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ABSTRACT

Introduction

Today, increasing the concentration of greenhouse gases has changed the global climate variables and it is anticipated that these changes will
continue in the future. With climate change, the hydrological regime of the river and as a result, the frequency of occurrence and intensity of
flooding and water quality of the river also changes. Therefore, considering that Iran is located in arid and semi-arid climates, planning and
managing water resources in dams and watersheds is of particular importance. Climate change creates one of the most important effects in the
hydrological cycle, which occurs due to population increase, increase use of fossil fuels, deforestation, soil erosion and consequently an increase
in greenhouse gas. Investigation of climate change parameters plays an important role in predicting surface runoff in order to identify and manage
water resources reserves. On the other hand, due to the limitation of freshwater resources, accurate prediction of flow discharge and its changes
throughout the year is one of the main pillars of surface water resources planning and management.

Methodology

Jamishan Dam basin with an area of 524 square kilometers and semi-humid to semi-arid cold climate, from the north to the Gavehrud basin,
from the east to the Khorramrud basin, from the south to the Mariam Negar River basin and from the west to the basins of AliSiah and Gavehrud.
Select Station

Songor synoptic station was used as the base station for the mean temperature (Celsius) and precipitation (mm) parameters, and Kermanshah
synoptic station was used to complete the statistical defects of temperature and precipitation in the study area, and Pirsalman hydrometric station
was selected for the discharge parameter (m3/s). After completing the statistical parameters, the period 1988-2017 has been selected as the base
period.

Groundwater Resources

In the study area, 8 million cubic meters is used in the Nazelian network and 24 million cubic meters of groundwater is used in jamishan network.
Agricultural Water Uses

In this study, three cropping patterns have been evaluated. Irrigation efficiency for surface irrigation is 30 and for pressurized irrigation is equal
to 50%.

CROPWAT
This software uses temperature, soil type and plant data to calculate crop water requirement and irrigation requirements. Also, the software is
able to calculate the irrigation for managing various conditions and determining the water supply require.

Support Vector Machine

SVR method is SVM regression model. In SVR, a function associated with the dependent variable Y, which itself is a function of several x
variables, is estimated.

Genetic Programming

Gene expression programming which has been developed in the continuation of the evolution of intelligent models is one of the methods of
circulatory algorithm, all of which are based on Darwin's theory of evolution.

IHACRES Rainfall-Runoff Model

Observational data of rainfall, temperature in the base period are used for calibration of the model, firstly the IHACRES model is calibrated for
the study area. For this purpose, observational data of temperature, precipitation and monthly discharge of the base period (1988-2017) will be
used.
Simulation
WEAP software operates based on the equation of water balance (equation1) and it can be used in agricultural and urban systems, complex river
systems or independent basins. In addition, WEAP can simulates a wide range of engineering and natural components of systems, including base
flow, runoff precipitation and groundwater recharge from precipitation.

St+1 = St + Qt — Et — Rt — Spill 1)
Performance Criteria

In order to compare and evaluate the performance of the studied models, the parameters of mean square error (RMSE), absolute mean error
(MAE), Nash-Sutcliffe (MSE) and determinant coefficient (R) were used.

Results and discussion
Changes in precipitation and temperature under climate change
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Simulation of precipitation results in the HADGEM2_ES climate model show that rainfall changes in the period 2021-2050 in the
HADGEM2_ES model in the third month of March have the highest rainfall and in the seventh month (July) have the lowest precipitation. Also,
the average monthly long-term rainfall under the RCP8.5 scenario increased by 4.6% in the next period compared to the base period. The results
of the temperature simulated by the climate model used for Songor city show an increasing trend so that this temperature increase is equal to
11.4% compared to the base period and this temperature increase is equal to 1.5 degrees Celsius on average. Also, in this model, the lowest
temperature increase is related to the December and the highest temperature increase is related to the seventh month (July).

Agricultural water supply

the highest supply was related to the three cropping patterns (cropping pattern with the highest income) and the lowest supply was related to
cropping pattern 1 (cropping pattern under existing conditions). Also, the highest deficiency was related to cropping pattern 1 and the lowest
deficiency was related to 3 cropping pattern. If the cropping pattern is used, in SVR, IHACRES and GEP models, we are faced with 30, 28.3
and 26.7 percent deficiency, respectively.

Reservoir water storage

in all three models of SVR, GEP and IHECRASS, if the cropping pattern (1) is used, the volume of the reservoir is higher than that of the
cropping pattern (2) and (3).

Conclusions

results show an increase in temperature between 0.1 and 1.4 degrees Celsius in both of the above models, which is consistent with the results of
HafezParast et al. (2017). By comparing the simulated runoff in GEP and SVM models, it can be observed that the accuracy of the Support
Vector Machine is higher than the gene expression programming model, which is consistent with the results of Solgi et al. (2017) and Ahmadi
et al. (2016). The results also show that the SVM model is less accurate than the IHACRES and GEP models in simulating the peak discharge
values.
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ABSTRACT

Introduction

Accurate and correct prediction of surface water flow plays an important role in the principled planning and proper management of water
resources. To achieve this, various prediction models using mathematical relationships based on hydrological information can be used. In recent
years, machine learning models have received much attention due to their high accuracy in prediction through black box learning. Therefore, by
combining or comparing these methods, more favorable results can be used to increase the accuracy of predictions. In this study, monthly
discharge of Polechehr hydrometric station for a 48-year has been used.

Methodology

Support Vector Machine (SVM), Feature Selection and Random Forest Technique

The Support Vector Machine (SVM) is a non-statistical binary classifier that has received much attention in recent years and it is supervised
learning models with associated learning algorithms that analyze data for classification and regression analysis. The SVM is an algorithm that
finds unique linear models and uses them to get the maximum hyper-plane margin. Maximizing the superstructure margin maximizes segregation
between classes and improves accuracy in the modeling process. The nearest training points at the edge of the cloud are referred to as support
vectors and are used to define boundaries between classes.

Feature Selection (FS) is the process of reducing the number of input variables when developing a predictive model. Feature Selection can be
defined as the process of identifying related features and removing unrelated and duplicate features. They are desirable to reduce the number of
input variables to both reduce the computational cost of modeling, and in some cases to improve the performance of the model.

Random forests or random decision forests are an ensemble learning method for classification, regression and other tasks that operates by
constructing a multitude of decision trees at training time. It is a class of group classification methods designed specifically for decision trees.

Results and discussion
The first scenario results
The results of monthly flow prediction in the first scenario, with no-preprocessing on data, two-time series and non-time series approaches and
feature selection cases are shown in the Table 1.
Table 1. Model Evaluation results in scenariol for different approach and cases

Train Test

. Feature Time

Exp.Var NSE RMSE Exp.Var NSE RMSE C Epsilon SVR Selection Series
0.029 -0.13 46.11 -6.70E-07 -0.046 22.81 1 0.01 Simple No Yes
0.063 -0.09 45.32 -1.47E-06 -0.051 22.86 2.181 0.0063 GA No Yes
0.115 -0.057 4461 0.16 0.156 20.5 1 0.01 Simple Yes Yes
0.479 0.42 33.02 0.243 0.222 19.67 15.31 0.0063 GA Yes Yes
0.03 -0.148 43.67 -1.45E-06 -0.147 45.018 1 0.01 Simple No No
0.08 -0.098 42.7 -4.00E-06 -0.147 45.01 2.755 0.0097 GA No No
0.121 -0.049 41.73 0.096 -0.053 43.12 1 0.01 Simple Yes No
0.505 0.452 30.17 0.234 0.174 38.21 16.97 0.0014 GA Yes No

The second scenario results
The results of monthly flow prediction in the second scenario, by applying standardization on data, two-time series and non-time series
approaches and feature selection cases are shown in table 2.
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Table 2. Model Evaluation results in scenario 2 for different approach and cases

Train Test
ExpVar NSE  RMSE  Exp.Var NSE RMSE C Epsion  SVR Feature Time
Selection Series
0.668 0.66 0.583 1.55E-01 0.105 0.376 1 0.01 Simple No Yes
0.787 0.784 0.465 1.77E-01 0.126 0.372 3.965 0.0028 GA No Yes
0.55 0.539 0.678 0.019 - 0.404 1 0.01 Simple Yes Yes
0.032
0.552 0.541 0.677 0.019 - 0.404 1.04 0.0063 GA Yes Yes
0.032
0.704 0.698 0.533 5.56E-01 0.54 0.77 1 0.01 Simple No No
0.855 0.854 0.371 6.13E-01 0.604 0.714 8.89 0.009 GA No No
0.576 0.567 0.638 0.599 0.58 0.736 1 0.01 Simple Yes No
0.599 0.588 0.623 0.609 0.59 0.726 7.31 0.0013 GA Yes No
Conclusions

In the first scenario, without applying preprocessing on data, the results showed that, whether the feature selection is not selected and the whole
12 dimensions are considered, the results of simple and optimized SVR model would be approached to a fixed number for both time series and
non-time series approaches. However, by using the model feature selection by the random forest algorithm, the dimensions are reduced from 12
to 1 and monthly flow fluctuations are initially predicted, but the accuracy of the results is still poor. The accuracy of the results in the time series
approach has better results than the non-time series approach in similar cases as well. Furthermore, the optimizing effect of genetic algorithm in
optimizing the SVR model parameters in the accuracy of results has been significant, but it still had low accuracy in peak flows. In the second
scenario, results are significantly improved by applying standardization on data for the all cases. The optimizing effect of the genetic algorithm
on the model accuracy was more tangible than the simple SVR when feature selection is not considered to predict peak flood flows. Finally, the
best results is for the time series approach no feature selection case. In case, there is no significant difference in the results of the simple SVR
model and optimized with the genetic algorithm. As a general conclusion, if there is no any preprocessing on data, time series approach and
using feature selection with random forest algorithm will lead to better results in SVR prediction model and also use of genetic algorithm
optimizer would be caused a significant effect on improving the results in case. In contrast, by doing the standardization on data, the best results
would be achieved by the non-time-series approach and considering feature selection. In case, the genetic algorithm optimization model has not
a significant effect on the prediction model accuracy compared to the simple SVR model.
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ABSTRACT

Introduction

Water as a material and dynamic body in its essence along with politics as a concept of expediency has given rise to a new perspective of
hydropolitics. It is predicted that in the Middle East, as a region with increasing water challenges, any country with richer water resources will
be able to have a deeper impact on the regional hydropolitical and geopolitical relations. considering the importance and role of critical role in
the development of Middle East, Iran 's eastern transboundary rivers need to be carefully considered and their legal status is considered. Harirud
is a common river between Afghanistan, Iran and Turkmenistan. A review of previous studies indicates that each researcher has researched the
issue of transboundary waters sharing from a specific perspective and has rarely identified and examined all the various issues affecting the
management of these resources. Accordingly, the purpose of this article is to investigate the issue of management of transboundary water
resources from different aspects of the concept of hydropolitics and the classification of identified factors in an innovative structure is to be used
as a plan in interactions and advancement of negotiations. In this respect, Harirud catchment, which is one of the common basins with a lot of
complexity and variety of issues, was selected as the study area.

Methodology

The study of Harirud catchment and its dams shows that Selma dam on the main branch upstream and Kabgan and Pishdan dams on the tributaries
in Afghanistan and Doosti dam on the border of Iran and Turkmenistan on the main river in have been constructed downstream. Iran and the two
countries of Afghanistan and Turkmenistan, as stakeholders of the Harirud catchment, have always sought to make maximum use of and
maximize their interests from this common resource. The policy of water containment by Afghanistan has led to a sharp decline in the influx of
water to Iran. Since the nationalist view has led to the formation of controversial hydropolitical relations between the upstream and downstream
countries of this common catchment, achieving the optimal management model of this common catchment is doubly important to achieve their
mutual benefits. Identifying issues that affect rivers is critical to the sustainable and successful management of the basin.

Increasing the water needs will cause the current crisis situation to escalate in the future and create the fundamental security, social, political,
cultural, economic and environmental consequences of those fundamental challenges. In this study, identification and study of the most important
indicators and influential components in Harirud catchment as one of the examples of border water resources management, based on a detailed
study of the existing literature in this field, including more than 50 domestic and foreign articles from 2005 to 2020 and also performed using
remote sensing and the results are classified into four main areas of hydropolitics.

Results and discussion

One of the fundamental measures in the analysis of hydropolitical event in the transboundary intestinal system is to identify the variables that
play a role in the importance of transboundary waters for countries. Undoubtedly, recognition and awareness of the issues involved in a water
dispute issue is essential in the process of successful and sustainable resolution. It should be noted that some factors directly and some indirectly
affect the problem. To resolve common transboundary water source disputes, it is necessary to address all issues directly or indirectly involved
in hydropolitics. Direct issues such as political economy, political geography, water and energy economics and national security and indirect
issues such as population growth rate, culture and religion, land use change and climate change. These issues are effective in the sustainable
management of the catchment to ensure the strategic interests of stakeholders and their true identification will lead to the formation of
comprehensive and purposeful negotiation.

Harirud enters Iran from Afghanistan and its catchment area in the global arid and semi-arid belt has made them dependent on this resource to
meet their irrigation needs. Afghanistan's development plans have reduced the flow of Harirud water to Iran so thatitcanleadto a
challenge in north - eastern Iran. Therefore, in this study, all issues were identified and based on this, the main area of hydropolitics with a
suitable framework were classified into four areas: political, economic, social and environmental. Todays, in modern world, water, this vital
substance, is still used as a weapon and tool to advance other political goals, especially during the formation of conflicts. Lack of fresh water
resources and at the same time the lack of special relationship between water and security by experts and specialists in the field of management
of joint transboundary water resources, can be considered as a lasting challenge in international relations. Thus, from a hydropolitical point of
view, the political areas were classified into four criteria: political economy, political geography, national security, and international relations.
Basically, the existence of a common water source in the transboundary areas is an important factor in the transhoundary disputes of countries.
Environmental consequences are also seen as a major economic threat; Therefore, the economic variable is a factor in increasing the coefficient
of environmental security in a region, so the economic areas from a hydropolitical perspective were classified into five criteria: water economy,
energy economics, joint economic plans, transit line capacity, and exports and imports. Due to climatic conditions and water shortage in three
countries: Iran, Afghanistan and Turkmenistan Increasing water demand for industries and agriculture along with population growth rate, the
trend of hydropolitical relations should be based on the framework of human and social security approach and should be stay on away from
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political and security approaches. In the sense that human approaches are legal aspects and precede political boundaries in hydropolitical
relations. Therefore, from the hydropolitical point of view, the social area was classified into two criteria: socio-political and socio-cultural.
Today, environmental threats are considered as one of the new threats to national security. Growing concerns about the future of mankind and
the negative impact of environmental Destruction on life have found environmental problems increasingly important in national and international
politics. Therefore, the ecological area in the hydropolitical perspective was classified into three criteria: climate change, land use change and
physical and hydrological characteristics of the basin.

Conclusions

The Harirud common basin, which includes Iran, Afghanistan and Turkmenistan, as stakeholders in shared water resources, has always sought
to maximize and maximize its benefits from shared rivers. Afghanistan's policy of controlling water by reservoir dams has reduced the flow of
Harirud water to Iran. Currently, supplying a part of Mashhad water through Doosti dam, due to the uncertainties and high risk due to the
instability of the flow rate of the Harirud River and the non-negotiation of the three countries over the exploitation of this common water resource
has been accompanied and, in the long run, the reliability of water supply will be challenged.

From the studied issues, it can be concluded that the most important criteria defined in the political area are political economy, political
geography, national security and international relations; In the economic area are water economics, energy economics, joint economic plans,
capacity of transit lines and export and import; In the social area are social, political, culture and health; and in the environmental area, climate
change, land use change, physical characteristics and hydrology of the catchment area are of special importance and issues can be directed to
these axes in negotiations to achieve desirable results.
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ABSTRACT

Introduction

The impact of flow on the bridgg piers creates turbulent flows that cause scour around it, and as result collapse of the bridges. Failure and destruction of
bridges, in addition to causing financial and sometimes loss of life, may cut off communication routes to flooded areas. Despite to most research which
done in this field, but due to the complexity characterizes the behavior of a system and the many parameters involved in this phenomenon, there is still no
exact relationship or fundamental solution to predict scour depth. Therefore, using new methods such as artificial intelligence models can be very useful.

Methods

In recent years, artificial intelligence models such as artificial neural networks (ANNS) in various fields such as water engineering have been used to predict
the studied parameters. ANN biologically inspired computational networks. Among the various types of ANNs, multilayer perceptron (MLPs) with back
propagation learning algorithms are famous and was used by many researchers. This model relates the inputs and outputs of a system and it has been
successfullg used to map non-linear input and output relationships in a wide range of areas. It consists of a layer of input nodes and layer of output nodes,
connected by one or more layers of hidden nodes. N . o ) )

In the present study, the scour deq_th was estimated with ANN model. Also the ability of this model compared with linear and nonlinear regression models,
and also empirical relationships. To train and test of these models, the measured data which collected from literature were used. .

To estimate the scour deﬁth, several parameters such as flow characteristics, bridge geometric characteristics, etc. are involved. In selecting the next
parameters in this research, two reasons were considered: first, the parameters that have a more impact on scour depth and second, that it has been used in
the research of other researchers. Effective parameters can be arranged in Eq.1 as follows.

Ds :f(V’ y7 Lp’WP’e’ DA"DAF) (1)

In which, Dsis scour depth, Py is the pier length, © is pier angle in degrees, W, is the pier width, V is flow velocity, y is depth of flow, Ds is average
Bartlcle diameter in millimeters, Dg4 is diameter of sediment which 84% of the particles have passed through sieve. ]
y Buckingham's dimensional analysis, the final forms of the dimensionless parameters that define the scour depth was derived as follows:

D, ¢k DV,
y W,'D, oy @
Results

The results of this study showed that the artificial neural network model able to predict scour depth with determination coefficient (R?) equal to 0.99 and
0.81, as well as RMSE error equal to 0.01 m and 0.32, respectlvel¥, when data was used with dimension and non-dimension forms. Linear regression model
predicted scour depth with R2 and RMSE error of 0.58, 0.60, 0.20, 0.31, and also nonlinear regression model predicted scour depth with R? and RMSE,
respectively, equal to 0.60, 0.91 and 0.42 m, 0.20. Also, the empirical equations. Also, the empirical equations of the Colorado State University between
the empirical relationships predicted scour depth with R* and RMSE error equal to 0.84 and 0.52. Comparison of the results of different models shows that
the best results are related to the artificial neural network model and it decreased error of prediction 70, 85.5 and 87.7% compared to linear regression
model, nonlinear regression model and the empirical equation of the Colorado State University, respectively.

Conclusion
In this study, different methods such as artificial neural network model, linear and non-linear regression model were used to predict scour depth around
bridge pier. Also, the performance of these models compared with previous studies. Based on dimensional analysis, dataset were used in two forms of
dimension and non-dimension.
Results showed that:
e The artificial neural network (ANN) predicts the scour depth with higher accuracy, when dimensional dataset were used.
e The accuracy of the linear regression model (LR) was better when non-dimensional dataset were used.
. Comparisont (I)f different equations from previous studies showed that the Colorado State University relationship estimated the scour depth
more accurately.
. Nonlinear regression model (NLR) has better performance compared to linear regression model (LR).
. Compgrint%ANN, and LR and NLR models with previous studies indicated that the artificial neural network model has a higher ability to predict
scour depth.

Keywords: Scouring, Bridges, Empirical Relations, Artificial Neural Network

Article Type: Research Article
Avrticle history: Received: 29 August 2021 Revised: 02 October 2021 Accepted: 19 October 2021 ePublished: 20 February 2022

Cite this article: Emamgholizadeh, S., & Rahimi, M.A. (2022). Prediction of the scour depth of bridge pier using artificial
neural network model and comparison with empirical equations., Advanced Technologies in Water Efficiency,
1(1), 70-90. DOI: 10.22126/ATWE.2021.6873.1005

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

NC



https://orcid.org/0000-0002-1681-9454
https://orcid.org/0000-0002-7217-9375

-1 659 0oy 8 Gy S 59k

\A:/, YVAY-¥4a7¥ 1}%}}'5“ LL https://atwe.razi.ac.ir ‘& 25 atii_g

L T Gambio g (5 g (was 4w Joho 3 00wl b b Wb (ST 308 (o i
0% Wlgy

T o>y dedose B pl5 Jholel oo

s_gholizadeh517 @shahroodut.ac.ir :asbll, . )yl wg,mli gymls  xio oKl ¢yl pos  cwdige 0351 cum jlasmmo g O 09,5 Ly ¢ gfune odinr g
mohammadaliii906 @gmail.com :asbll, .1yl g,als wg,mli  sxs olSiily ¢ ¢jyaliS 0aSutils S gl 09,5 ¢ ol (slaojlu il ol IS gomiily ¥

EXVOES

g 0dd b olBass o sl HUS o Livle ¥ Cuw &5 WS 0 Dbl 1, Lg]d.;'.éi’j sl kolfass o b sl & by 5)65
Jol b 38> sdal, S jgte w5yl by oS (o3bj slajiell g gpdse (Se 4 g Lo (g |y bl o5 ey
L ogokd (cpSojlul (claodls 3l ooliwl b (St Ol Gos yobs 8ui50 13 .l odis &) (S O GBos dwiin ly (ol
b oS d g g dnr L e ygio 90 4 oodld b 35l s (005 Ll 5 (s e 5 (o (g 5 cmgiman (amas 45 (B9 (65,554
o yial)l (65,5 b ol atuslyy egian as 4 Jo ol lis gols a8, 1,5 oolitldyge el Cuwd 4 (edlal LT I eslizl
bl (St O Bos conl ataslys 93,J8" AUl o8l (oyo0 abasly cpiomed A8 o i wloddosrliiul day ey g dm b Laodl
oasSy Je (o g,y Jdo b duwslie 13 1o AVIY g ADIY Ve Csp |y (Sid O Gos wiw lbd lade counn

Sl zals ool IS Il olStily o5 alayly 5 s el

gy s 1o goi
Voo saul o) 1 Sig oSl Ola VFe v 1o YV i Wi grdy Voo o0 Ve sz Mol VFee 5 ase Vil ) allile adsluw

st By b ol stglio 5 (ogtian e aSd o Sl ool by 4l (St Of o st (V) e (e 5 cpo 00l) (Jislol Uil
10.22126/ATWE 202168731005 Jluoss aules « Yo+ {01 e csygones 50 tincsr oslos gl

oXoE

BY NC ulf—\ﬂ-wy© &y oy £k



mailto:mohammadaliii906@gmail.com
https://orcid.org/0000-0002-1681-9454
https://orcid.org/0000-0002-7217-9375

Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

LYRY-7

2 St O S pobots sl (6503 ol a0 a] adgl il oo 5l OF (b bawgs Cgwy O glodls s 5> (Stund O]
SBlaol 5l (56 pglie (595 pgd 9 S o Jos s Jloy3 3,5 b (slisly )3 85 [l 1 8L Syome (598 (S g s> LS, ]
bz e 3 b sloarl jpan b3S (o0 Juols 390y jl0)3 olia @lo g 03) Cunglia 0,3 <S> il 53 45 055 (459 9 Iy
St L g ol 5oSI (VA b )003)5 o Sl loals)S o3l JSU5 4y iy g il o Gl3E oy (K2 g (ndgo i pu
oM Byie gk sl 4 Gl 0,98 31 e Sl oy oty Lol LI iadl (e plare dg2g S 4 ol SLLI >
ol o ale oM )3 ols,S cpl a8 ] sgmg 4 b BLLI s id s el S s a8 34 0 ael ailidg, s w4
sl ol 20 (S yge 93 4 4l SBLbl s sl oSNV L sle)ay S o sl U oS el 4 gyl bl e
03,5 Joso 33,5 ile ol ol g 995 o0 (Sawls pp O35 Sl el by jl gl (ole b oS il b Jl by (b 6500
2 &S (Sl clacldS (VY Yan)dy0l )0 €8 a4 cand b oo 4 1y gl e 9 03,8 bis laal JUS 51, lncanisas
O3 o bR GO S rizman gl o S 4l Sy )3 1y (Sloji sl b Sl S (1395 &0 0 il Jleb iy iy
55243l ge o] S GasnS Slagl 2 )3 45 95 o atiS (s b (oS 5o bl 4 o 395 o0 S5 laasly (g5l > A
sl o unss cel (Sl G5 L olyen a5l QS aS b 0 dbul adgl GBS L weSee is x> 51 0 0 agl Ob S
(Yoo ¥ N e 5 (od)cul lnolBass j5  Suwd o ol s 45 340 o0y g O o (slodon

ot Bl 31 (Sl (Kt O s 0950 15,15 bilsng) dloj| (S5:8 lge 51 jge Lol oy &5 age sl 285 & 2255 L
Fpo loyioly () A8 sl s pdiliplie S)lud S5 e ol w55 Sla bl Cguy Sdg)ln 5 BlEg) wdige ple )
W dg b 305 g il 4zl ol oolail g el (b jebieas o] o e et LB Nl e (s O Bos bl
St O o i (sl owlol Jooly b 585 (calaly < jorm o)y cJBd ody ol 5 a8 (o3b; (o yial,b g gudge (S
sl ot &l

ot bl cds oS w3 @l ekl b g ol s claosls clus p o (slagsl (Siws O Bos (po5d (ly b Ly,
by Bl o j50> JY5 51 (S ol ogMe bl o o8 il o (2Ktles] (slaosly (sliso 2 oS lalyy pogasy (St o (3os
ohsn 3l oalil 31 ledls o il (Std Of s b aliog) i Slasedo b g (Sdgyin oyl (g (s bl 4
o Sl Sdopier edine ol ) egaty s (S Glaptee Giledie Uln daly S plgsar (seiae
ol 2 cg9o9e Cuoal ayaagi b led ae) (al 13 6350 S Wl o] Sl el 5 conl B S )18 edlizalsyge (Alsre sla el by
poye Sl b ol dulie 5 (5ian (eas 4Sud Jao (pS) 4 b D (o 0ad (5pSojluil o glaodls ) eolinul b 3uis
ool alp jloolital b (St o o s 3 o] 28kes ¢ 028 bilg) Cizman g (oS i g (b5 (g )T 1 e L) o
2 Wl e &S sane Jolge (St Ol 2l 53 5o (sl el 5y Cpmlucs SIUT olal p iomad (285 )18 duglie g ()50
)5 (Byre Nigd adly e (Sid Ol Ges (init

' Melville

2 Chiew

3 Raudkivi et al
4 Dey



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

OB a9 (5,15 (Sl

O Sl 4ol US55 a0l 515 5 JS5 cal g9 gy oSy olpond il ol (ol Gos (g (lelgs (V) aslo
5 co o Aol Gl Slasuie (9) p (Sand Gl Gas (03] Cud 4 el (VYo llSan 5 56530, 3,8 oy (S O (Bos
Sy B gy (sdndn ) & (Siwd O Bos ST by Bes w48 3l Ui gl ol plool pbeadlas s es
by o sy g3 sl yialb 5l (s O Ges Sl st ol (2Bilojl (claosls oslizul b (VAL Sen o Jole 3,1
25 Elsil sy p logtalesl sl b (VWAF) ()lan g sy 253038 adllans g0 asly 515 g JSb g 0313l gy (e > g (05l
2295 e ppizman Cal by (Stnd Ol Gas 2Bl il (b Co g dn b & W) axD ol 4 il e sw 5 4l
05z @)lge Bk 1o gse Jl (b (Sad Of Gos sl gl (V2o V) o)lSon g )80l sl Jl3)55 52 (ols Conl Sl loasly cussYly
oy (Syman (s &b J odlial b1y (i Cop Sl g gge Slid Co iy Sl iy b Ol Gas @0 0090 o0 €65
sloodsiggy p adllaoly (V- V) olSan 5 (Gl 2> (e 3,Sdas (025 uly) 0 G (= 9o (e dSud o5 3 (LS ol 00l 5
& Comd (50 ol (Eouae uac aSub &S ol L by awyp 20 pldl (651 blisil 5 (cguae awas a8 oly slawslis liwe
Slbl s (Sows o Gee Sl soiw lp RBE g MLP cgins aSis Jao 93 (YY), Kan 5 a0 )l (o5 blazul
L (Vo V) o) Kea §Paeme dllie 5 RBF Jus 51 yioo MLP Jae 5 ,Shoe Lol 0l oL 1) o05 zols Jdo 95,2 .165,S sl laasly
sl )3 T 3909 soasgly g JUK e slao e (St O Gos 810> (sl ly (RS ilotnd 5 338 o (555
b (Y Fohiar o gl a8 o Ty tal38l y il o (oLl Gl b (Siad O Gas & widh (lis g w358 0050 o
& s Jdo opl 3 lis ol g w50l )),5 axdllassjge lnanl ol S O Gos swiiw lp (BA-SVRY S 5 Jro S5l ool
(W) hlan 5 (6 piat 2.l (5 200 3,Shos 250 4dl5 Slogil Jolos jlus Sl g (gapailo (sl Jao o533 (y9m0 ) 278 slasbg,
5 e 6L eda by Suwd O Bes 0y50 gy 4 o gy opl 483 L laiiy Sl clapile I oslazul L

o35 Sl (345 228 by efime jglaie s 3l Jy slaojl (S 53 (e Sl o (St O es (e58 g
o o i 5 bl €83 g 6ad 00l dxwyy aBiulejl e y3 Llgy oyl 51 (B () Jgan)uiled,S &l b slaanl (Siwiol o
P2 st s 5o el den 56 aadpll (028 claadlls 3 o8 Cal ol e (YooY ())San 5 bL)asl o o (8l
(VAL Sen g Lesl) sl onis aib )5 JLas

I Kambekar et al

2 Begum

3 Multi layer perceptron

4 Raial basis function

5 Abdallah Mohamed

¢ Chou

7 Genetic algorithm-support vector regression
8 Ettema et al



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

el Ol s Kad O Gas gw e Sl odddly)l oo Jaly, N Jpder

St O (aesss dslae Gl b
D, =\/vrb""V" —y (1489) Ll <l
':;S — /e (180V)ZL 5 Y
D, =1/ avb’Tevleysre D;/\m vy a1y >GEJ“
D, =\/-ab"" a) LY
D, —\/ob’Yy’" (\‘\.\i)u\:}
2 raacBy 04101
D, =\/ \b’ty’® (ave) |l
B — v (2> e (14v0) g3l IS AL oKl
D, =\/¥b OAYY) 59
D. =-/vb VAV 55515
D. =¥/ ¥ (DRI (B (184Y) & il
%:alog(DLm)ff; =< th =vo
(T"Q)f‘;j:...z\‘} ‘}J
D. _ YA +N/ ¥ ; Yo <= b
b G /-v=<—L /7 s ’ D,

D /ey K K, Ltanh((V/Vg(G* 7‘)Da~)vJ (ARRRVYRNS- Cw‘ HN/GC

[=)
7 av PNV
N (Da, >

V [L]ab cansYU by Gos Y JL] b jo,e b [L] Stws o Gos D, sl wlole Jodo ol jo a8 ),a ooyl )y
oS agwy @y s D [L] gy @) lawgio s : Dl cansVU 5 39,8 sie Fr LT b 4 okes K3 by s oo
hbatans (slaal (gl 48l b JSb mumas cops K| gy @l (s JBo Gy [L]wlos S joue S5l gy il s yd AF

L .. -
e K = (C039+Esm 0)"7 a1 g ol &l b > )98y s omal cups K g sl Kool ko 55

Mo JY5 Ol gy & g bl geoai cops Kol ab b gl 0,68 0 49l 0 5wl poye Dl Jsbo Ll s 48 33,5
Sl MY BN o o Jlade 5gll 5 O bl (lp 9 VY ]

OAR9F (99

osly Gl (s050 4 W ol )y

38, B gy Slasuio g Jb (i Slasuie )by Slasuie ke (odaxio (layiell (Siwd Ol Gos (pess g1y
2 S pgd g MHh (S o BaS 1 (& piakis )A;L &S olayiel)ly 4Gl sl Jds 90 09 Jlaide Baiod pl 0 dm b sla el )l Sl
ol 5 3lsn o 0054585 a5 > (ol pial s £l 45,5 ),5 oolisials ygo yuiionn b colisio

Dg = f(Vey« Lpe Wp<O¢ Dsy<Dgy @) (")

2k 02e Wy LT b b ol 2580 455 0 L] ol cae o 4l Jobo Lp L] (St ol oe Dy (1) sy 2 &8
JL] wlo3,S ygue o 51 @3 o3 AF a8 (g ylad Do L] @b bawgio Jhd D L] obys ses Y LT ol copw VL]
gl Csd 4y St U et sl |y (V) oty gion oSSty gy coobel il 51 oolisal b sl e sl S 13l 516 @



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

& P ‘DSO‘G‘ Vv %) ()

y Wp D84- /gy

ol aeys g Ml e el ) sol)l 1A ey )3 oolawl 5,5 acled oo S5 4 il g5 G 3l a0 4SSl 4 4 b
W0)8 Bl Y g ) Lalgy I szl

= f(

(144Y ¢ s shodal Ll js Kot ST S8

Lodly Slaswin
aso 5 02bl) glaosly I (St OF Bas gty 0 S g (b5 (g )S) 5 (Sghas (oas 4SS Juo bl )
4 By Jol cdls azin swlagll 8 O o7 Y5 O bulyd 90 3 Wy o (S O 05,5 odlil (VAAR)) o Kot ¢ gm0yl
Sy ol 50 0gd e sbul 01 S Ol Ll i & g0 cpl il 10 VIVo) il &8 1> ailin] s s yin b, Cae o a5 35T 0 999
A da 9l g e b Gygo g3 4 odld Ol (godgae ingr gl IS T luli o oo S g Y ol Lyl o laools 5l S
P St Ol Goe i ly 02bal)] 25 bulyy Cunl odol V gz p3 &S (gpgbolan unl 005 02,9l ¥ g ¥ Sl 3 i
2 .2538,8 51,8 aolatuld yge dry yads g A b Cyguo 90 4y Lol (iag s cpl pd 1 cloddiddl)l dny oy g das b yguo g3 4 s w0l Bl L)
I8 oolitwldyge (ouS 5 Cygods oalaiwldyge (sl el il ool e wr ads b slaodly b duslio o dm b (slaodly I eslatw] ¢l
5 ookl )3 (Yoo ¥) olyKan g gbb g (YY) oy Ka g 0dlj Jaolol wilo (pubiae plo clallae b o yialS byl slass 13 o5 S o
byl 0 Sas (g9 5 Wlgi oo bl Dlas puioad g Jdo 4y (6395 (S0l oS 5 aS by i Luas 4 JSle souas bon sla Jae
33,8 )8 e3litld g0 das g 9 dm b Sy 93 4 o s (6399 (sbaodly (o 5l 58,5 a5 15 (sl polaie cpy 1 Bl anily 50
o (6ly (odls 2o yd Yo Jolna) 031> Y0 3l g Joe 3590] (sl (031> JS soyd Av Jolao) 303 VoV saislssl (slaosls JS' 51 cpimon

235 edlatwl e

' Richardson et al
2 Clear water scour
3 Live bed scour



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

e dl‘f“)‘-,; Ob::ﬁ Godgdomn ¥ Jger dngly QSL‘J:"U'.! O‘_;::’U (§0d 9dsws .Y J gl
n.)j.l:m uj:"")\:'
D 63 g d>ws ’\>l) LAJ:A\)L).
-=Y/yY = .
Y glfe.—ve/ar (m) .
ded—-TAD D.. IYA=Y¥]-0 (m) W,
D
) ¥ (deg) o
v/sv—vyolvs i SIye—s/ €A (m/s) \
W, WALEEYEIN ) ,
HfF—AY Fre— WAVELIN (mm) D,
Joy
Iya—vy (mm) D,
=\ #A (m) D,

Jde 41 (6399 sl pol )y S

3oe)Jte 29 5 (D¢ Dy glimal 4ls by Gos o il 1258l Jsb)s3959 sodls (e blsy) & olbcns yslaias,
sdolcundd guls b plosl SPSS ljdl 5 5l oslitnl b de 9 g dab el g3 50 j85e (sloodld yo (Stuseds (9050 1) ( Sinws O
3 9 A% g (onimd L # oMo a5 €8S )3y pd 90 Loyd A AD prlaws 93 )3 odld  Siseds fanl 05 039l ¥ Jouo )
oS gy R=cTOF fln copu g (St Of oo o (Stunod (0t ¥ gl 40 a5 L bl o A0 o (goimd i
2oyd A0 paw > (S O Gos g O o (Stased S5l 4 a9 b ool 03 R=2/-A (St Ol Goe g O o (Swson
)5 Blo Jae 4 (939)9 sodls I el el 098 5l e

Copd b O Jodo a2 bl 00 03,510 Jg 3 o] s & 0 gy 0 5 S g 2o 3 W alyly e bLS | ien
cud 39 R=-154 (F :%) 39,5 308 b (St O Gar Stasod

gy

Eguan mas &S S
ol Bua WS e el sl oSl 60554 b dibl 5 5,8 o Sygeo bodly (558 gl &S cul Mo ao1,8 (golSeols
lodls I (glaegomo jl 1y Lisls (eguan ogn eSS I odlinl b a8 situn (a3 bagiuww ol @Bly)s ol i golSodls
Jos pi SIS 53 (silse &0y &S oasaisle (glosls Slles yobe ) Sy olsicds (ANNY Lsgims uas aSud LS Lo gyl
28l (G9r)smas sladab 5l (29)S ol &Y jp oS ful 0uB S5 (B33 9 (2953 «539y9 4Y dw I 4SS ol S
Cuoddy s 5 e b (oleia) ijloy sy o (o5 slrodly dlawi & (295 sl (6099 (sloodld a4y (63959 slaa)Y
Yosw b cdls jd Jde 4 (6399 slaodly slaw ( L3 550 ;5 oadplbnl (Siaweds 3JUT Lolol ¢ imgs cpl 5o (Vo)) Tolalla)a] o
odolusdey s gpge3l b (lagy (sladY sl (ppioam b a8 S Jlai )3 (St Ol Bes gty Sl el Vg 2o )3 5 2l

1 Artificial neural network
2 Hanrahan



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

MAEY (a8 g s laspo xSk (RMSE) (35208 (RT (Stads oy oy yiiir 8 05 0l 59k oy slaasY sl .cun]
(R yeS g o e o (Nl i (yp plin b ol

solyb ol aosiiyd g asb o <ol @ jiolb 11 5,5 e3lil 5,5 azled hate JS3 1 il g5 SO 5l aios ol 50 4Kl 4 a5 b
2y CHged ulyuﬁ |) Y 9 ) k{]g) ()"‘)"L" ! o0l LSL'Q uu?U PN &S M )JLT L)"’L“" P Opred J.;.))f Gis ¥ 9 ) ]aa.b) )|

Dg = f(Vey. W,<Lp<©:D50<Dgy) (%)
E:f(LP‘Dso‘ 4 ) (¥)
y W, Dgs \/5

; B Oge s
20 aBae (dad guw)S) 50 g 0 S ABss (dad (guw)S) WSL Jhwe yuite SO 1 Gl Jold &7 Sgm S 4 &l
Dgu o0 LG 25 Dygods g S (o0 031 (glatunly pite 69y |y e Nix b g3 (oS lojen

Y=a+bx;+cx, +-+¢ (&)
Dy e &S slae clas € 4 Lyl g Jtme (cloypitons Xy o X, 4 g diuly yize Y & &5
S g GgesS)
Db e Ay pj O ygod & ful Jiue e iz g ey pite S ) (b (g )S) Wle 5 s s oS
Y = Ax3.x5.- (%)
adl

A b slo el o (Ssen 0 E g

D, D, D,. y v W, ® L,

Y A AR & ¢ Y & Y A e S ) L,
=N = ysT YT YT T e | ©
VALY & ¢ Y & A N A F 2 ) W,
RS Y £ 7Y & A P2 | \4
ey 0 VAR ) y
VAL Y AL ) D,.
Al ) DA\‘

\ D,

2o A paw )3 (b drekE Mo A0 maw ) (gl Srew

2 Root mean square error
3 Mean absolute error



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

s (pas dSows il Jols gl

Jolis e @l Jloa b dw b clls )3 @jgo 93 4 aodls [ cgiunn (mae aSis Jao jl ool b (Stuwd Ol oe (puess jolaiods
b5 i b 03l i A LY e (claasY dlas cpioren A 03l ibige] MdgeSim 5 gy il (S gyt Ol (wgS
Wl 01 035l £ Jgaz )3 S ymme b5 p»

2l RMSE /Ad (s cops b h590] sl 3 1y (S O o oS atudly Sho 4Y 5 b Sgrpmn colS S ymmo b

20l @l ot ab (38508 5 Slg e COIBE Sgypen il (0s) JI b ez b Jao 35 dn g 2l

oy b biael sl g 53 1y St O] o sl il oo 4 ¥ b Silgryd COIFE S yoxo gl sl 005 03,51 5 Jpis
u"“’u‘“‘" <I¥Y ﬁlﬁ MAE .. /vy )gl);. RMSE .- /AY u.‘.uu w)ao Cund Lg:ll>).o P9 Y ﬁ‘ﬁ MAE ../v¥ ﬁ‘ﬁ RMSE .-/Ay
&S

OLiS G g B0l sals yo 53 ey (o g dm b s 93 )3 1) o gian nas 4Sud Jio gl i (SAS T jlee Vg ¥ sl S5

e d o b 4 Cud (6L &ﬁbbbwg]‘}o&@bub).) S oaas (omac &b Jde gycplil ol 4Bl jials am o
ol 03,5
jMM@JJﬂd‘ﬁ'j‘J&l’@wwﬁ--\dJk

s u:)'}"T I
R’ RMSE MAE R" RMSE MAE

(m) (m) (m) (m)

/) +/84 oYY AV N /) s S

+/44 o/ o/ /A0 N AN ol Ss,ma Lo - osine wre iS5
AL /8N /YA /A0 AT AN 56 S g s A

o +/80 AL AL AL Y NUP o

VY AR XY Ve AR AN DS el = s gene e S
Ve YA XY VA XY TAH il S5 pen A

<A oYY AN /A YE AN 5L S g s

%% Vin% XY Ve /Y1 VAN NUP o




o125 Ll U o samalin 5 oS ghane s aSd Joo 31 03kasl Uy drly (Sinasial (305 oty

2 -
RV:,/AO LJJ"" L}*’)9"°‘ ~all
}) 1.6 1 RMSE=./\¥
< MAE=./1\ °
1.2 -

0.8 -

(20) el g o

0.4

0 - T T T T 1
0 0.4 08 12 1.6 2
(jin) ol d].:? a)'\.,\}\ ,_iw \ e
1.6 -
R'=./ay Joe cud -0
} L, | RMSE=/s "

MAE=./.5

>

0.4 -

() edd f

0 0.4 0.8 1.2 1.6
(JZA) ol 615 A)".Ul ;LNL.;T &a&

e (o e o590l (il (gl Ay b Sl o ginms s aSKd ke 5l olitanl b (Ko OF Gas b Y JK2



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

3.6 1
R=4/A\ Ohygal —all
> 3 1 _
R RMSE=./vf
4 241 MAE=v
: °
4
) 1.8
3
1.2
0.6
O T T T T 1
0 0.6 1.2 1.8 2.4 3 3.6
ol LSﬂg A)"J..':\ DS/y
2.5 -
Y=, o —
/M - ° o
> 2 1 RMSE=. vy
a MAE=. /vy
i) 1.5 -
1 b
1 ° °
3 o ¢
051 ®e $ .
AP
26 ®
0 T T T T 1
0 0.5 1 15 2 25
sk 55 oSDJy

dde i Jae el (Cl dmy O3y Sl o sinme e 4K ik Sl o3lizd b (Ko O Gas by ¥ IS
sy g (B3 g )5 ) LS

sV Ly 4 a8 am gt g dn Ll 9 50 (S g (s (o S) Jue 99 1 SPSS I3l (St O Gas (ra5s jglaion,
3 sl |y (Sowd O Bos dw b (Jad a5y 48 ol 0sid 035l Y B F (cla S5 )3 oelcunddy ol b (wyp Jdo 4 (63959 V"

RMSE /0% ply oy oy b (h590] (gl po p3 1) (St Ol o sy e el (0 08 o i <V ol MAE /Y- il
b 93 .S i sl +/YF ol MAE /Y 5l RMSE /8¢ s Co o cans sdlsyo 45 9 +/YY ply MAE /XYY )y
RMSE (st g b il 33l 2o y> YY/AY (s oy ¢y j90] (gl 1o 53 s o el a8 canl oddoshy lis 0 ¢ ¥ sla IS5 5> sdbazss
ol g awisly Lioli8l s b el 4y Cons 2o )d YIFD sy o s (s o pd 55 Cand (gl yo )0l aBl il 381 VANA Hlade o



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

ot b el 4 cans YL B by (Sad Ol Ges dw o (o3 gawsSy gyl Canl 4l jil53l w00 ] RMSE

.Cm:l ob)f
2.0 1
Y:./f/\ L)")?‘" _‘-“'” \:
3 1 6 . -
~ . RMSE=./,vv
MAE=./v\
T2 oo
15 0.8
1 o
0.4
0.0 T T T T T 1
0.0 0.4 0.8 1.2 1.6 2.0
oLl L§J3§ n)‘J.l\DS/y
1.6 -
RY="/0A Joe Cas -0
RMSE=./y. i
1.2 4

MAE=./\¢

0.0 0.4 0.8 1.2 16
()2A> o 6; A)'UJ\ ;;—««.;.IT &o&

Jde s (o Jde 5501l gy i b Sl o & guen S 5 Jibe 3l 03linl b S O Gas i £ JSCS



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

3.6 -
R¥=./84 U T
! DRjgel -l \:

30 1 RMSE=. v
)
S’ 54 | MAE=.
;3 1.8 °
)

0.6

0.0

0.0 0.6 1.2 1.8 24 3.0 3.6
sl 5,5 Dy

3.0

R=./%. J..\ACM—&_: \:
2.4 1 RMSE=./¢y

MAE=.,v¢
1.8 - °

ol (S i Dy

O-O T T T T T 1
0.0 0.6 1.2 1.8 2.4 3.0

ol L;JS c)"JJ\Ds/y
Jds i e 55 3al(Cl dm 09 = ot O e ,S5 it 3 ol b (Kot O Gos gy 0SS

FOINN Cynss o pi hig0] (gl yo 50 a8 ol ondodls LY ¢ 5 cla S5 ) gl ol ST i atslys /N0 ply MAE (/Y
OVEF dn o o 13 (s o b S (gAl> o 1> g Cuwl aidly zalS 0o 3 ¥/ RMSE (sllas g adl i8] an b cls &) s a0
b )l atuilyy Jad e yomw)Sy gy0plil 4l ials sy OYIYA (I RMSE (clbs g el 4l i3 am b el 4 s duoyd

S bt b Sl 4 s VL CB L) (Snd Of Ges duo



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

2.0 1
Y=, . 7 .
R=./f¥ ORjgel —all Vi
>. 16 4 RMSE=./vA |
o’ MAE=. /vy .o
1) 1.2 4 °
4 e ° [
3 0.8 A ‘“.‘ & °® d
° ° °
ke e .
0.4
?C Q'Q "
0.0 T T T T 1
0.0 0.4 0.8 1.2 1.6 2.0
R L_g).:f a)"..le DS/y
1.6 -
R=./. Joe Cend —0
RMSE=. /¢y .
1.2 4
MAE=./vs

0.4 -

() 0 (S Gl

0.0 0.4 0.8 1.2 1.6
(J,.«.a) ol éj:f e‘jl.h" y_ig.v....v/" L.I oY

Jds i e 5 5al(Cill dmy b Sl o b 03 g S5 ke Sl obianl b (Ko OF Gas i N JSS



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

3.6

DJy

24

[ SN
©

3.0

2.4

1.8

1.2

oS s o Dyly

RY=. /v
RMSE=./vv

MAE=./\v °
0.6 1.2 1.8 2.4 3.0 3.6
ol (S5 o511 Dyfy
=44 Jow Cs —o
RMSE=./¥.
MAE=:/106

1.2 1.8 24 3.0
ol 6]:‘5/ ejl.m DS/y

Je s e 55 5al(Cl dy 09 SIlm ot 16 O gen S 5 Jbo 3l enlid b [Siand Ol Gas im e V JSS

w2 klg,

oxlatwldyg0 (glaodld jloslitwl b ise cpl )0 (Y Jgdn)mlio )0 39390 (yo0 balgy b idngs () 50 edlaioldyge (sl ybgy duwlie (glp
XYL Ly (S o Goe Cuwl atslyr gal, I8 bl o8l alayly olianly yge alagly VY les 51 didla gy (S J B (eSS &

ol 0abodly Hlis s dlsyo jo A S po dasly ol o



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

1.6 -

= 0r e e~
12 1 RMSE=./m ®* .
MAE=./\¢

(o) o dd o o Sl Gas

0.0 04 0.8 1.2 1.6
()2.4) ol ng:f aj‘.h'\ ¢.<2MT w

Jhwd’f)é (JA)‘}S‘_;JUAK.&JA)U:J@' A.E.ab U‘-'-J:'G")| uW\L}L&uTWWu@, /\Jia:

Jde Cos > 0 s

R™ RMSE(m) MAE (m) @olel ekl
/e /e /AN (14£9) Iy
YV VY AL (80V)ZL 5 Y
A VA% +/04 QRNADF
o 1/0) VY (a1 LY
N oV /7 0ae)
Vi% AN /87 (410)M 51
Y 0 Y/VY (1ave) J sk
/oY /YN A (14v0)CSU — 431 15 LIl
Y /4 Y/AE OAVY) 550,
/v V/EA VAR (VAAV) s 4S5,
AR \/00 \/oY (V44Y) O sl
R VY VJAY (YerQps el 5 S

¥id AR /A0 (V) e Sl HN/GC



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

S O ok dut i (59 AliSeo (o duu o

e A Jodn 13.08,5 &g )l 5l odelcuwnnt gl dwslie o St O Bos (o i cilisee cla i oUlg wyp <y
laJbo ) odeluwddy guls .ol oadodls (Lis 2y20 Llgy 5 (Jad e gmw)S ) (oS Cyomw )5y (S giuan amas 45w Jdo il Lol mli
&53lgI)Mgi‘}o.cJ.:u.OgJ.gC,Jl>)>Ub.&ﬁédw)f)9ula.'>Ow;)cwbdb)aucwwacmAndwaQw
S Fars (guac S Jdo 2 O copo sl ool OU;}AJ%\? 5 L'zL'j @bﬁJmmwlwwhAbxa)Md):Yb
4 Cuomsd 20 VIV I RMSE (gllas g bl o3l (oS e (ygmm )5 & Coms 2i0yd AIVR g (oS (190 )5y &) Com Loy 5D
b diwilys dm b cdls 0 egiuan (awac aSud Jdo gy0plil ccuol 00,81y (alS Jas il e )Ty A Cud Ao yd AD g (oS e S,
S ot ) (S O e 005,53 (gl oyl & S gyt 3)Shes

ol ish)ebgrpe (225 daly (e 9 JHe (nl o & Slanalie b g ad Q! Jae (i plgisd b (Sgiae uas 4SS S
"j RMSE _cles 5 o8l )20 salaly A Cund 1o WALy Copd &S A o i Leb‘_'ﬂ duwlio b pbl (901087 L)
c:joﬁaéddgd@bdq&w|)u.i‘;w.i}c,j‘}Q.cd)i,.;l,,fUg.ljly’l.gL;c}'..,.a.oL;y.a.c45\,..’(3J.\a”dﬁlﬂ.m]a\bﬁb&mgw)ac\/\/'v
Ll

s hailsy 5 dde mls o 2 A Jadr

R RMSE MAE

Y e /00 g,;li,ﬂ&gﬁm,acu.@p&awwwo&.z

AN OYY YY SINBE S ed Ay Dy e e <SS

/0N AR AR Ao b et Ogen S
At /Y AN Ao Oas ot 05 S
At /Y VAN N e P )
/4 AR /N0 drs Osls o b O g S
AR /Y ./oY 530S AU Ksils s ddal

5T 4 s cnl 3 o) 1) 586 (S g iy (Stud O as 2 (02939 sl iall 5l (SuplsS Sl 008 ezl polaion

0)S (Sgan (as 4SS S 3)ly dn (gl g dar b g 93 4 (639)9 S yel)l jelate (s S B (639)9 (S el )l Sl
WL*QJ.JDUd‘ﬁ)yob)fwwC;‘B.)u;).:um.:Lb@ui&dudw\j;bwl&w&yr&eb4\5.\;ul.>u\.]l>).>
ey gl yial)b Bl LY Jgas zols 4 d g bl osdodls lis ¥ Jodo jd )] zols 48w ool @b cpl 5 55 dw b gla el b

e gl dn gk o 35 25,1 (St O Bae 59y 1) 86 a8 g oyt S e 92959 sloyal 51(0) 5 (V)okye



125 By b o] mslin g oS giua o dSend Joo 31 o3l b by duly (Shansi] Bo8 G

55 ool i ol b 55 Wb iel )l Copmobus S it 6Vl €85 b 1) (Sad O os b 4Y ¥ L 3y diaslyy calil K gy ppen

L
. KT .. p . . . o . T T g
Boe 89y 1) 38U (S g o i W, ! FI s35)9 syl Bis LA Joio s 4 do55 b cawl oad 03)5 A Joio )3 o gls &
w] o.)‘.) uL.uJ L;i».mw ui
RMSE (m) R" ST Slanta
/oA v /AY Lp
/Y AY v /ANO
]
/oA v /AY Wp
Y A
/4 /, v
/e AA /AN
y
v/YAY v/AL Dm
v /Y AY VAL
DA?
s gla bl ol Lo e J g
RMSE R" Sl lase
LP
~/~é/\ -//\? —
Wp
¢4 A D,.
./. ./ DAY’
./~ A ~/’°/\ Fr
& y

loodls 392y pas g0 )3 sl 639, (udie b Lo o Bluws 5 Sgyuen oo ) pre glo 2ol 51 (o (St O Bos 3591,

35 ol ) W yles allies 4y (5 0 S8 Wl po (Stund Ol Gas (3059 sl Madign sla o b 5 (285 bl ) dlistol ¢ o8l
Cd)S )8 oalislyyge (St Ol Gas 25l (sl (S (s S lilyy 5 275 ilg) L dnlie ) (e gime pas aSd Jua 5l oolitl
VoSt Of Gas ol 3 S50 slojielly 9y p (Stawer ST ol polaio (s .85 8 aulio 350 waly oyl 5 )Sles
by Goe (V) ol e pd W) ol pose (B) 4L b ol 3y agli (L ) olye e o b Jobo slajial )y Jabs il
(Dy) (Ko ol Bos ity sl (D )lons sgme o S 0l 0oy AF o8 ()b 5 (D) gy )3 bngia s (Y)



Voo 1)) Ve Ol (g9 080 5 &8 ey 0 (598 / oo 5 091 ol |

5 dmogh g0 4 Frg D /Dy L, /Wp el d PSSl (hey 4 ool 5T ol 1 imen (285 )15 ealisuls g0
58,5 548 ealatwl 590

(35 4ol

o Vb B L 1) (Siad O Gas 3,5 ool dw b (sloodls jl a8 b jd cgtuan mas aSd Jio 2 ol 3ubo0 ol
D S S T I Jio 4 83959 sleoly 5l eslazwl (S Gers (ouas a8 Jde silon e .3)5 (GRUR m 9d s o
3 Jhe 4 (63959 0303 Dlax 39 st 4 bgyye g5 o )] Lol e oS il ).ul.: Lyl €85 (695 2 30 dm oy 9w b & jgo 90 &
ool e alarly sl (gl Jio (6 pdpBllanl g sy (3lj] 3 sl a5 (63909 ) dnaier b il )3 (6999 V) e b s
By o> oLt (Ssud Ol Gas S sloyiolly g9y 2 oAbl Comlus v @l pizman 3L o 5] (298 5 Jb 4 0200
St Ol Gas (69, 1) 580 oyt T ol 598 500 9 (V)b oy i S 18 o0litials g0 aa b g dms (19 50 93 42 ol
225 balgy plo b duslie ) gl )IS7 L) oSl galaly ol lis  Suwd Of Gos cwiin slp (2yo0 dasly W5l eolazul )l
9o )d o 639 rva:d.u_iu).s L&s‘_’j ols ot pe o )Sy b duolie )3 g Wi peesd (6 cé bl ‘;:w.a)u] Sos Col Mly
odlazwl 1V camd lis 05 5l gyt 3, lod e g Jad e S sl Jie g yo0 baslgy b dunlis )0 ol diuslyl une aSls e
235 o pdey cuslio 3 S lyisay (St o s e 0 ol

&

ez duged o8l 1) ol )8 sbipbly -y sl Sl dge (Sl sty oty o (MV) Sidgn 03lj Sgue
jlgal

Ol e yudy (80 pably llas g (g5 yd0l p gl (DY 1) adge Syl (gdusle sloial,

IYV-YFe YO(Y) S g Ol il ap s b claal ( Sawiol claiolojl g Jae Lubide 51 (VWAY) . cheo ¢ i g e S o o)
https://water-soil.tabrizu.ac.ir/article_4032.html

oo . bty Y sl el 5l oolawl b s 4l ol bl Mi Gof (e iy (VYY) el gupad dlae g ceilows ¢ oiily (g pa0ie
http://mcej.modares.ac.ir/article-16-5542-fa.html .YY-YF AV(Y) ¢ oydo oylyes ddgls als

References

Abdallah Mohamed, Y., Mohamed Abdel-Aal, G., Hemdan Nasr-Allah, T., & shawky, A. (2016).
Experimental and theoretical in vestigation of scour at bridge abutmentAbdallah. Journal of king saud
university Engineering sciences, 28, 32-40. http://dx.doi.org/10.1016/j.jksues.2013.09.005

Bateni, S.M., Borghei, S. M., & Jeng, D.S. (2007). Neural network and neuro-fuzzy assessments for ~ scour
depth around bridge piers. Engineering application of artificial intelligence, 20(3), 401-414.
http://dx.doi.org/10.1016/j.engappai.2006.06.012

Begum, S.A., Fujail, A.K., & Barbhuiya, M.D. (2012). Artifical neural network to predict equilibrium local
scour depht around semicireular bridge abutments. 6™ International symposium on advances in science
and technology. Kuala Lumpur. Malaysia. https://civilica.com/doc/158958

Blench, T. (1962). Discussion, of scour at bridge crossings. By Laursen EM. Transactions of American
society of civil Engineers ,127, 180-183.

Breusers, H.N.C. (1965). Scour around drilling platforms. Bulletin of hydraulic research, 19, 276-286.

Breusers, H.N.C., Nicollet, G., & shen, HW. (1997). Local scour around cylindrical piers. Journal of
hydraulic research, 15(3), 211-252. https://doi.org/10.1080/00221687709499645



225 Wil b of (Gamlie g (Sotuan (uas a5l Jao jl o3l by gl (Sl Bos (S ol

Chiew, Y.M. (1992). Scour protection at bridge piers. Journal of Hydraulic Engineering, 118(9),1260-1269.
https://doi.org/ 10.1061/(ASCE)0733-9429(1992)118:9(1260)

Chou, J.S., Pham, A.D. (2014). Hybrid computational model for predicting bridge scour depth near APA
pier and abutments. Automation in construction, 48, 88-96.
http://dx.doi.org/10.1016/j.autcon.2014.08.006

Dey, S., & Barbhuiya, A.K. (2004). Clear-water scour at abutment in thinly armored beds. Journal of
Hydraulic Engineering, 130(2), 622-634. https://doi.org/10.1016/S1001-6279(10)60041-8

Emamgholizadeh, S., Bateni, M.F.M., & Jeng, D.S. (2013). Artificial intelligence-based estimation of
flushing half-cone geometry. Engineering Applications of Artificial Intelligence, 26 (10), 2551-2558.
https://doi.org/10.1016/j.engappai.2013.05.014

Ettema, R., Melville B.W., & Borkdoll, B. (1998). Scale effect of pier-scour experiments. Journal of
Hydraulic Engineering, 124(6), 639-642.

Ghazanfari Hashemi, S.G.H., & Etemad-Shahidi, A. (2012) Prediction of Scour Depth Around Bridge Pier
by Support Vector Machines. MCEJ. 12(2) ,23-36. http://mcej.modares.ac.ir/article-16-5542-fa.html [In
Persian]

Guide to calculating local scour (Journal 549). Vice President for Strategic Planning and Oversight, Tehran.
[In Persian]

Hanrahan, G. (2011). Artificial neural networks in biological and environmental analysis. CRC Press. Boca
raton. https://doi.org/10.1201/b10515

Hassoni Zadeh, H. (1991). Investigation of local scour prediction methods around the bridge pier. Master
Thesis of Shahid Chamran University of Ahvaz. [In Persian]

Inglis, S.C. (1949). Maximum depth of scour at heads of guide banks and groynes, pier noses, and
downstream of bridges. The behavior and control of rivers and canals. Poona. India.

Kambekar, A.R., & Deo, M.C. (2003). Estimation of piel group using neural network. Applied ocean
Research (25), 225-234. https://dx.doi.org/10.22115/scce.2019.173862.1098

Laursen, E. M., & Toch, A. (1956). Scour around bridge piers and abutments. Bulletin no 4 lowa highway
research board, ames lowa us publications.

Lee, S.O., & Sturm, T.W. (2009). Effect of sediment size scaling on physical modeling of bridge pier
scour. Journal of Hydraulic Engineering, 135(10), 793-802. https://doi.org/10.1061/(ASCE)HY.1943-
7900.0000091

Melville, B.W. (1997). Pier and abutment scour —an integrated approach. Journal of Hydraulic Engineering,
123(2), 125-136. https://doi.org/10.1061/(ASCE)0733-9429(1997)123:2(125)

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

Melville, M.W. (1975). Local scour at bridge sites. University of Auckland. School of Engineering. New
Zealand. Project Report No. 117.

Neill, C. R. (1964). Riverbed scour-A review for engineers. Canadian Good Roads Association Technical
Publication. Ottawa, Canada, 23.

Raeisi, N., & Ghomeshi, M. (2015). Effect of Model Scale in Bridge Piers Scour Experiments. Water and
Soil Science, 25(3), 227-240. https://water-soil.tabrizu.ac.ir/article_4032.html [In Persian]

Raudkivi, A. J. (1998). Loose Boundary Hydraulics. https://doi.org/10.1201/9781003077800

Raudkivi, AJ., & 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)



VoA 1)) VEe e Ol (55 0,00 59 48 iy 5 (5,918 [ o> 5 0313 Sinl |

Richardson, E.V., & lagasse, P.F. (1999). Stream stability and scour at highway bridges. ASCE
Publications.



Advanced Technologies in Water Efficiency

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

Ragi University

Evaluation of the effect of groundwater abstraction on changes in discharges
of Sezar river

Simin Khosravit"” , Hasan Torabi Poodeh 2=

1 M. Sc graduate of Water structures, Department of water Engineering, Lorestan University, Lorestan, Iran. Email: simin.khosravi@ymail.com
2 Corresponding author, Associate Professor, Department of water Engineering, Lorestan University, Lorestan, Iran. Email:_torabi.ha@Ilu.ac.ir

ABSTRACT

Introduction

Development of water resources due to the very complex nature of climate change and daily, monthly, annual and long-term fluctuations of parameters
such as precipitation, temperature, evaporation, etc. and consequently the fluctuations of surface and groundwater flow fluctuations, without statistics and
information It is very difficult and almost impossible. On the other hand, the existence of past statistics and data is of little value in itself and is valuable
when using this data and setting the values of hydraulic, hydrological and hydrogeological parameters. To plan for the development and exploitation of
water resources for short-term, medium-term and long-term periods for the future, to predict the flow in the future, it is necessary to know all the parameters
affecting the flow. The basic parameters affecting the surface flow of a river in a particular section include rainfall and the amount of surface and
groundwater withdrawals, which can be effective in the occurrence of a significant trend in the discharge of a river.

Research Method

The data used include data from 3 hydrometric stations and 15 rainfall stations, information on development plans inside and outside the surface water
resources basin and information on the year of drilling and coordinates of water wells in Sezar basin in the statistical period. 1970-1971 to 2007-2008. In
this study, first, the linear slope of the Sezar river discharge time series trend at the site of the Sezar strait, which is the last hydrometric station on the
Sezar river, was estimated using the TSA method, and then using the TFPW method, the effect of the coefficient. Autocorrelation was removed from the
data and finally the changes in the discharge trend were evaluated by Mann-Kendall (MK) test. Decreasing the discharge of this river, three main and
effective factors in reducing the discharge of rivers, namely rainfall, increasing the withdrawal of surface water resources in the river basin and increasing
the withdrawal of groundwater resources were examined according to the concept of interaction of surface and groundwater.

Conclusion

In this study, first, the trend of Sezar river discharge changes in the statistical period of 1970-1970 to 2007-2008 was investigated. Based on the results of
the analysis of the flow time trend of the Sezar river at the site of the Sezar strait station in the statistical period, this river has had a significant negative
trend at the level of 10%. In the continuation of this study, in order to investigate the causes of significant negative trends in the Sezar river discharge time,
three main factors affecting the river discharge flow, namely precipitation, surface water abstraction and groundwater abstraction of the river basin were
investigated. The results showed that the existence of a significant negative trend in the discharge of the Sezar river is not related to rainfall and abstraction
from surface water resources of the basin, but the reason for this significant negative trend is over-abstraction of groundwater resources. Then the inflow
from this river to Dez dam lake was predicted. The results showed that the average predicted flow of Sezar river is about 22.42 (m®/ s) less than the
average discharge time series of this river in the absence of over-abstraction of groundwater resources that does not cause the interaction of surface and
groundwater. Therefore, special attention to the status of groundwater resources and combined management of surface and groundwater resources should
be considered by managers and planners of water resources in the country. Also, considering that the Sezar river is one of the important tributaries of the
Dez river, therefore, considering the changes in the trend and the factors affecting the discharge process of this river in order to optimally exploit the Dez
dam reservoir due to its significant potentials and the Dez basin is very important.

Keywords: Interaction between surface water and groundwater, Mann-Kendal Test, River long term streamflow forcasting, River streamflow reduction
causes, Sezar River, Ttrend.
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ABSTRACT

Introduction

Rock fill dams allow flow to pass through gravels or in some cases, through the porous part. The main purpose of building these dams is to reduce the
peak flood discharge, which can reduce the damage to the downstream (Hansen and Garga, 1995). These dams have large pores, so the flow will be
turbulent and the Darcy law will not be valid, in other words, the relationship between velocity (V) and hydraulic gradient (i) is nonlinear.

Research Methods

In this research, 21 series of experiments were planned on 2 trapezoidal and rectangular sections of rock fill dams in a laboratory flume equipped with an
ultrasonic velocity meter with a length of 11 meters, a width and height of 0.5 meters and a fixed slope of 0.003 was done with glass walls and a galvanized
bed covered with fiberglass boards. To provide the discharge, a pump was used that supplied the system flow up to 80 liters per second. To measure the
depth of flow upstream and downstream of the dam, a depth gauge with an accuracy of one millimeter was used. Three samples of aggregates with medium
diameters (D50) of 3, 5 and 7 cm were used for construction of laboratory rock fill dam by sieving method. In order to obtain the correction coefficient of
one-dimensional equation b_0 and parameters (b1, b2, b3, b4), multivariate nonlinear regression method and SPSS 23 software were used to fit the
equations on the data.

Conclusion

Based on the observational results of the experiments, using SPSS 23 statistical software, multivariate nonlinear regression experimental data were fitted
and then the parameters of one-dimensional equations were modified. By examining the statistical indicators, the validity of the equations was examined
and acceptable results were obtained.

The degree of scatter between computational and observational discharges in the equation resulting from dimensional analysis, due to its proximity to the
bisector line of the first quarter and the high value of the R? index, is more accurate than the one-dimensional and one-dimensional theory equations, in
such a way that its error rate for 30% of the data is equal to 0.107 percent and therefore can be used as a reliable equation. Also, the one-dimensional and
modified two-dimensional theory equations were compared with the modified two-dimensional and two-dimensional theory equations.

Finally, the results showed that the two-dimensional equations have high accuracy. This study discusses the importance and need for an equation that can
easily estimate discharge with high accuracy, and the proposed correction equations also emphasize this issue. On the other hand, extracting a simple and
understandable rating curve relationship also doubles the efficiency, operation and management of rock fill dams.
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