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Figure (2): Flowchart of the calculation in this study
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Table (3): Values of genetic algorithm parameters used for optimal network design
(Alperovits & Shamir, 1977)
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Table (4): optimal calculated diameter by the present GA model and specifications of the optimized hydraulic
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Figure (8): System cost versus number of iterations - final cost $ 422,000
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Table (5): NSGA-II parameters values used for optimal network design(Alperovits & Shamir, 1977)
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Figure (11): Front of nondominated solutions
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Table (6): Optimal diameters calculated by the present NSGA-II model and hydraulic specifications of the
optimized system
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Table (7): Results of solving the two-loop network (Alperovits and Shamir 1977) by different researches (after:
Ekinci & Konak, 2009)

Fare

Silwdiats (09

(MM) age dg) yhad o3gusmo

Alperovits and Shamir 1977
Goulter et al. 1986
Kessler and Shamir 1989
Fujiawara and Khang 1990
Eiger et al.1994
Loganathan et al. 1995
Savic and Walters 1997
Sherali and Smith 1997
Sherali et al. 1998
Abebe and Solomatine 1998
Cunha and Sousa 1999
Todini 2000
Geem et al. 2002

Eusuff and Lansey 2003
Prasad and Park 2004
Ekinci and Konak 2009

Linear programming
Linear programming
Linear programming
Linear programming
Linear programming
Simulated annealing
Genetic algorithm
Linear programming
Linear programming
Genetic algorithm
Simulated annealing
Resilience index
Harmonic search
Shuffled frog leaping
algorithm
Genetic algorithm
Minimum head Loss
strategy

Yo Hl3») 4y 5o

Sl JrigRes
497.525 101.6 508.0
435.015 254 508.0
417.500 50.8 457.2
415.271 254 457.2
402.352 254 457.2
412,931 254 457.2
419.000 254 457.2
436.684 76.2 457.2
436.915 254 457.2
419.000 25.4 457.2
419.000 25.4 457.2
419.000 25.4 457.2
419.00 25.4 457.2
419.000 25.4 457.2
419.000 25.4 457.2
416.000 101.6 457.2
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Extended Abstract
Background and Objectives: Proper design of technical and hydraulic parameters plays an
essential role in the success of a pressurized irrigation or urban water distribution project and its

economy. Therefore, engineers should be able to select the best solution in different stages in

terms of design, construction, maintenance and operation according to the existing limitations
and make the necessary decisions.The ultimate objective of such decisions is to minimize costs
or maximize benefits by considering limitations.The objectives defined for each system may be
different but it is certain that in today's engineering world, one-sided objectives are never
defined.Today, meta-exploration optimization methods for the optimal design of irrigation and
water supply networks have been considered.lt is not possible to compare one-objective and

two-objective methods in appearance. But in the two-objective method, one of the objectives is

defined in such a way that it eventually goes to zero this comparison is possible.
Materials and Methods: Hence in the present study, the optimal design of a pressurized
network with one-objective binary genetic algorithm and two- objective NSGAII has been

done.Genetic algorithm is a method that evaluates different designs through trial and error with

analogy criteria and maintains the best designs and eventually achieves the proper design. Multi-
objective optimization is a sub-branch of the MCDM multi-criteria decision-making set that
takes place among an unlimited set of possible solutions. In such cases unlike single-objective
optimization problems, due to the existence of several conflicting goals, a set of answers is
obtained instead of just one answer. In order to compare the two methods in terms of accuracy of
results and speed of calculations the second objective function in NSGA-II was defined as the
sum of the pressure deficiencies in the network. Observance of minimum pressure constraints in
the network causes the value of this objective function to reach zero and the results of the two
methods are comparable. In order to analyze the network and obtain the pipe flow and pressure
in the system nodes, the matrix shape of the gradient method was used. Computer code was
developed for single-objective (GA) and multi-objective (NSGAII) optimization methods in VB
programming environment. Also, the simulation code according to the matrix shape of the
gradient method was prepared in this programming environment. Finally, All the codes were
linked to each other.

Result: In order to validate the NSGA-II developed cod, its ability to solve several constrained
and none- constrained multi-objective mathematical problems was proposed. The results showed
that there is a very good agreement between the results of the present model and the results
presented by previous researchers. In order to validate the genetic algorithm model, the model
was used to solve the linear and nonlinear constrained optimizations problems that have
analytical solutions. it has been shown that the results obtained from the model are exactly equal
to the results of analytical solutions. After verifying the prepared codes from a programming

\Y
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point of view, a proposed two-loop network consisting of 7 pipes and 8 nodes whit one earth
reservoir was designed with both GA and NSGA-II algorithms. The result showed, estimated
cost of implementing the studied network by tow method was the same and with a difference of
less than 1%, while the cost of calculations in NSGA-II method was estimated to be about 2% of
the genetic algorithm method. That is, the time to reach the optimal answer in NSGA-II method
is 50 times faster than GA method.

Conclusion: Given that the cost of calculations in the NSGA-II method is much lower than the
GA method, the use of this method to  optimal design of water presuurized network is
recommended, Provided that in this method the second objective function is defined in such a

way that if all the constraints are observed, its value will be close to zero. For this purpose, the
objective function of the sum of pressure deficiencies Was deemed appropriate.

Key words: Pressurized network design, genetic algorithm (GA), non-dominant sorting genetic
algorithm (NSGA-II)
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Table 1- Results of water sample analysis
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Fig. 2- Cumulative depth of evapotranspiration (Etc, Td) and water used for furrow and SDI system, Vineyard A.
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Fig. 3- Cumulative depth of evapotranspiration (Etc, Td) and water used for furrow and SDI system, Vineyard B.
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Fig. 4- Length of Grape phenological stages in treatments (T1, T2, C1 and C2), day.
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Table 3. Analysis of variance yield, water productivity and some physiological traits of grape
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Vineyard A
349" 554* 264.9" 62976 181476 52.56™ 1 Cultivar
8.2" 57 50.05™% 11119.7* 676" 7.56™3 1 Irrigation system
2.2 22.3" 0.856™% 526.7" 1ns 76.56™ 1 CultivarxIrrigation
0.21™s 3.43"8 0.61™% 1082.2™5  2419..2"8 4.56" 3 Repeat
0.2 31 13.26 518 1356.8 25 9 Error
Vineyard B
20.8™ 382.5" 312.4* 39750.4™ 201152.2* 33.17 1 Cultivar
7.85" 178.96** 3.33n8 70.1™s 12.25"$ 189.1** 1 Irrigation system
1.91" 41.3" 5.64"5 28.9ns 484" 0.56™ 1 CultivarxIrrigation
0.07™s 1.46"S 7ns 736.175 3591 2.73Ms 3 Repeat
0.3 5.65 9.58 321.84 1025.7 4.23 9 Error
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Table 4. Mean comparison of the effects of irrigation, cultivar and plantation on yield, WP and grapes physiological

traits
Srao ol Gygore P L ooy e ds slas s bt sl
. 30 ddgs olaxs
(oS0 yio y pSskss) 2O (o gilw) 55)) abgs o Ol pd’ 2ol
Water productivity (s Lengthof  Weight of Num of » Sources of
of used water Yield cluster 100 berry berry in Num of cluster changes
(kg/m3) tonha)  (cm) (@) cluster nree
AgL o5,
Vineyard A Cultivar
6.152 24.572 252 156.4° 2612 20° soltani
3.2b 12.8° 16° 281.92 48b 242 fakhri
G)Lﬁ] oty
Irrigation system
5.393 20.63 22.73 245.52 1612 232 SDI
3.95P 16.8° 19.22 192.8P 14823 212 Furrow
B¢l o5,
Vineyard B Cultivar
4,132 17.72 23.752 143.8P 2462 202 soltani
1.85P 7.9b 15P 243.52 22P 18P fakhri
6)':*.‘.—‘ 95
Irrigation system
2.3P 9.43P 202 191.62 13323 16 SDI
3.73 16.12 192 195.73 13523 222 Furrow

Means within a column followed by the same letter are not significantly different (p<0.05)
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Table 5. Mean comparison of Interactions between irrigation system, cultivar and cultivation type on yield, WP and
grapes physiological traits

T e T VS AR VR e SES N
» § 29 o c y . ks
(e e 2t £5755) > (o) (5 9> ©9 9 Sources of changes
ivi (s .
Water productivity of ) Length of Weight of Num of Num of
used water Yield cluster 100 berry berry in cluster in
(kg/m3) cm r cluster tree
(ton/ha) g
AgL w5 Sk
Vineyard A Cultivar Irrigation
7.232 27.642 Y72 188.5¢ 2672 232b Sultani SDI
5.06" 21.5P 232b 124.34 2553 17¢ Sultani Furrow
3.54¢ 13.51¢ 18.4b¢ 302.52 55P 22b Fakhri SDI
2.85¢ 12.1¢ 15.3¢ 261.2° 41° 253 Fakhri Furrow
BEL o) Sk
Vineyard B Cultivar Irrigation
3.08° 12.7° 24.82 140 2513 17° Sultani SDI
5.172 22.62 22.72 147 2423 243 Sultani Furrow
1.5¢ 6.15¢ 14.8° 2432 16° 14b Fakhri SDI
2.2¢ 9.62b¢ \5P 2443 28P 213 Fakhri Furrow

Means within a column followed by the same letter are not significantly different (p<0.05)
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Figure 5. Lateral profile of moisture distribution and plant root position.
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Table 6. Soil volumetric moisture content (%) at different distances from irrigation pipe 12h after irrigation

. & . ".LM ‘ ‘53) H‘:Ju v ‘}o.c
Ay (69 yio ilw Yoo iy 50 cm 40 cm 30 15cm (oo giilw)
100 cm (on the stack) 70 cm (on the ¢

stack) Depth(cm)
12 14.6 20.5 20.2 25 25.5 0-30
14.1 15.5 18.4 23.4 23.6 29 30-60
15.2 15.8 17.3 17.5 18.4 29 60-90
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Extended Abstract

Introduction

Grapes are planted throughout the world and are used to produce dried fruit (raisins), grapes for
fresh market (table grapes) and juice. Development of effective methods to improve water
productivity in Agriculture is necessary due to the shortage of water resources. Water
productivity is a momentous index to assess water saving and to gain more turnover for each
unit of water used. Improving water productivity in irrigated agriculture decreases the demand
for additional water sources and is thus a solution to the shortage of water resources. One of the
efficient methods to improve water productivity is to use micro irrigation systems, which may
help to reduce water used to increase yield. Subsurface drip irrigation (SDI) has been used in
various countries for over 30 years especially in the regions encountering water scarcity. The
results of the implementation of this method were identified in terms of increasing vyield,
reducing applied water, fertilizer and weed control costs, improve crop quality and water
productivity. This study was conducted with the aim of evaluation of water productivity of
grapes in two different plantation systems under SDI and furrow irrigation systems.

Methodology

In order to evaluate the effects of a Subsurface Drip Irrigation (SDI) on two varieties of
grapevine; Sultani and Fakhri, this experiment was carried out based on completely randomized
design with three replications during 2019 growing season in two vineyards with Bowed trellis
(A) and Creeping (B) plantation systems. In vineyard A, laterals of SDI system were installed 50
cm below the soil surface and 50 cm from the grapes rows and in vineyard B, 30 cm below the
soil surface and 60 cm from the grapes rows. lIrrigation water requirement was calculated by
P.M.E to meet full grapes water requirement using daily weather information data collected at
Malekan weather station. Irrigation management of the furrow irrigated rows in both vineyards
were controlled by the owner of the orchard. Except for the difference in irrigation, the
vineyard’s grown vines were established and treated similarly (row spacing, training, pest
control, canopy management, fertilization and pruning).

Result and Discussion

At the end of the growing season Water productivity, Yield and some physiological traits such
as: number of clusters in tree, berry weight, number of berries in cluster, length of cluster were
measured. Analysis of variance showed significant difference (at 1% level) between water
productivity of different irrigation methods in both vineyards. The SDI method in vineyard A
and furrow method in vineyard B had the highest water productivity (5.39 kg/m3 and 3.7 kg/m?3,
respectively). The comparison of interaction effects between irrigation methods and cultivars in
vineyard A showed that the water productivity of Sultani variety under SDI irrigation (7.23
kg/m3) was higher than other treatments and in vineyard B water productivity of Sultani variety
under furrow method (5.17 kg/m3) was higher than other treatments. SDI treatment in vineyard
B, which was previously furrow irrigated and therefor roots had spreaded out into a larger
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volume of soil than that wetted by the SDI system, wasn’t capable to adequately supply Crop
water requirement which manifested in crop yield reduction.

Conclusions

The SDI system in Bowed trellis plantation was able to adequately replenish Crop water
requirement which enhanced crop vyield. Implementation of the SDI system in vineyard A
increased yield (28.4% in soltani variety and 32.4% in fakhri variety) and water productivity
(42% in soltani variety and 47% in fakhri variety). Studies indicate that in Creeping plantation
due to lack of proper distribution of moisture in the root zone, needs further investigation. In
order to increase yield and water productivity of vineyards with bowed trellis systems, the
installation of SDI system is recommended.

Keywords: Fakhri variety, Micro irrigation, Sultani variety, Yield
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Table 2: Turnouts’ required discharge located along the Aghili canal
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Table 3: Delivery indicators of scenario no. 0 for 60%, 80% and full discharge
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Table 4: Delivery indicators of scenario no. 1 for 20%, & 40% shortage
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Table 7: Delivery indicators of scenario no. 2 for 20%, & 40% shortage
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Table 7: Delivery indicators of scenario no. 3 for 20%, & 40% shortage
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Table 7: Adequacy and efficiency indicators of scenario no. 4 under 20%, 40% shortage
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Introduction

The experience of irrigation networks in recent years shows that traditional operation
methods are not able to implement proper water delivery in water scarce periods and enhancing
is unavoidable. In many cases, delivered water does not match water requirement, and it causes
decreasing water productivity and farmer’s dissatisfaction. (Sadeghi and Monem, 2014)

Irrigation delivery under these conditions is a complex process. Optimization techniques
have limitations in the above situations (Santhi and Pundarikanthan., 1999)

Monem et al. showed that using hydrodynamic model and unsteady flow analysis is a
suitable approach to determine appropriate operation, and performance improvement of
irrigation networks under harsh circumstances. (Monem, et al., 2005)

In this paper, the main goal is improving the operational distribution management in
irrigation networks in water scarce situation. At the first step, the water delivery and distribution
status in Eastern Aghili secondary canal is evaluated for full discharge, 20% and 40% water
scarce situation (as scenario 0). At the second step, four management scenarios have been
defined, and are simulated to manage water scarcity.

Methodology

Aghili Irrigation Network is located in Gotvand irrigation area in Khuzestan. In present
study, the East Aghili secondary canal is selected. This canal is a concrete lined canal having
trapezoidal cross section with side slope of 1:1, and length of 16.215 km. The bed width of the
canal in the first half is 1.5 meters and for the second half is 1 meter. For clear presentation and
discussion of the results, the 9 km of the canal which has 13 outlets is simulated.

Simulations are done using ICSS hydrodynamic model. The ICSS model simulates steady
flow by solving gradually varied flow equations proposed by Henderson, and unsteady flow by
solving St.Venant equations proposed by Sterlekof. It can simulate different structures with the
wide range of operations.

Performance indicators proposed by Molden and Gates (1990) are used for evaluation of the
scenarios. Delivery efficiency, adequacy, and equity indicators, are calculated and discussed for
scenarios.

In this paper four scenarios are defined for three irrigation level of 100%, 80% and 60% of
the required discharge for 24 hour delivery period. The scenarios are:

1. The volume of water delivered to all outlets have been decreased proportionally to the
shortage of water at the head of canal. The operation of structures are done at the same time.
(Scenario 1)

2. The second scenario is defined by a Prioritization based on cultivation pattern. Outlets
number 3, 6, 8, 10, 11, are considered to have priority for water delivery. So, these outlets
receive full discharge, and water shortage is distributed to other outlets (Scenario 2)

3. In this scenario the outlets are divided into two groups, which in both groups, sum of the
required discharge is equal. In the first 12 hours the first group (outlet numbers 1 to 5) receive
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their full required discharge, and the second group receive decreased discharge proportional to
remaining water left in the canal. At the second 12 hours, the water distribution and
corresponding operation is done reversely. (Scenario 3)

4. In this scenario, also, the outlets are divided into two groups, which in both groups, sum of
the required discharge is equal. In the first 12 hours the first group (outlets number 1 to 5) are
closed, and water is delivered to the second group of outlets. At the second 12 hours, the water
delivery and corresponding operation is done reversely. (Scenario 4)

Results and Discussion

The result of zero scenario shows that under 20 percent water scarcity, the Adequacy Index is
less than 90% for five outlets, and 38% outlets have medium adequacy. The Equity Index is
0.07. For 40 percent water scarcity, 9 outlets (70%) have a medium and poor adequacy, and the
equity index is 0.13. This results show that in water scarce situation, not only the adequacy is
decreased, but also the equity of water distribution is harmed.

After the use of four defined scenarios, the results indicate acceptable improvement in all
scenarios, under both 20 % and 40 % water scarcity. Under 20% water scarcity the first scenario,
and for 40% water scarcity, the fourth scenario has the highest performance indices. For 20%
scarcity, the priority of the scenarios are, scenario no. 1, 4, 3, and 2. For 40% scarcity the
priorities are, scenario no. 4, 3, 2, and 1.

Conclusion

Water shortage without appropriate management actions, will cause poor performance not
only from adequacy point of view, but also from equity aspect. According to the results, all
proposed management actions, have acceptable effect in water delivery improvement under both
20% and 40% water scarcity with little differences. For selection of the scenarios in addition to
hydraulic performance, operational efforts and social acceptance of different scenarios should be
considered as well.

Keywords: Irrigation canals, Operational Management, Simulation, Water distribution,
Water scarcity.
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Figure 1. Schematic view of the flumes used in the present study
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Extended Abstract

Introductions

In the early 21st century, vertical screens downstream of small hydraulic structures were
proposed as energy dissipators by Rajaratham and Hurtig (2000). Extensive studies were then
performed on thickness, porosity, pore shape, flow angle, and multiple flow currents. The results
of these studies showed that the screen with 40% porosity and square hole shape creates the
highest energy dissipators.

Since the distance of the horizontal screen from the edge of the vertical drop can also affect the
hydraulic parameters and flow energy dissipation, so in the present study, for the first time, the
effect of the location of the horizontal screen from the vertical drop edge on hydraulic
parameters and vertical drop dissipation has been investigated and evaluated.

Methodology

A laboratory flume 5 m long, 0.3 m wide, and 0.45 m high with zero floor slope and two pumps
were used to perform the experiments of the present study.

The vertical inclinator at the beginning of the flume was made of glass with a height of 20 cm.
Screens made of polyethylene with the shape of circular holes with a diameter of one centimeter,
with the zigzag arrangement and two porosities of 40 and 50 percent were prepared and placed at
distances of 5, 10, and 15 cm from the edge of the drop, respectively. The flow upstream of the
drop was considered subcritical. In all laboratory models, the flow discharge was between 200
and 800 liters per minute and the downstream valve was considered fully open.

Results and Discussion

Laboratory observations

In all experiments and at a constant discharge, it was observed that with increasing distance of
the screen from the edge of the drop, climate interference is reduced. Also, for the case where
the distance of the screen from the edge of the Inclined was more than half of the height of the
drop (S = 15 cm), the screen acted as a flow attenuator and the whole length of the screen was
submerged by the current. The flow is transmitted downstream along the length of the screen
with short waves.

Wet length

Screens with 50% porosity have the lowest relative wetting length compared to 40% porosity.
Horizontal screens with 40% porosity increase the relative length of wetted plates by 30%
compared to 50% porosity. On the other hand, it was observed that in both porosities of the
screen, with increasing the relative critical depth to the location of the screen, the relative
wetting length of the plates increased.

Pool depth

It was observed that the depth of the pool increases with increasing relative distance of the
screen from the edge of the drop. In addition, by increasing the angle of impact of the jet planes
with the bed, the return flow to the inclined wall increases and increases the depth of the pool.
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Also, by comparing the depth values of the pool in two porosities and at a constant relative
distance, it is inferred that the porosity of the screen does not have a significant effect on the
depth of the pool.

The length of the turbulence

Due to the fact that the length of turbulence is a function of the relative wetting length of the
screen, so decreasing and increasing the wetting length of the screen is effective on the amount
of turbulence length created. Since the screen with 50% porosity and relative distance of 0.25
have the lowest wetting length of the plate and also screen with 40% porosity and relative
spacing of 0.5 has the highest relative wetting length, therefore the lowest and highest length
values Turbulence is specific to these two models. In general, for screen with 50% porosity,
increasing the screen distance from 0.25 to 0.5 increases the turbulence length by 14%. For a
40% mesh screen, increasing the relative screen distance increases by 10%.

Total energy dissipation

Based on the studies of previous researchers and the results of the present study, it can be found
that none of the parameters of orifice diameter, slope placement, screen, dual horizontal screen,
and distance of plate from the vertical edge of the drop has no effect on depreciation. It does not
exist and only increases or decreases climate interference.

Conclusions

The results showed that with increasing the relative distance of the inclined, the discharge, and
decreasing the porosity of the screen, the wetting length and the turbulence length of the screen
increase. In addition, in examining the depth of the pool, the results showed that increasing the
relative distance of the plate from the edge of the drop led to an increase in the depth of the pool
in both pores of the screen. Finally, although increasing the relative distance of the plate from
the edge of the drop reduced the climatic interference, they still had no effect on the energy
dissipation of the flow.

Keywords
Turbulence length, Climate interference, Wet length, screen distance
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Figure.l Location of masonry Tule Bene check dam
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Fig 3 - Downstream view of Tul Bene masonary check dam Fig
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Figure 10- Submerged jump by placing blocks at the end of the stilling basin
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Figure 11- Embedding blocks at the end of the stilling basin
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Fig 13- Base test bed profile for equilibrium scour depth determination

Ol e Galojl L aslio jo ol 035
Shoesee gl ly gamoys 00 ol (S|
Sy ad>po 0l o OLoL el a s Lol
soml (s =5 il pls S Gl S (oo
Sl ) Ceal L 4SS o5lu so aseioo |y 00l
Oy L5 99— o0 g (5 ) il S

W9 on Soml azde> Ok )3 48 (Sg 0

Y4

a5 ol o Ay iy ol £l il
S
ol 00 |yl ad> 10 gy Lo oyl
YISY ,hiay odlaely i \)TM‘? P
| 059 Y o J._>‘).o c‘\._.uu A Connd (J...o‘_s.ul».:



FAM oV Fr e 3l AT 0,ledd VY ale/ a5 (5 ll SWojler cmotiee iligios

sbeljl Fomby (oS b Gl 29> slecil
3408 delol ool sl (5 05
S QL?q‘ 9 Jl-;ls)-:—“-.' J—‘Bﬁ)" Y JS_“’

ol J o g5 )| L 3QT," BN

.MQGA

A oib lwgi g s Jlo 0 2 e D90 4

v a ool Sgya e by ze—o o 5yl

}‘@)M@QT}‘Mﬁuwwywéwg

0o olsul zgo Jobo 00,5 o 1 ol dsg>

oot 5325 G131 JUS (5ol s £105,1 s JUIS s Judg 0 —VF USS
Figure 14- Channel bed profile with Fixedheight at the end of the channel with increasing roughness in the bed
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Figure 15 - Channel bed profile due to both raising channel bed level by 3 cm and bed roughness increasing
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Figure 16 - Channel bed profile due to raising channel bed level by 6 cm
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Figure 19- Bed profile in conditions of initial bed roughness and bed level raising by 3 cm
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Figure 20 - Bed profile (in case of coarse-grained sediment on channel bed)
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Figure 21 - Bed profile (raising bed level and increasing bed roughness)
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Table 2 - Test conditions in different stages for the 3 cm height of end sill
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Abstract
Introduction

Masonry check dams are small structures that are built to reduce the slope of the canal,
reduce the flow velocity as well as control bed erosion. The distinguishing feature of
Masonary check dam and other similar structures is the presence of pipes in the body of
check dams. This adds to the complexity of the hydraulic conditions of these structures. As
the flow overflows through the Masonry check dams, only some of the Kinetic energy of the
flow is dissipated in the stilling basin and the excess Kinetic energy is occurred downstream
of the structure. This situation can cause erosion of the riverbed downstream of the structure.
Various methods are designed and implemented to control this excess energy. These methods
include changing the height of the bottom bed, roughening the bed and creating a protrusion
at the end of the stilling basin in order to create a submerged hydraulic jump into the stilling
basin. Due to the fact that the stilling basin used in the main structure is USBR type 1 and in
this type of basins, no baffles or end sills are used to dissipate the flow Kkinetic energy,
embedding a sill at the end of the stilling basin is one of the innovations of this research.
Also, using a physical model of mortar stone dams has not been reported anywhere and
hence, this is also one of the innovations of this research. Therefore, using the physical model

of "Tol Beneh" mortar rock dam can help to better understand the impact of scour reduction
methods in the main structure constructed on the Gorgan Ziarat River and similar structures
Materials and Methods

in order to identify scour in Masonary check dam and its control methods, a physical
model with a scale of 1:20 was developed. The flow rate in all tests was 25 I/s At first First,
experiments were performed to determine the amount of scouring at the stilling basin. The
results of these experiments were used to compare with the remaining test conditions. In the
second series of experiments, to create a rough bed, the 54 cm long distance (equal to the
length of the stilling basin) was covered with materials with a median diameter of 2.5 cm.
three heights of 3, 6 and 9cm were used to model the increase of bed elevation (third series
experiments). In the fourth series of experiments, to create a sill at the end of the stilling
basin, a plastic blade (blocks)3 cm high was used in four stages. In the first stage, only a 3
cm sill was installed at the end of the stilling basin. In the second stage, the height of the bed
bottom increased by 3 cm. It should be noted that the average diameter of bed particles in
these two methods was 4.5 mm. In the third stage, the roughness thickness of the bed
materials increased to an average diameter of 2.5 m without increasing the bed height. In the
fourth stage, in addition to increasing the roughness of the bed material, the height of the bed
also increased by 3cm .
Results and Discussion
In the stilling basin model, the scour depth was 130 mm without any obstacles. In other
words, this magnitude represents a scour of 2.60 meter in the prototype. The presence of the
end edge at the end of the stilling basin as well as raising the end of the channel causes a
submerged hydraulic jump and consequently reduces scouring. If it is used in combination
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with these two methods, the effect will be greater. The results show that the presence of the
end edge at the end of the calm pool shows a greater scouring reduction than increasing the
height of the bottom,

The results of these methods, which have been performed in the laboratory, can be used in the
field. Also, since the apron and end blocks have been constructed in some water structures,
suitable and proper results can be obtained by comparing the experimental and field
conditions in future researches.Experimental results show that if the end block with a height
of 3 cm (60 cm in the field) is used along with an increase of 2-3 cm in bed roughness height
(40-60 cm in the field), no scouring will occur. For the case of increasing the tailwater depth,
if this parameter increases by 9 cm (equivalent to 1.5 times the initial tailwater depth), no
scouring will occur. This value is nearly equivalent to 1.8 meters in the field.

Keywords: Scouring, Tailwater submergence, Masonry check dam, stilling basin
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Table 1- Chezy coefficient for all experiments

Q s d50=0.51 mm d50=2.18 mm
(lit/s) Co Cy Ch% Co Cy C%
10 0 23.964 46.782 27.903 20.468 41.344  23.557
15 0 25.332 51.616 29.074 22.409 43.934  26.054
20 0 27.122 53.824 31.400 23.590 45.726  27.538
25 0 28.338 56.740 32.709 24.885 47.820  29.142
30 0 30973 62816 35602  26.429 50.415  31.035
10  0.0001 22.779 45.640 26.287 20.055 39.588  23.261
15 0.0001 24786  50.858  28.385  21.816 42535 25414
20 0.0001 25.606 52.704 29.295 23.005 44486  26.879
25 0.0001 27.521 54.877 31.810 24.311 46.639  28.488
30 0.0001 30.094 60.320 34.724 26.009 48.916  30.709
10 0.0005 22.307 44511 25.778 19.722 38.377  22.990
15 0.0005 24.045 48.258 27.733 21.281 41560  24.775
20  0.0005 25.262 50.836 29.111 22.442 43424  26.214
25 0.0005  26.902  53.672  31.089  23.723 45.054  27.904
30  0.0005 28.910 57.466 33.451 25.217 47.736  29.700
10 0.001  21.988 43230 25539  19.092 37.609  22.159
15 0.001 23.452 46.635 27.132 20.816 40.018  24.373
20 0.001 24.997 49.998 28.864 21.934 42277  25.657
25 0.001 27.034 52.011 31.645 22.852 43.835  26.778
30 0.001 28.900 55.379 33.878 24.459 46.390  28.784
10 0.0015  21.707  42.062  25.342 18544 36.880  21.453
15 0.0015 23.412 46.066 27.184 20.445 39.284  23.943
20 0.0015 24492 48491 28378 21516 41317  25.203
25 0.0015 26.347 50.043 30.990 22.232 42,767  26.026
30 0.0015 28337  53.819 33331 23.821 45.018  28.073
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Extended Abstract

Introduction

Accurate estimation of flow resistance, such as Chezy coefficient, is important for calculating
the hydraulic flow conditions and sediment transport in open channels. Chezy coefficient is
affected by various factors: bed particles size, vegetation, irregularity of waterway cross-section,
irregularity of waterway path, scour and sedimentation, presence of obstructions, suspended and
bed load, and bed form (Bahrami Yarahmadi & Shafai Bejestan, 2010, 2011). Previous
researches, Talebbeydokhti et al. (2006), Omid et al. (2010), Nasiri Dehsorkhi et al. (2011),
Chegini & Pender (2012), Kabiri et al. (2014), and Kwoll et al. (2016), have shown that the bed
forms can affect the hydraulic or sediment transport characteristics. However, there is a lack of
study to investigate the effect of bed forms with different sediment sizes on the Chezy
coefficient. Therefore, the present study aims to conduct experiments on a straight channel
whose bed is covered with the artificial bed forms made from P.V.C sheet, and on its surface is
glued sediment of different sizes in the range of 0.51 and 2.18 mm.

Methodology

The experiments were performed in a straight flume of 12 m in length and 0.30 m wide
(Figure 1). In this study, different flow discharge of 10, 15, 20, 25, and 30 I/s and different bed
slopes of 0, 0.0001, 0.0005, 0.001, and 0.0015 were tested. Two series of experiments were
carried out: plane bed or bed without form and bed covered with form. Each form was made in a
triangular shape with a P.V.C sheet. The form's length and height were equal to 20 and 4 cm,
respectively, and the angles of its upstream and downstream to the horizon were selected as 16.4
and 32 degrees, respectively. After each form was built, the desired sediment size was glued to
their surface. This study used two types of uniform granulation with average sizes (dso) of 0.51
and 2.18 mm. The total number of experiments in the present study was 100. Since in alluvial
rivers with bed form, the resistance Chezy coefficient includes the grain Chezy coefficient and
the form Chezy coefficient. A formless bed, covered with the same sediment size, was tested to
determine the grain Chezy coefficient (C,). The bed with the form was used to determine the
total Chezy coefficient (C,) and the form Chezy coefficient (C,). Ripple and dune form is
formed in a lower flow regime, in which the Froude number of the flow is less than 1 (Shafai
Bajestan, 2008). In this study, the Froude number values in all tests with bed form were 0.435 to
0.6, indicating a lower flow regime.

Results and discussion
Figure 2 show the variation of the grain Chezy coefficient (C,) against relative submergence

(R’ /dsp) for various tests. This figure shows that, with increasing relative submergence, C,
increased.
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Figure 3 shows the changes in the total Chezy coefficient (C,) against Froude number for
sediment-covered substrates of 0.51 and 2.18 mm. It can be seen that as the Froude number
increased, the total Chezy coefficient (C,) increased. In addition, increasing the longitudinal
slope of the bed decreased Cj,.

Figures 4, 5 and 6 illustrate the effect of sediment particles size on C,, C;, and C,. These
figures showthat C,, C,, and C, decreased with increasing particles size. In addition, Figures 5
and 6 show that with increasing R/A, the total Chezy coefficient (C,) and the form Chezy
coefficient (C,’) increased. Calculations showed that the value of C; in beds with a sediment
size of 0.51 mm for slopes of 0, 0.0001, 0.0005, 0.001, and 0.0015 was, on average, 14, 12, 12,
15, and 16.4% more than 2.18 mm sedimentary beds, respectively. In addition, the value of C, in
beds with a sediment size of 0.51 mm for slopes of 0, 0.0001, 0.0005, 0.001, and 0.0015 was, on
average, 15, 13, 13, 16, and 16.5% more than 2.18 mm sedimentary beds, respectively.

The results of Table 1 shows that the grain Chezy coefficient (C,) for particles with sizes of
0.51 and 2.18 mm was, on average, 98 and 93% more than the total Chezy coefficient (C,),
respectively. In addition, The form Chezy coefficient (C,) for particles with sizes of 0.51 and
2.18 mm was, on average, 16 and 17% more than the total Chezy coefficient (C), respectively.

Conclusions

The results of this study shows that generally with increasing the bed slope and the bed particle
size of movable bed sediment channel, the flow resistance increases or the total Chezy
coefficient (C,), the form Chezy coefficient (C;') and the grain Chezy coefficient (C,) decreases.
Increasing the bed particle size from 0.51 to 2.18 mm reduced the coefficients of C,, €./, and C,
by 15.14, 12, and 12.9%, respectively. Moreover, the value of C,, C,, and C, in sedimentary
beds with particles of 0.51 mm were, on average, 18, 14 and 15% more than sedimentary beds
with particles of 2.18 mm, respectively.

Analysis of data have also show that in movable bed channel with bed form, the increase in
relative submergence (R/A) leads to an increase in C; and C,. So that for the sediment size of
0.51 mm and bed slope of 0.0001, with the change of relative submergence from 1.3 to 1.875,
the above coefficients increased by 32.1 and 32.16%, respectively.

The grain Chezy coefficient (C,) for particles with sizes of 0.51 and 2.18 mm was found, on
average, 98 and 93% more than the total Chezy coefficient (Cp), respectively, and was 71 and
65% more than the form Chezy coefficient (C}'), respectively.

Keywords: Bed form, Chezy coefficient, Dune, Resistance to flow, Ripple.
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1- CROPWAT
3- Virtual water content of animal a in exporting country e
5- Virtual water contents from drinking

7- 'The volume of water required for mixing the feed of animal

a in exporting country e

9- The average live weight of animal a in exporting country e

11- The crop water requirement of crop c in country e

1.4

2- Specific water demand

4- Virtual water contents from feeding

6- Virtual water contents from servicing

8- The quantity of feed crop ¢ consumed by animal a in
exporting country e

10- The specific water demand of crop c in exporting
country e
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1- The crop yield
3- The daily service water requirement

5- The volume of processing water in m3 per live animal a in
exporting country e

7- The market value of product p

9- The weight of primary product p obtained from

one live animal a in exporting country e

e

2- The daily drinking water requirement of animal a in exporting
country e

4- The processing water requirement per ton of live animal a for
producing primary products in exporting country e

6- The value fraction

8- The product fraction
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Table 1 Virtual water for milk and meat of pure dairy cow content in cubic meter per ton

S Javol 95 g (g5lme O
Virtual water for meat of pure dairy

S Jol 95 yod (5 3lm0 O
Virtual water for milk of pure dairy

cow cow

2017 2016 2015 2017 2016 2015

15644 17472 16989 752 701 720 Bakharz;;,>L
17613 17001 24875 846 682 1054 Bejestan  jliw
15987 18144 20125 768 728 853 S ,» Bardaskan
13113 14389 16317 630 577 692 Taybad byl
12208 14187 14025 586 569 594 0393 Firuzeh
12429 15200 13302 597 610 564 el> ¢ 5 Torbat-e Jam
14413 15008 17045 692 602 722 4 0> <o sTorbat-e Heydarieh
15875 16306 18603 763 654 789 sl Joghatai
15777 16040 15273 758 643 647 crg> Jovein
13517 12949 16299 649 519 691 o),k Chenaran
11346 17017 16848 545 683 714 LT Juls Khalilabad
18865 20879 20467 906 838 868 Jlgs Khaf
17283 22569 20183 830 905 856 olags Khushab
10346 12224 13791 497 490 585 55 ,» Dargaz
16013 18830 18648 769 755 790 ,lg%es , Roshtkhar
17217 16933 15094 827 679 640 ogl; Zaveh
18031 21121 23632 866 847 1002 s Sabzevar
15127 18809 18750 727 755 795 >y Sarakhs
15606 16770 19339 750 673 820 L =)l Saleh_abad
12013 13278 14496 577 533 614 aili-43 LTorgabeh -Shandiz
12474 13365 15025 599 536 637 ks ,3 Fariman
13534 12584 12376 650 505 525 5l=48 Quchan
16935 18679 18918 814 749 802 oils” Kashmar
12267 11966 12801 589 480 543 s Kalat
26320 21639 20865 1264 868 884 sLL3 Gonabad
11120 9232 14938 534 370 633 g Mashhad
13835 15967 15972 665 641 677 oYy 4 Mahvelat
14446 15896 22930 694 638 972 ,¢:Liws Neyshabur
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Table 2 - Virtual water for milk and meat of pure hybrid dairy cow content in cubic meter per ton

S 5390 95 oS (g3lme S 5390 95 i (5l Of
Virtual water for meat of pure Virtual water for milk of pure
hybrid dairy cow hybrid dairy cow

2017 2016 2015 2017 2016 2015
16194 17965 18334 581 536 597 Bakharz ;5L
18414 17780 26555 661 531 865 Bejestan )Lz
16328 18482 21384 586 552 697 OSws »» Bardaskan
13665 15071 18067 490 450 589 Taybadsl,i
12856 14694 15361 461 439 500 035,25 Firuzeh
13074 16146 14285 469 482 465 pl> o 5 Torbat-e Jam
14898 15629 18790 535 467 612 4,0, <o sTorbat-e Heydarieh
16096 16770 19586 578 501 638 s> Joghatai
15724 16271 16081 564 486 524 e Jovein
14400 13526 18137 517 404 591 ol k= Chenaran
10958 17415 17931 393 520 584 oLl s Khalilabad
19175 21214 21800 688 633 710 élgs Khaf
17653 22850 21574 633 682 703 olags Khushab
10974 12845 15450 394 384 503 35 ,» Dargaz
16523 19378 20209 593 579 658 Jlgs , Roshtkhar
16145 17558 16543 579 524 539 ogl; Zaveh
18323 21397 24787 657 639 808 Llg 5 Sabzevar
15599 19108 19278 560 571 628 3 e Sarakhs
16408 17317 20338 589 517 663 sbl Lo Saleh_abad
12698 13943 15627 456 416 509 paile-a8 LTorgabeh - Shandiz
12988 13921 16463 466 416 536 oles,8 Fariman
13893 13235 13815 499 395 450 4l>g8 Quchan
17551 19232 20701 630 574 674 yeisls” Kashmar
12529 12568 13945 450 375 454 oS Kalat
25460 22038 22788 914 658 742 sLL3 Gonabad
11704 10352 16627 420 309 542 et Mashhad
14288 16602 17040 513 496 555 oYq 40 Mahvelat
15011 16437 24153 539 491 787 ,32lees Neyshabur
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Table 3 - Virtual water for milk and meat of pure native dairy cow content in cubic meter per ton

G (5092 9 oS (g3loxe G 5092 9 s (g5l T
Virtual water for meat of pure Virtual water for milk of pure
native dairy cow native dairy cow
2017 2016 2015 2017 2016 2015
38661 36944 25311 1175 907 661 Bakharz; 54
43068 40424 38848 1308 993 1015 Bejestan Lowes
36672 40078 31524 1114 984 824 Sws » Bardaskan
33147 35093 24207 1007 862 632 Taybadsl,i
30389 32949 21881 923 809 572 039, Firuzeh
31222 36668 18698 949 900 489 el <o Torbat-e Jam
33555 35865 25934 1019 881 678 Torbat-e Heyd"ari"eh
Ay oy
35194 35559 28344 1069 873 741 ks> Joghatai
32770 33063 22082 996 812 577 cng> Jovein
32465 29847 25837 986 733 675 ol Chenaran
27404 38353 25729 833 942 672 bl Jus Khalilabad
46049 51098 30752 1399 1255 803 Slg> Khaf
41727 49862 29973 1268 1224 783 ol g3 Khushab
26154 29494 21007 795 724 549 5, Dargaz
40433 43307 27788 1228 1063 726 ,lges, Roshtkhar
40233 41303 21660 1222 1014 566 ogl; Zaveh
40052 43263 37354 1217 1062 976 ,lg ;0 Sabzevar
38470 43772 25605 1169 1075 669 >y Sarakhs
41177 42501 26737 1251 1044 699 sbT Lo Saleh_abad
Torgabeh - Shandiz
30731 28284 20950 934 694 547 iliead b
28494 29142 22502 866 716 588 oles 8 Fariman
34059 30515 17623 1035 749 460 5l g8 Quchan
43048 39717 27463 1308 975 718 1S Kashmar
29219 29134 19195 888 715 502 oS Kalat
52350 47612 32016 1590 1169 837 sLLs Gonabad
26138 23695 22447 794 582 586 et Mashhad
33880 35808 22490 1029 879 588 =Yg 4 Mahvelat
33872 35977 35894 1029 883 938 3L Neyshabur
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Introduction:

Virtual water is water that is consumed by agricultural goods or products during the production
process to reach the stage of evolution, and the amount of virtual water is equal to the sum of the
total water consumption of the production chain from the beginning to the end of agricultural or
industrial products. Virtual water, as an indicator, estimates the environmental damage of
producing a particular product. In fact, the amount of virtual water in each product expresses the
impact of consuming this product on the environment. Virtual water calculations of livestock
products are of special importance in order to make appropriate management decisions in order
to provide food security scenarios and conserve local and regional water resources, and so far no
similar research has been conducted in Khorasan Razavi province. The purpose of this study is
to investigate and estimate the amount of virtual water in the milk of purebred, hybrid and native
cows in all cities of Khorasan Razavi province.

Methodology

In this study, the amount of virtual water of livestock products in Khorasan Razavi province was
calculated. Data related to animal feed and water requirement of purebred, native and hybrid
cows for three consecutive years 1394, 1395 and 1396 were collected from all industrial and
non-industrial livestock in 28 cities of Khorasan Razavi province. The amount of feed consumed
in each age group of the animals was prepared by the Deputy of Livestock Affairs of the Jihad
Agricultural Organization of Khorasan Razavi Province. Production rate and area under
cultivation and yield of each livestock consumption in each city, livestock feed, livestock weight
before slaughter and carcass and meat efficiency of each livestock after slaughter, livestock age
until slaughter, average annual lactation of each livestock Meat and milk prices were collected
from the yearbooks and statistics provided by the Jihad Agricultural Organization of Khorasan
Razavi Province. The water requirement of animal feed components (including: alfalfa, fodder
corn, cereal straw, barley, beet pulp, wheat bran, cotton meal, corn) was calculated using crop
watt software.

Results and Discussion

Virtual milk and meat water in three types of purebred, native and hybrid cows is completely
different due to differences in breed, livestock weight, number of years of lactation, amount of
lactation in the entire life of the animal and etc. According to the research results, the highest
amount of virtual water of pure milk and beef for 2017 in Gonabad in 1264 and 26320,

respectively, and the lowest for 2016 in Mashhad are 370 and 9232, respectively. Also, the

maximum amount of virtual water of native milk and beef in 2018 in Gonabad city was 914 and
in 2015 in Bajestan city was 26555 and the minimum amount of virtual water of milk and native
beef in 2016 in Mashhad was calculated 309 and 10352 cubic meters, respectively.

The highest amount of virtual milk and beef hybrid water in 2017 in Gonabad city in the amount
of 1590 and 53250 cubic meters per ton and the lowest amount of virtual water and hybrid beef
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milk and meat in 2015 in Quchan city in the amount of 460 and 17623 cubic meters per ton. The
results showed that the highest amount of virtual milk water of dairy cows in Khorasan Razavi is
related to dairy cows and the lowest is related to native dairy cows. The highest amount of
virtual water meat of dairy cows in Khorasan Razavi was related to dairy cows and the lowest
was related to purebred dairy cows.

Conclusions

To reduce the amount of virtual water in the production of livestock products, attention should
be paid to the amount of water consumed by products in the composition of the diet and the
amount of drinking water and water related to livestock maintenance services. The composition
of livestock feed is one of the most influential factors on the amount of virtual water in livestock
and ultimately livestock products. Therefore, according to the research findings, it is suggested
that most milk production be done industrially and concentrated in cities that have an advantage
in providing fodder.

Keywords: Virtual water, Khorasan Razavi province, Animal feed, Milk and meat, CROPWAT
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