul Gas ol o alols Liglidl b a8 sb oLt b
3w Oy g ooyt (S yolods sy 295 e oy 4 )l 250 plp A dlols )3 g 0 (g3gm0 ] gy Aol L3R L g a,
59 (St Sl dle (o g Jsbo lp o ogdle e iz b &) 4l b2ss Ml A g ¥ el 3 iy (Sl
Gl Gos jSlas oS ol Ll Oluwbre b sdalie 4l (o4 plp A dlols o Siwd Ol dls (550 9 Job (i S b sdalie
ol poade cwl b Byl N 9 0 Y Joled I i Mo > VY g ¥ XY iy bawgie jsbas b (oae plp A dols 0 S
9ol (Siawd O Gas iSlis a5l b5 Slawle .ol ogls claal | S ube claal (Siwd O Ges a5 2l Ui mls
Sl bl jl 1S 1o FY o o FA XD cy @ hugie by b (2pe A 50 &0 (o) Jolgd 3 e slaal



EY0A (V)E VT ol (59 0,40 3 48 g 510 (5,918 [ 5e0d 5 (i

O sl b @ e al O gl @ i al
35 3.5
3 3
25 _.-® 25
2 T z 2 U
25| v * 315 U
o e- — _,—‘— ’.
1 e — & e 1 [ J—— —
05 05| .= — %
0 0
0.15 0.17 019 021 0.23 025 0.15 0.17 019 0.21 0.23 0.25
Fr Fr
(<) (<)
® sl @ el ® ool B i)
35 35
3 e 3 -
25 2T 2.5 S R
B S -~
E 2 e — —8 E 2 e — —8
215 _ —a 215 —a
- -
1 a— — 1 — —
0.5 0.5
0 0
0.15 0.17 019 0.21 0.23 0.25 0.15 0.17 019 0.21 0.23 0.25
Fr Fr
() ()
S=8W (5 «S=BW (¢ S=3W (& S=IW (il fuolgb (sl e 5 ol Slanly (Soad O Goo Sl aiylia V0 K3
ST g g5

Slgnl ol pen g oSl (6)9ld g Lidgd Cogles I iyt ol oddplodl pgd oatun g Slagh oo jl o coles b suiss (ol
(SCU.WH1402.31373) 59550 Jls,36 5 525

&

Ot 4hold g JUB ogd angly 51 ey 1l 0905 sl (rndge (Sl (WY tacme wodlile 5 0ld) o5y (B eyl s 0L
https://civilica.com/doc/186261 . )|l cases)l ceuog)l olKuisly ¢yl ol gy il i8S pnaddily o iy

F b slaal 09,5 GLbl  Swtl oyis slol p by bulpd 23U (MYAA) Loy oo (i el g cdose ¢ a8ly M (S5 JLEI
NV IR pope Glies odine (iigl ale dbme x> VA wg JU > ol cae p dges 5 &S U
http://mcej.modares.ac.ir/article-16-28029-fa.html

Ol imgs Al s sl 4l > (Sdol Bos b zaid 09,5 Ll 1 aRilol )y (WA Lol odl; U3l g cllac ¢ el
https://iwrj.sku.ac.ir/article_10907.html A=V -Y (M )F <l



oo Gl cndgo (Sinnial 1 JSb Jebians SBALY ot (006 Aol i1 Ay}l oyt |

Wlyes it (o 0,58 gl .l 09,5 Gl 3 Gl O Lyl > (Kol (WAY) alige ¢ Slasl Sllas g cpiuol o i
.Olﬁl cO‘)Q‘S ‘uv“).w e olKiisly

Sid] Bos Sl gy ¢ by Car & Cuns J Sllgal slaal 09,5 gly 51 AT )y (VTA0) pligs codlipuld 55
ol lsn) loal o) yen naed oKLl e oo g ol untizge 2Sil3 )| poli S el bl nly 0gS

https://journals.sru.ac.ir/article_800.html A¥Y—VAF (F)V ¢ )l jos wdige > (055 slesins}

https://civilica.com/doc/364681. ;) ! s 15 ¢33 5 R ¢yl yas witigo (Lol

apli o oShe gl Jp SB St aBalefl oy (IYAF) ol (e (i g sy deme (Gl cde (i
https://journals.sru.ac.ir/article_337.html .00-YV (¥) ¥ ¢l yos (awdize 1> (20 o sig}

References

Amini, A., & Eghbalzadeh, A. (2012). Effect of pile arrangement on local scour depth at pile groups.
Iranian Water Researches Journal, 6(2), 95-103. https://iwrj.sku.ac.ir/article_10907.html [In Persian]

Azhari, A., Taghipour, R., & Alizadeh, M. (2012). Local scouring around the pier group of the bridge:
investigation of the effect of the arch angle of the channel and the distance between the piers. 11th
Iranian Hydraulic Conference, Urmia University, Urmia, Iran. https://civilica.com/doc/186261 [In
Persian]
Beheshti, A. A., & Atai Ashtiani, B. (2004). Scouring in clear water conditions around the pier group. 1st
National Congress on Civil Engineering, Sharif University of Technology, Tehran, Iran. [In Persian]
Bozkus, Z., & Cesme, M. (2010). Reduction of scouring depth by using inclined piers. Canadian Journal
of Civil Engineering, 37(12), 1621-1630. https://doi.org/10.1139/L10-09

Chiew, Y. M., & Melville, B. W. (1987). Local scour around bridge piers. Journal of Hydraulic Research,
25(1), 15-26. https://doi.org/10.1080/00221688709499285

Eghbalnik, L., Vaghefi, M., & Golbahar Haghighi, M. R. (2019). The effect of flow conditions on bed

topography in a 180 degree bend containing sextuple inclined-vertical pier groups in a perpendicular
to the flow. MCEJ, 19 (4),1-16. http://mcej.modares.ac.ir/article-16-28029-fa.html [In Persian]

Ettema, R. (1980). Scour at Bridge Piers. Rep. No 216, Unniversity of Aukland, School of Engineering.

Ghodsi, H., Khanjani, M., & Beheshti, A. A. (2015). Experimental investigation of local scour around a
complex bridge pier. Experimental Research in Civil Engineering, 2(3), 47-55.
https://journals.sru.ac.ir/article_337.html [In Persian]

Langa, R., Fael, C., Maia, R., Pégo, R. & Cardoso, A. H. (2012). Effect of spacing and skew angle on
clear-water scour at pier alignments. Proceedings of River Flow, Mufioz, R. (editor), 927 - 933.
https://www.researchgate.net/publication/273761582

Melville, B. W., & Sutherland, A. J. (1988). Design method for local scour at bridge piers. Journal of
Hydraulic Engineering, 114(10), 1210-1226. https://doi.org/10.1061/(ASCE)0733-9429(1988)114:10(1210)

Memar, S., Zounemat-Kermani, M., Beheshti, A. A., De Cesare, G., & Schleiss, A. J. (2018).
Investigation of local scour around tandem piers for different skew-angles. E3S Web of Conferences
40, 03008. http://dx.doi.org/10.1051/e3sconf/20184003008


https://iwrj.sku.ac.ir/article_10907.html
https://doi.org/10.1080/00221688709499285
http://mcej.modares.ac.ir/article-16-28029-fa.html
https://journals.sru.ac.ir/article_337.html

EY-0A (Y)E VLY 839 0382 D & piim 5 (5,08 /)] ) ISad g (ywio (s

Pour Ghasemzadeh, B. (2016). Experimental study of the effect of the angle of the cylindrical pier group
relative to the flow direction on the maximum scour depth of the pier group. Master's thesis, Faculty of
Water and Environmental Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran. [In
Persian]

Rashno, E., Zarrati, A., & Karimaei Tabarestani, M. (2016). Experimental investigation of local scour
around bridge pier group. Experimental Research in Civil Engineering, 3(6), 143-154.
https://journals.sru.ac.ir/article_800.html [In Persian]

Raudkivi, A. J., & Ettema, R. (1983). Clear-water scour at cylindrical piers. Journal of Hydraulic
Engineering, 109(3), 338-350. https://doi.org/10.1061/(ASCE)0733-9429(1983)109:3(338)

Salemi, F., Ghomeshi, M., & Bahrami Yarahmadi, M. (2023). Experimental study of transverse waves
effects by obstacles on local scour around cylindrical pier groups of bridge. Iranian Journal of Science
and Technology, Transactions of Civil Engineering, 1-13. https://doi.org/10.1007/s40996-023-01041-w

Soleimani, N., Amini, A., & Banjad, H. (2015). Investigating scouring mechanism in single bridge pier
and bridge pier group. 10th International Congress on Civil Engineering, Tabriz University, Tabriz,
Iran. https://civilica.com/doc/364681 [In Persian]

Soltani-Kazemi, Z., Ghomeshi, M., & Bahrami Yarahmadi, M. (2022). Experimental study of local scour
around diamond bridge piers subject to transverse standing waves. Ain Shams Engineering Journal,
13(3), 101598. https://doi.org/10.1016/j.asej.2021.09.025

Valizadeh, R., Arman, A., & Ghobadian, R. (2023). The effect of the pipe angle and protective inclined
apron on the scouring and sedimentation pattern around a semi-buried pipe in a 90° mild bend. Ocean
Engineering, 286(3). http://dx.doi.org/10.2139/ssrn.4460395

Valizadeh, R., Arman, A., & Ghobadian, R. (2024). Controlling the local scouring of the bottom of the
protective inclined apron in a 90- degree mild bend using a numerical model. Ocean Engineering, 307,
118177. https://doi.org/10.1016/j.0oceaneng.2024.118177

Zhao, G., & Sheppard, D. M. (1999). The effect of flow skew angle on sediment scour near pile groups.
Stream Stability and Scour at Highway Bridges; Compilation of Conference Papers, Reston (U.S.):
ASCE. https://www.semanticscholar.org/paper/The-Effect-of-Flow-Skew-Angle-on-Sediment-Scour-Zhao-
Sheppard/561481a31a6d101ec986aded176b041fcc3df44b


https://doi.org/10.1007/s40996-023-01041-w
https://doi.org/10.1016/j.asej.2021.09.025

Advanced Technologies in Water Efficiency

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

Razi University

Prediction of weighted entropy water quality index for agricultural uses using
simple and hybrid artificial intelligence methods

Akbar Kamali®*, Ahmad Saki?*~', Mostafa Moghadam®*', Laleh Divband Hafshejani**

1 Msc. Student of Water and Environmental Engineering, Department of Environmental Engineering,
Faculty of Water and Environmental Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
E-mail: Akbarkamalil000@gmail.com

2 Msc. Student of Water and Environmental Engineering, Department of Environmental Engineering,
Faculty of Water and Environmental Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
E-mail: ah-saki@stu.scu.ac.ir

8 Msc. Student of Water and Environmental Engineering, Department of Environmental Engineering,
Faculty of Water and Environmental Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
E-mail: mostafamogadam@gmail.com

4+ Corresponding Author, Assistant Professor, Department of Environmental Engineering, Faculty of
Water and Environmental Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran. E-mail:
l.divband@scu.ac.ir

ABSTRACT

The focus of this study was to evaluate the quality of water resources, specifically for agricultural purposes. The researchers aimed to optimize
the evaluation process by reducing the number and types of parameters used in water quality indicators, thereby reducing measurement costs.
To achieve this, Shannon's entropy method was employed to determine the weight of each parameter in the water quality index. The study
utilized artificial intelligence algorithms, individually and in combination, to predict the weighted entropy water quality index. The goal was to
assess the suitability of water for agricultural purposes. The results indicated that the sub-index of bicarbonate had the highest weight (0.24)
among the parameters, while sodium absorption had the lowest weight (0.18). The combined decision tree and neural network algorithm
compared to the simple decision tree and neural network algorithm with higher R? (0.999 compared to 0.996 and 0.998) and lower RMSE
(0.331 compared to 0.331 and 1.081). It showed a higher accuracy in predicting the weighted entropy water quality index. Furthermore, by
analyzing the importance of parameters using the Pearson correlation matrix, it was discovered that removing bicarbonate and reducing the
number of inputs to 4 allowed the combined decision tree and neural network algorithm to maintain high accuracy in predicting the index.
Overall, this study demonstrated the effectiveness of Shannon's entropy method and artificial intelligence algorithms in evaluating the quality
of water resources for agricultural purposes. The optimized approach can assist in planning and ensuring the proper use of water resources,
contributing to the continuity of farming activities.
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1.Introduction

Water quality is a crucial environmental issue affecting health and ecosystems. Assessing irrigation water quality is vital for making informed
decisions about water consumption and reducing crop pollution. Water quality forecasting plays a crucial role in evaluating and identifying
possible changes in water quality. Artificial intelligence (Al) is a powerful tool that can predict and monitor water quality. Al models can
recognize complex patterns in environmental data and provide accurate predictions. The sub-indices of the agricultural water quality index
were calculated, and the weight of the sub-indices was determined using Shannon's entropy theory. Simple and combined Al algorithms were
used to predict the weighted entropy water quality index.

2. Methodology

This study focuses on the Karun River, located in the Khuzestan Province of Iran, specifically between Gatond, Ahvaz, and Sulaymaniyah
stations. The province is divided into two regions, namely, mountainous and plain, with the plain region accounting for 60% of the province.
In this study, the irrigation water quality index (IWQI) was used to determine the suitability of water for irrigation. The IWQI was calculated
using five parameters, including EC, Na*, CI~, SAR, and HCO;. The weight of these parameters was determined using the Shannon entropy
technique. Based on the IWQI values, water for irrigation was categorized into five classes. The study used data from the period of 1370 to
1400. This study developed a predictive model using the decision tree algorithm to determine agricultural consumption's weighted entropy
water quality index. To address overfitting issues, artificial intelligence techniques were incorporated. Pearson correlation analysis was used to
select the important input parameters. The combined decision tree and neural network algorithm were used to test the model's efficiency. The
selection of important input parameters can enhance the accuracy and efficiency of the model, which is a crucial aspect of better artificial



mailto:L.divband@scu.ac.ir
https://orcid.org/0000-0003-0262-2535
https://orcid.org/0000-0003-1749-8282
https://orcid.org/0000-0002-4292-6923
https://orcid.org/0000-0002-4642-0305

intelligence algorithms.

3. Results and discussion

Electrical conductivity measures the ionic strength of irrigation water and determines its suitability for agriculture. Studies have shown that
high electrical conductivity and sodium absorption ratio can negatively impact soil and plant health. In the studied area, electrical conductivity
values range from 428 to 4846 ds/m, with 9.36% of the samples exceeding 3000. SAR values range from 0.96 to 11.64, with 21.91% of the
samples in the illegal category. Figures 2 and 3 show the distribution of irrigation water quality index values in five categories. Low water
quality is due to the high electrical conductivity and SAR, which can be attributed to various factors, including human activities such as dam
construction. The study area's irrigation water quality index values are classified into five categories, with most samples having moderate
restrictions. The water quality in Gatund station is better than Sulaymaniyah station, which has the lowest quality due to various factors The
prediction results of the water quality index showed that the combined algorithm of decision tree and neural network has a higher ability than
the simple algorithm of decision tree and neural network.

The prediction results of the water quality index showed that the combined algorithm of decision tree and neural network has a higher ability
than the simple algorithm of decision tree and neural network.

Hybrid models can effectively depict patterns and relationships in water quality data, resulting in more reliable predictions. Combining
different algorithms and techniques in hybrid models increases their predictive capabilities and makes them more suitable for water quality
prediction tasks. One of the effective ways to reduce the cost and time of determining the water quality index is to reduce the number of
unimportant input parameters. The results of this research showed that bicarbonate ion can be removed due to its low effectiveness in the
present study. The results of the best algorithm before and after reducing the input parameters are shown in the beloew figure and table.

DecisionTree-Multi Layer Perceptron DecisionTree-Multi Layer Perceptron

a
80 80 b

Predicted EIWQI
g

Predicted EITWQI
2

v e 4

40 60 30 40 60
EIWOI EIWO1

Figure 1. The results of the best algorithm before (a) and after (b) reducing the input parameters

80

Tablel. Evaluation metric for predicting the entropy water quality index for agricultural uses

Algorithm Evaluation metric
MSE MAE R? RMSE
DecisionTree-Multi Layer Perceptron 0.110 0.236 0.999 0.331
DecisionTree-Multi Layer Perceptron (without bicarbonate) 1.246 0.773 0.996 1.116

4. Conclusions
Al techniques are used to predict environmental processes. Multi-criteria decision-making improves water quality assessment accuracy.
Simple and combined Al algorithms efficiently estimate the weighted entropy water quality index for agriculture. Combined algorithms are
more effective.
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ABSTRACT

Salinity stress is one of the basic challenges in the field of agriculture, which occurs due to the increase in the concentration of salts in the soil
and water resources, in the growth media of plants. Investigating different plants at different levels of salinity stress in greenhouse conditions,
the possibility of cultivation in different seasons and speeding up the selection process of salinity-tolerant cultivars in order to introduce and
continue research in the field is of great importance. Considering the susceptibility of different bean cultivars to salinity stress; Having a
detailed understanding of the physiological and biochemical responses of different bean cultivars, when faced with saline conditions, allows us
to provide effective solutions for the optimal management of salinity stress and the improvement of plants' resistance to salinity stress. In order
to investigate the effects of different levels of salinity on the yield and some physiological characteristics of different pinto bean cultivars, an
experiment was carried out in the form of a split plot experiment with a completely randomized design in three replications in 2022 in the
research greenhouse of Payam Noor University of Gandaman Center (Chaharmahal and Bakhtiari Province). The first factor was Four levels
of salinity including SO (2), S1 (10), S2 (20), and S3 (30) (dS/m), where SO was the Hoagland's solution as the control, and other salinity levels
were the result of mixing sodium chloride (NaCl) and calcium chloride (CaCl,) at a ratio of 20 to 1 moles in the Hoagland's solution,
respectively. The second factor comprised four pinto bean cultivars used were Kousha, Saleh, Ghaffar, and Talash.The interaction of salinity
stress and cultivar was significant for all investigated traits. According to the obtained results, in all the evaluated cultivars, the levels of
salinity stress caused a decrease in the traits of chlorophyll content, biological yield, harvest index and seed yield. On the contrary, it caused an
increase in carotenoid content, proline concentration and seed protein content. Under salinity stress, the examined cultivars moderated the
adverse effects of salinity stress on reducing biological yield, harvest index and grain yield compared to the control by keeping the level of
carotenoids high, increasing the amount of proline and seed protein. According to the results, the Kosha cultivar which obtained the highest
seed yield of 3450 kg/ha at control (SO) and 1470 kg/ha at S3 (the highest level of salinity) was the most successful of all the cultivars in
moderating the adverse effects of salinity. On the contrary, Talash cultivar showed the lowest seed yield of 680 kg/ha.
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1.Introduction

Environmental stresses are among the major limiting factors of crop production at the global level. Environmental stresses affect the
biochemical and physiological processes of plants, leading to reduced crop yield, and in severe cases, even plant death. Among the abiotic
stresses, salinity stress ranks second after drought stress as a limiting factor for the yield of agricultural crops worldwide (Gupta & Huang,
2014). The range of saline ecosystems is very wide, extending from lowlands to mountain elevations. In total, about 1 billion hectares of the
world's land (seven percent of the world's land) and about 1.5 million hectares of agricultural land in the world (five percent of the world's
land) are affected by salinity (Balasubramaniam et al, 2023). Considering that different bean cultivars exhibit varying levels of susceptibility to
salinity at different stages, it is essential to study the effects of salinity levels on the ecophysiological characteristics of different bean cultivars.
Evaluating different plants under various salinity stress levels in greenhouse conditions allows for the possibility of multi-season cultivation
and faster screening in the cultivars selection process for identifying and continuing research on salt-tolerant cultivars, which holds great
importance. Under these conditions, by measuring certain parameters related to salinity at the growth stage and before harvesting, salt-tolerant
cultivars can be identified with a high degree of probability, thus allowing for a more informed selection process. The lack of comprehensive
information on the effects of salinity on the physiological aspects of beans, as well as the existence of a significant number of unknown
cultivars in terms of salt tolerance, makes extensive research in this field unavoidable. Therefore, this research was conducted to investigate
The effects of different levels of salinity on the yield and some physiological characteristics of different pinto bean cultivars, with the aim of
gaining a deeper understanding of salt tolerance in these plants and potentially identifying cultivars with improved salt tolerance for further
breeding efforts.

2. Methodology

2.1. Experimental model

To evaluate the yield and some physiological characteristics of four different pinto bean cultivars under salinity stress, an experiment was
conducted in a greenhouse at the Research Greenhouse of Payame Noor University of Gandaman (Chaharmahal and Bakhtiari province). The
experiment was arranged as a split-plot design within a completely randomized design with three replications. The first factor was Four levels
of salinity including SO (2), S1 (10), S2 (20), and S3 (30) (dS/m). where SO was the Hoagland's solution as the control, and other salinity levels
were the result of mixing sodium chloride (NaCl) and calcium chloride (CaCl2) at a ratio of 20 to 1 moles in the Hoagland's solution,
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respectively. The second factor comprised four pinto bean cultivars used were Kousha, Saleh, Ghaffar, and Talash. The experimental units
included 40 x 40 cm pots, 35 cm in height, containing a completely homogenized washed sand. Due to lack of absorption and less the plants'
need for a complete nutrient solution, the pots were irrigated every other day with a solution containing half the concentration of nutrients
found in the Hoagland's solution (Dehdari et al, 2005). Two weeks after establishment, the plants were thinned from 15 to 8 plants per pot to
achieve the desired plant density. From the 20th day after sowing (the four-leaf stage of the plants), salinity levels were gradually applied to
acclimate the plants, such that all pots, except for the control level, received incremental salinity levels of 25% of each level in four irrigation
shifts, thereby applying the total salinity treatment for each level.

2.2. Collecting and preparing plant samples

The salinity treatment continued at the specified ratios until the end of the growth stage. In this study, the traits of chlorophyll content,
carotenoids, and proline levels were measured throughout the growth season; samples were collected at the flowering stage (60 days after
sowing) by taking five fully grown young leaves from the upper parts of each experimental unit. To measure the content of chlorophyll,
carotenoids, and proline, the methods of Arnon (1940), Gross (1991), and Pacquiao and Lecourier (1997) were used, respectively; the
absorption of light from the extract was recorded using a spectrophotometer (SHIMADZO 54A). At the end of the growth stage (100 days
after sowing), to measure the biological yield, grain yield, and harvest index, six plants in each pot were randomly selected, harvested, and the
above parameters were measured and calculated. Seed protein was calculated using the Bradford method (Bradford, 1976) with a Kjeldahl
apparatus, using bovine serum albumin (BSA) as the standard.

2.3. Statistical Analysis Statistical Analysis
Finally, data were analyzed using SAS software (version 9.1). Mean comparisons were conducted using Duncan's multiple range test at a 5%
probability level.

3. Results and discussion

In this study, all the examined traits were affected by salinity; increasing salinity levels decreased chlorophyll content, biological yield, harvest
index, and grain yield in all studied cultivars. Cultivars under salinity stress maintained high levels of carotenoids, increased proline, and seed
protein content, which mitigated the adverse effects of salinity stress. Salinity stress disrupts plant metabolism, affecting the grain filling
process and reducing the translocation of assimilates due to secondary drought conditions. This disruption leads to the abortion of flowers and
newly formed seeds in the pods, ultimately resulting in decreased grain yield in beans. (Gupta et al, 2014).

4. Conclusions

Environmental stresses such as drought and salinity have inhibitory effects on growth and plant development under stress, leading to
reductions in yield and harvest index; this is associated with decreased levels of photosynthetic pigments and the remobilization of
photosynthetic materials during grain filling. In the present study, cultivars under salinity stress maintained high carotenoid levels, increased
proline, and seed protein content, mitigating the adverse effects of salinity stress; the Koosha cultivar showed higher yield compared to other
cultivars in salinity stress and a lower yield reduction. Therefore, considering the different cultivars' responses to salinity stress and
susceptibility of beans to salinity conditions and secondary drought stress, further research on different cultivars under diverse climatic
conditions in Iran is necessary.
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ABSTRACT

The use of wastewater in agriculture faces challenges that can negatively affect plant and soil quality as well as
human health. Therefore, this issue should be done in a controlled manner, with proper treatment and compliance
with health standards. Therefore, the main goal of this article was to investigate and identify solutions to prevent
the use of wastewater for agriculture and vegetable growing in Hamadan City. The research method was a survey
type that used interview and questionnaire tools to collect data. The statistical population of the research was the
experts and professors of Hamedan city, 26 people were selected for interviews and 80 people were selected as
samples to complete the questionnaire. The results showed that the strategies to prevent the use of wastewater in
the irrigation of agricultural fields in Hamedan city can be classified into 8 factors. These factors include legal and
judicial action, continuous visitation and monitoring, securing rights, increasing the number of treatment plants,
creating and developing vegetable farms, organizing sewage transfer routes, training and justifying farmers, and
management mechanisms. Also, the results of the quantitative part showed that three solutions, Legal treatment,
education and promotion, and management and planning are at a higher priority level in terms of importance.
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1.Introduction

In recent years, due to the lack of fresh water and the depletion of underground water, the reuse of wastewater in
agriculture to irrigate crops has been considered as one of the methods of managing water resources (Verma et al,
2023).

The use of wastewater in agriculture faces challenges that can negatively affect plant and soil quality as well as
human health. Therefore, this issue should be done in a controlled manner, with proper treatment and compliance
with health standards. Also, alternative and more sustainable methods should be used for irrigation and food
supply in agriculture to reduce environmental and health problems. Therefore, the main goal of this article is to
investigate and identify solutions to prevent the use of wastewater for agriculture and vegetable growing in
Hamadan city.

2.Methodology

The research method is a survey type that uses interview tools and questionnaires to collect data. The statistical
population of the research is the experts and professors of Hamadan city, 26 people were selected for interview
and 80 people were selected as a sample to complete the questionnaire. Data analysis was done with the help of
content analysis method and extracting the categories, then prioritizing the categories with the help of SPSS
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software and PLS.

3.Results and discussion

The results of the qualitative part showed that to prevent the use of wastewater in the irrigation of vegetable fields
in Hamedan city, 8 solutions were identified and presented. These solutions include legal and judicial action,
continuous visits and monitoring, providing water rights, increasing the number of sewage refineries, creation and
development of vegetable cultivation settlements, organizing sewage transfer channels, training and informing
farmers, and management mechanisms. Also, the results of the quantitative part showed that three solutions, Legal
treatment, education and promotion, and management and planning are at a higher priority level in terms of
importance.

4.Conclusion

Based on the results of this research the solutions to prevent the use of wastewater in the irrigation of fields can be
classified into three categories: "Legal and regulatory solutions”, "Technical-structural solutions" and
"Educational solutions". The legal and regulatory solutions were one of the most important issues of experts'
attention, and they believed that until there is continuous and accurate monitoring, it is not possible to prevent the
use of wastewater in farms.
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