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ABSTRACT

Piano key weir is a form of nonlinear weir designed to improve the discharge capacity of spillway structures. Due to the increase in effective
length, they can be used in dam spillways or water regulation structures. It is modified form of labyrinth weir which easy to place on the
existing spillway or newly constructed dam with less base area. There is no standard method available for PK weir design, and the amount of
published information is insufficient for the design of PK weir. In this research, the flow passing over piano key and labyrinth weir were
simulated using FLOW-3D model and the results of the numerical model were compared with the laboratory data. The results showed that if
the second order scheme and RNG k-¢ turbulence model were used in the numerical model, the simulation accuracy of the flow over PKW
increases. Also, in this research, the effect of the ratio of the inlet key width to the outlet key width (Wi/Wo) and the effect of the energy head
on the discharge capacity are investigated. The results show that increasing the He/P decreases the discharge coefficient. The results showed
that if the Wi/Wo equal to 1.5, the highest discharge coefficient occurs for the piano key weir.
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1.Introduction
Piano key weir is a form of nonlinear weir designed to improve the discharge capacity of spillway structures. Due to the increase in effective

length, they can be used in dam spillways or water regulation structures. It is modified form of labyrinth weir which easy to place on the
existing spillway or newly constructed dam with less base area. There is no standard method available for PK weir design, and the amount of
published information is insufficient for the design of PK weir. A large number of geometric and hydraulic parameters affect the discharge
capacity of PK weir, and their effect on the hydraulic performance of the weir can be investigated with a numerical model or laboratory data.
Simulation of flow over PKW using FLOW-3D software and the effect of the turbulence model on the accuracy of the numerical model is one
of the goals of this study. Also, in this research, the effect of the ratio of the inlet key width to the outlet key width (Wi/Wo) and the effect of
the energy head on the discharge capacity are investigated.

2.Methodology

2.1. Experimental model

Laboratory data is needed to verify the results of Flow-3D model. In this research, the laboratory data of Anderson (2011) were used to verify
the flow passing through the piano key weir in free flow condition. The laboratory flume consists of a rectangular channel with a length of 7.3
meters, a width of 0.933 meters and a depth of 0.61 meters. The total length and height of the piano key weir are 4.848 and 0.197 m
respectively, the floor slope in inlet and outlet key are 1:1.8, and number of keys is 4. The inlet and outlet key width are 0.116 and 0.925 m
respectively, and the Wi/Wo ratio is 1.25.

2.2. Verification of the numerical model
Selection of boundary conditions for the numerical model is one of the most basic stages of simulation. In order to define the boundary

conditions, in the inflow point (Xmin) volume flow rate, in the sides of the weir (Ymin, Ymax) and bed (Zmin) wall condition, on the upper
border (Zmax) symmetry condition and in the outflow section of the weir, outflow condition was used. The numerical model results were
compared with the laboratory data. The results showed that if the second order scheme and RNG k- turbulence model are used in the
numerical model, the simulation accuracy of the flow over PKW increases. Figure (1) shows the calculated and observed water depth for all
simulations.
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Figure 1. Observational and calculated water depth on piano key weir
The average error percentage of the numerical model in predicting the depth of water upstream of the piano key weir is 2.9%, which is suitable
for predicting the rating curve of the weir.

3.Results and discussion

3.1. Comparison of the discharge coefficient of the piano key weir with the labyrinth weir

Several simulations were done for the PK1.25 piano key and the labyrinth weir using the numerical model. The height and length of both weir
are 19.7 cm and 4.85 m, respectively, and the number of cycles of both weir is 4. By using Flow-3D model, the discharge coefficient of both
weir was calculated and the results are shown in Figure (2).
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Figure 2. Comparison of the discharge coefficient of the piano key weir with the labyrinth weir

As can be seen, the discharge coefficient of the labyrinth weir and the piano key weir starts to decrease by increasing H/P value, and the
discharge coefficient of the piano key weir is more than the the labyrinth weir. The slope of the input and output keys in the piano key weir is a
factor that guides the flow and causes the discharge coefficient of the piano key weir to increase.

3.2. The effect of the energy head on the discharge coefficient

Several simulations were carried out with the numerical model to investigate the effect of the ratio of energy head to weir height on the
discharge coefficient of piano key weir. For this purpose, different discharge were included as upstream boundary conditions in the model and
water depth and the discharge coefficient were calculated. The results show that increasing the He/P decreases the discharge coefficient. So
that the discharge coefficient for He/P=0.92 decreases by about 50% compared to He/P=0.24. With the increase of the water depth on the weir,
the interference of the flow takes place at the breaking point of the weir cycles, and as a result, the discharge coefficient decreases.

3.3. the effect of the inlet-to-outlet key width ratio on the discharge coefficient

Another factor affecting the flow coefficient of the piano key is the ratio of the inlet key width to the outlet key width. In an effort to identify
the range of the inlet-to-outlet width ratio (Wi /Wo) that produces the highest discharge efficiency (i.e., highest Cd values), five PK weir
geometries with different Wi /Wo values [1.75 (PK1.75), 1.5 (PK1.5), 1.25 (PK1.25), 1.0 (PK1.0), 0.67 (PKO0.67)] were tested; the test results
are presented in Figure (3) with Cd as a function of Ht /P.
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Figure 3. The effect of the inlet-to-outlet key width ratio on the discharge coefficient

The data in Figure (3) show that Wi/Wo =1.5 (PK1.5) produced the highest discharge efficiency (i.e., largest Cd values), By increasing the
Wi/Wo, the discharge coefficient has increased, and then it becomes maximum at Wi/Wo=1.5. The influence of Wi/Wo on the discharge
efficiency of the PK weir can likely be explained, in part, as follows. As inlet key widths increase relative to the outlet key widths, the inlet
key entrance loss associated with the flow contraction at the key inlet decreases due to an increase in the inlet key area. Based on the
assumption that Wi + Wo = constant, the outlet key width decreases as the inlet key width increases. As the outlet key widths decrease, the
ability of the outlet keys to handle the discharge capacity of the more efficient inlet keys decreases. When the free-flow capacity of the outlet
key is exceeded, a localized submergence condition develops.

4. Conclusions
In this research, the simulation of the flow over piano key and labyrinth weir was done using a numerical model. The results showed that for a

fixed depth, the piano key weir passes more discharge than the labyrinth weir, and the ratio of flow through the piano key weir to the labyrinth
weir is about 1.08. In other words, at a constant depth, the piano key weir passes 8% more flow. In this research, the effect of head energy on
the discharge coefficient of the piano key weir was also investigated. The results show that increasing the He/P decreases the discharge
coefficient. The results showed that if the Wi/Wo equal to 1.5, the highest discharge coefficient occurs for the piano key weir.
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ABSTRACT

Knowing about the soil flow mechanisms around the foundation of the spudcan that are subjected to continuous large penetration and also
estimating the probability and severity of a sudden spudcan penetration are very important issues. In the present research, a numerical study
was carried out to investigate the bearing capacity of the spudcan foundation of the offshore jackup structure in soil, with a two-layer system
of sand on clay, using the Lagrangian-Eulerian couple method (CEL). In this research, the effect of characteristics of sand and clay layers,
including relative density (ID) and thickness of sand layer, shear strength at the boundary of two layers (suo), gradient of shear strength of clay
layer on bearing capacity and punch rupture phenomenon are studied. In this research, the Mohr-Columb model was used to model the
behavior of sandy and clay soils. The results of the research show that the parameters related to geotechnical characteristics, including the
shear strength of the clay layer, the shear resistance gradient, the relative density of the sand layer, and the thickness of the sand layer have a
direct relationship with the bearing strength of the spudcan foundation. So that with the increase of each of these characteristics, the bearing
resistance also increases. The results obtained for changing the thickness of the sand layer (6, 7 and 8 meters) show the values of 263, 307 and
346 kpa for peak of bearing capacity. Also for the shear resistance at the border of two layers 11, 15. 20 kPa values of 307, 347 and 390 kPa
have been obtained. For the values of relative density of sandy soil from 20 to 60%, the peak bearing capacity is calculated as 328, 343 and
367 kilopascals

Keywords: spud can, Lagrangian-Eulerian couple, Abaqus soft ware, punch, relative density
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1.Introduction

Self-elevating offshore platforms or jack-ups are one of the most common types of offshore platforms that are built for oil and gas extraction.
According to the investigations, one third of the accidents that happened to jackups are related to their foundation, and more than 53% of the
accidents related to the jackup foundation are related to punch penetration type, which sometimes leads to the buckling of the foundations.
Nowadays, it is customary to use spudcan as the foundation of the jackup drilling platform. A rapid penetration (punch penetration rupture)
during operation, in special geotechnical conditions where a strong soil layer is placed on a weak layer, so that the spudcan foot punches a
mass of soil from the strong layer into the weak layer. it happens Hence, when a spudcan is penetrating a layered soil of sand over clay. It is
necessary to have sufficient information about the soil rupture mechanisms under the spudcan in order to predict the performance of the
spudcan. Therefore, simplified conceptual models such as the projected area method, the punch cut method, Teh model 2007, Lee model 2013,
and Hu model 2014, in order to estimate the bearing capacity of a spudcan infiltrating sand layered soil on clay, have been developed (Dier et
al. 2004, Drescher et al. 1993, Gao et al. 2012, Gerwick 1970, Hansen et al. 1970).

2.Methodology

Nowadays, numerical methods can be a good tool to estimate the bearing capacity of Spadcan foundation. However, the simulation of the deep
penetration process of a Spadcan foundation in the seabed is difficult due to the numerical convergence problem caused by 1) distortion of
meshes due to severe deformation, 2) nonlinear materials due to complex soil behavior, 3) nonlinear boundary conditions including contact
Friction requires the use of techniques that can overcome these problems. For this purpose, in this research, numerical simulation has been
performed using the coupled Eulerian-Lagrangian (CEL) method. Soil is considered as the Eulerian part and Spudken is considered as the
Lagrangian part of the CEL technique. It should be noted that several problems were analyzed by Gio et al. 2011 .in order to measure the
accuracy of the CEL method, and the results show the ability of this method to solve numerical problems involving large deformations that can
be achieved using classical finite element methods. It did not give them acceptance (Hu et al. 2014). Abaqus software was used in order to
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carry out this research. This software is a set of very capable modeling programs, based on the finite element method, capable of solving
problems from a simple linear analysis to the most complex nonlinear modeling. This software has a very wide set of elements that any type of
geometry can be modeled virtually by these elements. It also has a lot of engineering material models that can be used to model all kinds of
materials with different properties and behaviors such as metals, rubbers, polymers, composites, reinforced concrete, spring foams and also
breakable materials as well as materials in the ground such as soil and stone. Considering that Abaqus is a general and extensive modeling
tool, its use is not limited to the mechanical analysis of solids and structures (stress-displacement). By using this software, various issues such
as heat transfer, mass penetration, thermal analysis of electrical components, acoustics, soil mechanics and piezoelectricity can be studied. The
soil geometry was modeled in a three-dimensional Eulerian domain by means of linear hexahedral elements of the EC3D8R type. Each
Eulerian element has 8 nodes and it allows to have several Eulerian elements at the same time. It should be noted that until now there is no
two-dimensional element in Abaqus for the Eulerian method. Due to the geometric symmetry of the model and to reduce the calculation time,
only a quarter of the entire model was modeled in the 3D analysis. Also, a layer with a low height and empty of material is taken on top of the
sand layer so that a volume of soil around the spudcan, which flows upwards during infiltration, enters into the empty layer.

3.Results and discussion

The results of the research show that the parameters related to geotechnical characteristics, including the shear strength of the clay layer, the
shear resistance gradient, the relative density of the sand layer, and the thickness of the sand layer have a direct relationship with the bearing
strength of the Spadcan foundation. So that with the increase of each of these characteristics, the bearing resistance also increases. The
obtained results showed that by increasing the thickness (Hs) and relative density (ID) of the sand layer, the load bearing capacity of the
pispodken (g) and the volume of the transferred sandy soil mass (the height of the soil mass (hplug) and the width of the soil mass) (bplug)
increases, so that with the increase of Hs from 6 m to 8 m, the value of gpeax increases from 263 kPa to 346 kPa, the value of hplug from 6.52 m
to 8.26 m and the value of bpg from 6.6 m to 6.9 m and with The increase of ID from 20% to 60% increases the qpea value from 328 kPa to
367 kPa, the hplug value from 6.85 m to 7.14 m, and the b4 value from 5.7 m to 6 m. Also, the investigation of the effects of shear resistance
(su0) and shear resistance gradient (p) of the clay layer shows their direct relationship with the bearing capacity and the reverse relationship
with the volume of the transferred soil mass, so that with the increase of su0 from 11 kPa to 20 kPa, the value of gpeak from 307 kPa to 390
kPa, the value of hplug from 7.41 m to 7.14 m and the value of bplug from 6.9 m to 6.6 m, and with the increase of p from 1 kPa/m to 2
kPa/m, the value of gpeac from 314 kPa At 352 kPa, the value of hplug goes from 7.14 m to 6.9 m and the value of b,y goes from 6 mto 5.7 m.

4.Conclusions

The results of this research can be summarized as follows:

Parameters related to geotechnical characteristics, including shear resistance of clay layer, gradient of shear resistance, relative density of sand
layer, thickness of sand layer have a direct relationship with the load bearing strength of the foundation. So that with the increase of each of
these characteristics, the bearing resistance also increases. The severity and risk of punch breakage increases with the increase in the thickness
of the sand layer and the decrease in the shear strength of the clay layer. The soil rupture pattern under the infiltrating spudcan foundation
changes with respect to the depth, such that at surface depths, the rupture has two components, shear along the almost vertical shear plane in
the sand layer and local shear rupture in the clay layer.
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ABSTRACT

Considering the effect of uncertainty of random geotechnical variables, the slope stability analysis of the earthen side wall of the river were
carried out in the current study taking into account the correlation between the internal friction angle and the cohesion of the soil using
copulas. Additionally, the changes of water level in the river and the effect of different limit equilibrium methods on the slope stability
analysis were investigated in a case study at four corss-sections of Shalmanrood in Guilan province of Iran. In this regard, a computer program
was developed in MATLAB. The results showed that Frank copula and the Morgenstern-Price limit equilibrium method are appropriate for
determining the probability distributions of the safety factor of the river wall. The factors of safety obtained from different limit equilibrium
methods showed that the normal distribution function has a better fit to the results compared to the GEV distribution function. Decreasing the
water level in the river, the value of safety factor decreases and the highest rate of decrease in the safety factor occurs when the water level
declines by 20 percent from the maximum level. The rate of decrease in the safety factor diminishes as the water level drawdown changes
from 20 to 40 percent.
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1. Introduction

Stability analysis of earthen slopes has many applications in civil engineering among which the stability of earthen sloping walls of roads, the
side walls of rivers, and the earthen dams are important. The earthen sloping walls of rivers are usually subjected to instability and failure
caused by various factors such as floods, changes in the river water level, and hydrostatic and hydrodynamic forces. Among the mentioned
factors, the change in the water level of the river has shown a significant effect on the seepage, the increased pore water pressure, and the
instability of the side wall of the river. So, the increase in pore water pressure is considered as an important factor for the beginning of failure
in earthen slopes (Wu et al., 2021). In investigating the stability of the earthen slopes of the rivers, the role of hydraulic and geotechnical
variables as the factors of creating uncertainty in analyzes and their correlations are important from the viewpoint of increasing accuracy and
reducing uncertainty in the obtained results, which is considered in the current study.

2. Methodology

The uncertainty and correlation of the random soil properties including the internal friction angle and the cohesion of the river sloping wall
were investigated at four cross-sections of Shalmanrood river in Guilan province of Iran. To this end, a computer code was developed in
MATLAB and five copula functions were applied to the soil properties and the calculated correlations and distributions were compared using
Akaike and Bayesian information criteria to determine the best copula. Then in GeoStudio software, using three limit equilibrium methods
including Bishop, Spencer and Morgenstern-Price, the slope stability was approximated. The distributions of factor of safety were obtained for
three scenarios of water level including the maximum observed level and the water level decline by 20 and 40 %.

3. Results and discussion
For the maximum water level in the river cross-section 1 (on behalf of the four studied section), the distribution of factor of safety was shown
in the Figures (1) and is obtained in the range of 1.4-3.6 using the limit equilibrium method.
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Figure 1. Distribution of the factor of safety for maximum water level in river section 1

By decreasing the water level by 20%, the factor of safety changes to 1.2-1.9 (Figure 2) and declining the water level by 40%, the range is
obtained 1.06-2.8 (Figure 3).
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Figure 2. Distribution of the factor of safety for water level decline by 20% in river section 1
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Figure 3. Distribution of the factor of safety for water level decline by 40% in river section 1




The same trends of decreasing the factor of safety by the water level decline in the river are observed in three other cross-sections. For the
maximum river water level in cross-section 1, the maximum error of normal and GEV distributions were obtained equal to 7.8 and 11.4%,
respectively. In addition, the error of normal and GEV distributions for water level decline by 20% werel3.4% and 13.6% respectively.
Finally, the error of 9% and 14.5% were obtained for the water level decline by 40% for the normal and GEV, respectively. It is observed that
normal distribution offers better performance for all water levels and the errors of both distributions increase with water level decline. This
trend is also observed in the all studied cross-sections.

4. Conclusions

The performance of the Morgenstern-Price method compared to other limit equilibrium methods is not affected by the variations of the water
level in the river and always offers acceptable results. Three limit equilibrium methods used (Bishop, Spencer, and Morgenstern-Price) provide
similar results at lower values of the factor of safety (with lower cumulative probability, CDF). Frank copula is the best function to model the
correlation of random variables affecting the studied sloping walls of the river. The highest rate of change in factor of safety is observed for the
water level decline by 20%.
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ABSTRACT

The present study was carried out to determine the discharge coefficient of a combined structure of a semi-circular-rectangular weir and a
sliding gate in a rectangular laboratory flume with a width of 0.3, a length of 10 and height of meters. The experiments were carried out in two
conditions: one with a constant gate opening and varying flow rates, and the other with varying gate openings and constant flow rates, at slopes
of 0.002 and 0.004. At the end, the discharge coefficient is obtained with the existing relations. Furthermore, using Buckingham theory, a
general relationship was developed to investigate the effect of various dimensionless parameters on the flow coefficient The results of the
experiments show that the discharge coefficient first decreases and then increases with the increase of the Y/D parameter. Also, no significant
changes have been made in the discharge coefficient by changing the slope of the floor. And with the reduction of the Hg/D parameter, the
discharge coefficient is almost fixed and tends to a constant number of 0.74. The comparison of the results of the present study with those of
other similar researches indicates a consistency in the findings.
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1.Introduction

The overflow structure is used to organize and control the water level in open canals and relaxation ponds. Composite sharp edge overflows
are designed in different ways and are made up of several openings in such a way that when there is a shortage of water, The flow only passes
through the main section of the spillway and more discharge is created on it, and during the flood, with the increase of the discharge, the upper
section also starts working, and as a result, it prevents the return of water and the increase of the water level upstream of the spillway. In this
situation, the measurement is done with more accuracy (Boss, 1988). Due to the ability to control the water level and the ease of construction
and measurement of flow intensity, sharp edge spillways and sliding gates have been widely investigated. On the other hand, most of the
overflows in their upstream cause the formation of a region with relatively still water, which creates favorable conditions for sediments and
waste materials to settle in the water, which is considered one of the defects of this structure. With the combination of overflow and gate, the
difficulties and disadvantages of using each one alone can be reduced so that materials with sedimentation properties are easily emptied from
the gate part and mineral and floating materials are emptied from the overflow (Negm et al, 2002).

2.Methodology

The experiments of this research were carried out in the hydraulic laboratory channel of the Faculty of Agriculture of Birjand University. The
channel used in this experiment has a rectangular cross section with a width of 0.3 meters, a length of 10 meters, a height of 0.5 meters and a
maximum flow rate of 30 liters per second. The current research was carried out in the form of establishing flow with constant opening of the
gate and different flow rates, as well as establishing flow with opening of different gates and constant flow rate in two slopes of 0.004 and
0.002 to determine the flow coefficient.

In order to carry out the present experiment, a semi-circular-rectangular overflow structure and a sliding gate is made of galvanized sheet and
installed in the test section. Figure (1) shows a simple schematic of the combined flow measurement structure. The characteristcs of semi-
circular-rectangular overflow and sliding gate are as follows.

Overall height (H): 30 cm

Overall width (B): 30 cm

Length of rectangular overflow crown (Wrw): 19.7 cm

Semicircular overflow diameter (d): 10 cm

Rectangular overflow height (Hrw): 10 cm

The height of the semi-circular overflow (radius) (Hcw): 5 cm

Maximum gate opening (Hg): 5.7 cm
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Gate width (Wg): 14.7 cm
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Figure 1. A simple schematic of the composite structure and geometric parameters

2.1. Dimensional analysis
By including all effective parameters and dimensional analysis by Buckingham’s method and considering p, v and y as repeated variables, the
general equation of dimensionless parameters is obtained as follows after simplification.

He ¥ brw hew
(35555 Fres) @)
In the present study, dimensionless parameters Hg/D, y/D and S were investigated.

3.Results and discussion

According to the collected data and the hydraulic and geometrical parameters of the structure, the discharge coefficient of the structure was
investigated. The flow coefficient of the combined structure was calculated in two states of constant gate and different flow rates, and constant
flow rate and different gates.

Also, in order to control some of the experiments, the discharge coefficient of the combined structure was investigated in two slopes of 0.004
and 0.002. In all these researches, the discharge coefficient of the combined structure was between 0.6 and 0.8.

4.Conclusion

The test results show that the discharge coefficient depends on whether the gate is submerged or not and the height of the upstream water.
Also, the flow coefficient in the conditions of water passing through the gate decreases with the increase of Y/D parameter, and the flow
coefficient increases with the increase of Y/D when water passes through the gateand semi-circular-rectangular overflow. By changing the
slope of the floor, the discharge coefficient has not changed significantly and with the decrease of Hg/D, the discharge coefficient is almost
fixed and tends to a constant number of 0.74.
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ABSTRACT

The lack of pressure causes some subscribers in water distribution networks to not be able to receive the required water. Alternate delivery of
water can be used in existing networks to solve the problem. In this research, water delivery for 6 districts of TazeAbad water distribution
network was optimized in 12, 8 and 6 hours with the aim of providing the required water and high distribution uniformity by using single-
objective and double-objective coordinated search algorithm. In the hydraulic model, the pressure-based hydraulic analysis method and the
transmitter method were used to determine the flow rate of the nodes and the results were compared. In different scenarios, the possibility of
delivering water in 4, 3 and 2 times was checked.

In all scenarios, the percentage of water supply using the emitter method is more than the pressure-based method, but the distribution
uniformity is less. Hydraulic analysis using the emitter method showed an increase in water extraction during delivery hours, which is
consistent with the field data of other researches. In TazeAbad network, if water is delivered in 2 shifts, the maximum flow rate in the network
is more than the maximum flow rate of the existing conditions of the network. But if water is delivered in 3 and 4 times, the maximum flow
rate will be closer to the maximum flow rate of the network. But the percentage of supply will decrease, in other words, the subscribers will
receive less water. The results of measuring the amount of water consumed by Fan et al. in 225 Chinese villages also showed that the amount
of water consumed will decrease significantly with the reduction of water delivery hours.

In TazeAbad network, water delivery in 8 hours was chosen as the best option. In this case, the ratio of supplied water to required water will be
around 70% and the uniformity of distribution will be around 87%. Also, the maximum flow rate in the water distribution network is almost
equal to the maximum flow rate in the current conditions.

Keywords: Intermittent supply, water distribution network, Consumption Pattern, Harmony Search, Emitter method.
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1.Introduction

Climate change and population increase have caused an increase in consumption in the existing water distribution networks, as a result, an
increase in the discharge in the pipes and a decrease in the pressure in the nodes. The decrease in pressure makes some consumers unable to
receive the required water. To solve this problem, long-term and short-term solutions have been proposed. Replacing pipes with pipes with a
larger diameter is one of the solutions. But it requires considerable time and money. Intermittent supply of water can be used in existing
networks to solve the problem. Bozorg-Haddad and et al (2016) With the aim of maximizing water supply resilience and mechanical
reliability, multi-objective optimization of alternate water delivery in urban water distribution networks was carried out using the HBMO
algorithm and the Epanet simulator model using the demand-based analysis method for two water distribution networks. Their results showed
that consumer welfare may be in conflict with the objective of mechanical reliability.

TazeAbad network has a large pressure drop during peak hours. The reason for this is the low diameter of the main pipes, which cause a large
drop in the pressure as the consumption increases and the discharge increases. In this study, in order to improve justice and increase water
supply in this network, optimal intermittent supply of water was done for 6 areas of this network.

2.Methodology

The Intermittent supply of water is usually done based on pressure-based hydraulic analysis. In case, the consumers will also store the needs of
other hours. In other words, the consumption pattern in continuous supply cannot be used for Intermittent supply. In this research, the Emitter
method is used for the hydraulic analysis of the network. In this hydraulic analysis, the amount of water delivered to the node is a function of
pressure.

Intermittent supply for 6 areas of the water distribution network of TazeAbad city was optimized in 12, 8 and 6 hours with the aim of
supplying the required water and high two-objective by using single-objective and two-objective Harmony Search algorithm. In the hydraulic
model, the pressure-based hydraulic analysis method and the Emitter method were used to determine the discharge of the nodes and the results
were compared. In different scenarios, the possibility of supplying water in 4, 3 and 2 time intervals was investigated.
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3. Results and discussion

In all scenarios, the results of pressure-based hydraulic analysis method are located in all areas of Tazehabad city during peak hours. In this
method, despite the high distribution uniformity coefficient, the amount of water delivered to consumers is less than their needs in the hour of
supply. At present, in TazeAbad distribution network, consumers receive more water at the existing pressures than the pressure-based method.

In the Emitter method, in all scenarios, the distribution uniformity is lower than the pressure-based method. But in this method, the supply
percentage is much higher. So that more than 95% of customers' demands have been met in 12-hour supply.

By reducing the water supply time, the percentage of supply has decreased in both methods. In the single-objective algorithm, the ratio of
supplied water to the required water is more than the double-objective algorithm. But the uniformity of the distribution has increased in the
double-objective algorithm. In all scenarios, water delivery in the pressure-based method was in one time interval for all areas, but in the
Emitter method, water was usually delivered in 2 time intervals.

In TazeAbad network, if water is supplied in 2 shifts, the maximum discharge in the network is more than the maximum discharge of the
existing conditions of the network. But if water is supplied in 3 and 4 time intervals, the maximum discharge will be closer to the maximum
discharge of the network. The difference between the maximum and minimum network discharges in the two-objective algorithm was lower
than the single-objective algorithm. The supply of water in 4 time intervals has had the least changes in discharge and consumption
coefficients.

4.Conclusions

According to the scenarios reviewed in TazeAbad network, water supply in 8 hours was chosen as the best option. In this case, the ratio of
supplied water to required water will be around 70% and the uniformity of distribution will be around 87%. The maximum discharge in the
water distribution network is almost equal to the maximum discharge in the current conditions. Also, the range of discharge changes and
consumption coefficients is lower than the current conditions. In other words, pressure changes in the network will be less than the current
conditions.
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ABSTRACT

Evapotranspiration is one of the key components of water balance and irrigation planning. Thus, the accurate estimation of this component and
the water consumption of plants can improve the management of water use and increase the efficiency of water consumption. Due to the
limitation of tools for measuring evaporation-transpiration, remote sensing methods can be used for this purpose. In this paper, the triangular
algorithm was used to estimate evapotranspiration in the Kerman Plain in the growing seasons of 2020 (1399) and 2021 (1400). The results of
this method were presented as the spatial distribution map of Evapotranspiration. To validate the results of the algorithm, the actual
evapotranspiration obtained using the triangular method for a pistachio orchard, which was under irrigation management, was compared to the
values obtained by the FAO-56 method. The results showed that the amount of evapotranspiration for pistachio was estimated with acceptable
accuracy (r= 0.73 and RMSE=1.8, ME=-1.6, nRMSE=0.4). However, the NSE less than zero (-1.3) shows that the observed (FAO-56) mean is
a better predictor than the Triangle algorithm. The values obtained from the triangular algorithm were lower than the values of FAO 56, which
could be due to the uncertainty of the algorithm, uncertainty in the measured data, or due to the time difference between the date of the
selected images and the date of irrigation.
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1. Introduction

Evapotranspiration is one of the key components of water balance and irrigation planning. Thus, the accurate estimation of this component and
the water consumption of plants can improve the management of water use and increase the efficiency of water consumption. Due to the
limitation of tools for measuring evaporation-transpiration, remote sensing methods can be used for this purpose. There are several remote
sensing algorithms for actual evaporation estimation including SEBAL, SEBS, Metric, etc. In this study we used the triangle method which
only was used by Salimifard et al. (2022) in Mashhad Plain. They evaluated the results for the agricultural products, i.e., wheat and maize. The
aim of this study is to evaluate the triangle method for a horticultural crop, i.e., pistachio in Kerman Plain.

2. Methodology

The study area is Kerman Plain in which pistachio is one of the most important agricultural products. Due to water scarcity in this plain,
determining the water requirement of the crops is crucial for agricultural activities. Accordingly, it is important to have an appropriate
estimation of actual evapotranspiration in the plain. In this paper, the triangular algorithm was used to estimate actual evapotranspiration in the
Kerman Plain in the growing seasons of 2020 (1399) and 2021 (1400). For this purpose, the Landsat 8 satellite images with less than 10%
cloudiness were used. The variables such as NDVI, LST, etc., were calculated by using the JAVA programming language in the Google Earth
Engine code (GEE) system environment. The required meteorological data of Kerman station were acquired from IRIMO. The triangular
algorithm is based on the two-dimensional spatial plot of normalized LST and normalized NDVI, which were calculated using bands 10, 5,
and 4 of the Landsat 8 in the GEE. Estimation of the wet and dry edges was conducted by MATLAB code. the actual evapotranspiration
obtained using the triangular method for a pistachio orchard, which was under irrigation management, was compared to the values obtained by
the FAO-56 method. The results were evaluated by correlation coefficient (r), Root Mean Square Error (RMSE), and Mean Error (ME).

3. Results and discussion
The results showed that the amount of evapotranspiration for pistachio was estimated with acceptable accuracy (r= 0.73 and RMSE=1.8,
NRMSE=0.4, ME=-1.6). However, the NSE less than zero (-1.3) shows that the observed (FAO-56) mean is a better predictor than the Triangle
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algorithm. The values obtained from the triangular algorithm were lower than the values of FAO 56, which was in line with the results of the
previous studies for both Agricultural and horticultural crops. This underestimation could be due to the uncertainty of the algorithm,
uncertainty in the measured data, or due to the time difference between the date of the selected images and the date of irrigation. Moreover,
inappropriate quality of water and soil in Kerman Plain and the uncertainty of plant coefficients used are among the factors that can
underestimate evapotranspiration values by the algorithm.

4. Conclusions

In this study, the triangular algorithm was used to estimate actual evapotranspiration in Kerman plain using remote sensing data. Actual
evapotranspiration values obtained from the triangular algorithm were lower than FAO 56 values, which might be due to the uncertainty of the
algorithm, uncertainty in the measured data, uncertainty of plant coefficients, or due to the time difference between the date of the selected
images and the date of irrigation. To have a better evaluation of the remote sensing algorithms, it can be suggested to develop and apply a
micro lysimeter in the farms and orchards, or to use the soil water balance of the farms and orchards. These may help to choose the more
appropriate algorithm for the given study area, leading to providing the more proper and applicable advices for the farmers for managing the
shortage of the water resources. Furthermore, it may help to update the crop coefficients which may lead to better estimation of
evapotranspiration.
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ABSTRACT

One of the challenges of sustainable agricultural development is the proper use of water resources and other agricultural inputs to increase
productivity. One of the solutions to this problem is the use of modern irrigation systems. The aim of this study was to evaluate the water and
energy use productivity indices of potato production in Dehgolan plain, Kurdistan province. In this research, 19 farms were randomly selected
with a total area of 177 hectares. The farms were classified into three groups: CE (solid set sprinkler irrigation system with mobile sprinkler
and electric power source), CD (solid set sprinkler irrigation system with mobile sprinkler and diesel fuel power source), and WE (wheel move
sprinkler irrigation system with electric power source). The amount of water consumed by the farms was measured using an ultrasonic flow
meter. At the end of the irrigation season, the amount of electricity consumed by each farm was obtained from the regional electricity company
of the province. In farms that used diesel fuel for motor pumps, the monthly diesel consumption was recorded. The yield was also measured by
sampling method. The average water use productivity of the mentioned farms was 1.4, 3.5 and 1.4 kg/m?, respectively, and the energy use
productivity index was 0.4, 0.2 and 0.4 kg/MJ, respectively. The average energy efficiency index was 1.4, 0.7 and 1.4, respectively. The
average specific energy index was 2.7, 5.7 and 2.5 MJ/kg, respectively. In general, based on the studied indices, the status of CD farms is
unfavorable and their net energy input is negative.

Keywords: Energy Use Productivity, Inlet Energy, Potato, Sprinkler Irrigation, Water Use Productivity
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1.Introduction

Agriculture, while being a supplier of energy, is also its most important consumer. Agriculture is also the largest consumer of water. The
optimal use of the two main inputs of agriculture, namely water and energy resources, in the agricultural sector is one of the important
priorities of the country's water and agriculture industry (Ahmad & Khan, 2009). One of the most important programs for agricultural
development in the country should be to increase the productivity of water and energy consumption. So far, about 2.9 million hectares in Iran
have been covered by pressurized irrigation systems, which has led to an improvement in the water productivity index from 0.87 kg/m® in 2005
to 1.32 kg/m® in 2015, and the target is 1.6 kg/m® in 2025. The Dehgolan plain, with an area of 84,982 square kilometers, is located to the east
of the city of Sanandaj. The Dehgolan prohibited aquifer is the only source of agricultural water in the region. The solid set sprinkler irrigation
system is the most common irrigation system in the region, and in some areas, farmers also use the wheel-move sprinkler irrigation system. In
addition, due to the annual decline in the groundwater level, the energy consumption for pumping water has also increased; therefore, it seems
necessary to study the water productivity indices as well as the electricity consumption efficiency and the total energy consumption in the
mentioned plain. The main objective of this research is to evaluate the water and energy productivity indices of the important potato crop in
farmers' fields, with solid set sprinkler and wheel-move sprinkler irrigation systems. In addition, an attempt was made to study both electric
and diesel fuel sources.

2. Methodology
A study involving 19 farms with a combined area of 177 hectares investigated water and energy use in irrigation systems. The farms were
divided into three categories: solid set sprinkler systems with mobile sprinklers powered by electricity (CE), solid set sprinkler systems with
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mobile sprinklers powered by diesel fuel (CD), and wheel move sprinkler systems powered by electricity (WE). To measure flow rate, an
ultrasonic flow meter was used on each farm. Electricity consumption data was obtained from the regional electricity company at the
conclusion of the irrigation season. Farms using diesel-powered pumps had their monthly diesel consumption documented. The yield was also
measured by sampling method. other necessary and complementary information about the studied farms was collected from farmers, including
the amount of potato tuber planted in the farm, fertilizers used, pesticides used, required labor force, and agricultural machinery required in the
planting, cultivation, and harvesting stages. At last, to evaluate the productivity of the studied farms, the following indices were used:
electricity and energy consumption productivity, water productivity, energy efficiency, and specific energy.

3. Results and discussion

An analysis of various water and energy efficiency indicators revealed that farms using solid set sprinkler systems with mobile sprinklers
powered by diesel fuel (CD farms) performed the worst. These farms exhibited the lowest average water use productivity (1.4 kg/m3), energy
use productivity (0.2 kg/MJ), and energy efficiency (0.7), while having the highest average specific energy consumption (5.7 MJ/kg). This
suggests that CD farms have a negative net energy input, meaning they consume more energy than they produce.

4. Conclusions

This study evaluated water and energy use productivity indices for potato production in farmers' fields of Dehgolan plain, Kurdistan province,
Iran. The fields were classified into three groups: CE (solid set sprinkler irrigation system with electric power source), CD (solid set sprinkler
irrigation system with diesel fuel energy source), and WE (wheel move sprinkler irrigation system with electric power source). The average
energy consumption of CE, CD, and WE farms was 111413, 213931, and 118431 MJ/ha, respectively. The water use productivity indices of
CE and WE farms were equal and 17% higher than those of CD farms. The energy use efficiency and productivity of the mentioned farms
were also equal and twice those of CD farms. The net energy input of the mentioned farms was 41587, -75931, and 52569 MJ/ha, respectively.
In other words, the energy input from CD farms that use diesel engines is negative. In general, based on the studied indices, the status of farms
with solid set and wheel move sprinkler irrigation systems that use electric energy is acceptable compared to the national average. However, it
is necessary to prioritize the electrification of agricultural wells of farms that use diesel fuel in the country's planning programs.
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