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Introduction

In recent years, the accumulation of heavy metals in the environment mostly due to its adverse
impact on human health and wildlife has become a main concern (Al-Yemni et al., 2011).
Meanwhile, sediments are the main storing heavy metals accumulations and serve as tools for
assessing the status of river pollution (Taghinia Hejabi et al., 2010). At the same time, to using
geographic information systems and Geostatistic methods is desirable. Many studies have been
conducted by researchers such as Mortazavi and Saberi nasab (2017) in Meigan, and Islam et al.
(2015) in the water and sediments of the Korotoa River in Bangladesh. The purpose of this study was
to investigate the concentration of lead, zinc, copper and chrome metals in surface sediments of
GharehSo River and zoning of sediments of the region with Potential Ecological Risk Index and
Muller's Geo-accumulation Index.

Methodology

The Ghareh So river is located in the Kermanshah city in geographical coordinates 2° 47" to 7°
47 E and 4° 18" to 34° 25, In the spring 2017, according to land use of the surrounding area of
GharehSo River River, it was divided into 6 sections and from each part 4 samples were collected in
a three plots After drying, the sediment samples were digested with a ratio of 1: 3 for three hours
with a combination of 65% nitric acid (Merck, Germany) and 70% perchloric acid (Merck, Germany)
(Madrid et al., 2008).The contents of each tube were filtered from Wattman No. 1 paper, and then
distilled with 25 ml of deionized water. Concentration of metals in the samples was determined by
the Analytic Jena atomic absorption spectrometer ContrAA 700.

Kriging method: The Kriging method, which is called the best unbiased linear estimator (Journel
and Huijbregts, 1987), is an advanced interpolation method suitable for data that has a localized
trend.

Cokriging method: When a variable is not sufficiently sampled and based on which the estimate
cannot be made with a desired accuracy, the Cokriging method is used (Hasani Pak, 2005). Two
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methods of kriging and Cokriging are compared with the relations (1 and 2) (Webster and Oliver,
2000).

ME = %z’iv =1[Z(x) = 2(xy)] 1)

RMSE = \/%Z?’:I[Z(xi) —20)] @)

Potential Ecological Risk Index: Potential Ecological Risk Index of aqueous sediments is
expressed as follows (Hakanson, 1980).

RI=y™, Er 3

ER: Represents ecological risk potential of each of the elements and the RI represents the
ecological risk potential of the total metals

Muller's Geo-accumulation Index: The sediment contamination rate is calculated using Muller's
Geo-accumulation Index molar (Igeo) according to equation (4) and table (2):

Igeo=log2[(cn/(1.5 x Bn))] 4)

Cn: pollutant concentration in sediments with a diameter of less than 63 microns per milligram
per kilogram

Bn: pollutant concentration in the shale rock or the initial concentration of the elements when no
contamination was present in milligrams per kilogram

Findings
The results of heavy metal measurements in surface sediments samples of GharehSo River bed is
presented in Table (1).

Table 1- Average, maximum and minimum values of heavy metals measured in Qarasu river

Metals Average Maximum Minimum Standard deviation Global average of
(M9/9) (Mg/9) (Hg/9) (Mg/9) precipitation (ug/g)
Cu 41.2 122 17.1 24.7 33
Zn 21.6 67.3 14 19.5 95
Cr 12.4 24.1 1 6.3 72
Pb 20.3 40.7 13.2 7.5 19

According to the data, it can be said that copper and lead metals have higher average values than

global mean sediments and probability of contamination of Qarasu River sediments with these
metals. In the concentration distribution of heavy metals concentration, the results of the Cokriging
method with Kriging with the help of RMSE and MAE criteria that indicate degree of accuracy
revealed that the Kriging method was superior to the Cokriging method.
According to the zoning results, it can be said that the eastern part of the Qarasu River has more
amounts of copper, zinc, chromium and lead metals. Based on existing land uses, this part of the river
is affected more than other parts of urban and agricultural wastewater. Also, parts of the southeast of
the river showed large amounts of copper. In addition, concentration of chromium metal in most
parts of river has high values.

The results of computing geochemical index for classification of sediments in terms of the
severity of contamination with elements, was showed in table (2).
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Table 2- Calculated values of Muller index and classification of the sediments of the Qarasu River in
terms of the intensity of pollution with the evaluated heavy elements

Igeo Area Mean Degree of pollution Average severity of pollution in all stations
Cu 0.1 1 Non-polluted — moderate polluted
Zn -2.38 0 Non-polluted

Cr -3.6 0 Non-polluted

Pb -0.76 0 Non-polluted

The severity of the contamination with heavy elements is evaluated. Figure (1) shows the
qualitative zoning of Qarasu river sediments using the ecological risk and the geochemical index.

684000 693000 684000 693000

N

RI
‘ <150
Muller [ ]150-300

3808000
3808000
3808000
3808000

(=] (=) [=3 o
g S g g
I =1
g| = =0 H | [ 300-600 g
=1 I >600
0153 6 9 12 0153 6 9 12
s s Kilometers Kilometers
684000 693000 684000 693000

Fig. 1- Qualitative zoning of Qarasu river sediments using Muller ecological and geochemical risk
indicators

Conclusion

In the present study, the distribution pattern of toxic metals was modeled using geo-statistics
methods. Ultimately, simple kriging was selected as the best estimate with the least error. Taheri et
al. (2014) also selected Kriging as their best model for drawing the pattern of toxic metals dispersion.

The results of calculating the contamination severity of Qarasu river sediments using the Muller
index indicated that the sediments had a moderate severity of contamination of lead, chromium and
zinc elements in non-polluted floor, which is consistent with results of Mortazavi and Saberinasab
(2017). However, average severity of copper element contamination in this study was categorized in
non-contaminated to average contaminated soils. Also, the results of ecological risk index showed
that value of this index varied from 5.92 to 198.2. In total, the value of this index was 317.4, which is
considered to be at the ecological risk level. Also, the ecological risk index zoning map showed that
the eastern parts of the river have more contamination than other parts of the river. In addition to
zoning and Hot Spots analysis, each of the elements studied also showed eastern part as the most
polluted part. This also confirms the growing presence of human pollution sources and agricultural
drainage in this Sector.
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Table 1- Ecological risk classification based on RI calculation (Hakanson, 1980)

Ecological risk status

RI value

Low
Medium
High
Very high

RI<150
150<RI<300
300<RI<600

RI>600

(Muller, 1969) a0 (olosdigl qood sl wlol 3 Olgw) Cudss” Sadad -F oo
Table 2- Sediment quality classification based on Muller (1969) geochemical accumulation index

Pollution status Pollution degree Igeo value
Unpolluted 0 <0
Unpolluted- Moderate pollution 1 0-1
Moderate pollution 2 1-2
Moderate pollution- high pollution 3 2-3
High pollution 4 3-4
High pollution- heavily polluted 5 4-5
Heavily polluted 6 >5
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Table 3- Average, maximum and minimum values of heavy metals measured in Qarasu river

Metals Average Maximum Minimum Standard deviation Global average of
(Mg/9) (Mg/9) (Hg/9) (Mg/9) precipitation (ug/g)
Cu 41.2 122 171 24.7 33
Zn 21.6 67.3 14 19.5 95
Cr 124 24.1 1 6.3 72
Pb 20.3 40.7 13.2 7.5 19

2908 Sl gy oBS 2L -t Jsu
Table 4- The results of evaluating the accuracy of interpolation methods

Metals RMSE MAE
Kriging Co-kriging Kriging Co-kriging
Cu 11 1.15 0.98 2.43
Zn 1.33 1.67 2.02 4.85
Cr 0.87 1.47 0.68 3.4
Pb 1.36 1.44 1.93 5.73

g ) (Swmod 50 —0 Jou>
Table 5- Pearson correlation coefficients
Metals Cu Zn Cr Pb

Cu 1

Zn 0.632" 1

Cr 0.615"  0.205" 1

Pb 0.532" 0497 0214 1
** Correlation at the 0.01 level
* Correlation at the 0.05 level
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Fig. 2- Zoning distribution of heavy metals in Qarasu river sediments (concentration in mg/kg)
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Fig. 3- Hot spot analysis results
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Table 6- Results one- way ANOVA analysis

Metals  Number  Average difference from standard P-value
Cu 24 23117 0
Zn 24 1149™ 0.001
Cr 24 150.3™ 0
Pb 24 147.3” 0.006

** Significance at the 0.01 level
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Table 7- Calculated values of Muller index and classification of the sediments of the Qarasu River in
terms of the intensity of pollution with the evaluated heavy elements

Igeo Area Mean Degree of pollution Average severity of pollution in all stations
Cu 0.1 1 Non-polluted — moderate polluted
Zn -2.38 0 Non-polluted
Cr -3.6 0 Non-polluted
Pb -0.76 0 Non-polluted
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Fig. 4- Qualitative zoning of Qarasu river sediments using Muller ecological and geochemical risk
indicators
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Introduction

Prediction of dam-break hydraulic components, including water depth and flow velocity, has always
been important for hydraulic engineers due to its impact on the severity of the failure disaster. Due to
sensitivity of the subject, many previous studies have been conducted on the dam break phenomenon.
For example, the modeling of the dam break flow was done by Wood and Wang (2015) using the
ADI implicit finite difference method in the curvilinear coordinates on a dry bed in the convergent
and divergent channels and in a 45 degree bend. Their results suggest that the provided model has the
ability to record the moves of shock waves and provided a good agreement in comparison with the
experimental data.

Most of the existing models for simulating dam break flow have been developed in cartesian
coordinates. Given the fact that most physical spaces are non-rectangular, the application of the
rectangular computing domain (Cartesian coordinates) to such space and the interpolation to apply
boundary conditions causes errors with the most sensitivity. To overcome this problem, the transfer
of physical space to the computing space is used by the curvilinear coordinate system. In this
research, a comprehensive computer model has been developed in which using the explicit finite
difference method and simultaneous use of Leap-Frog and Lax algorithms on the staggered mesh,
shallow water equations are solved to simulation dam break problem. This will increase the number
of involved points in the computation and sharpen hydraulic gradients become smooth and the
probability of oscillation and divergence will decrease without the use of artificial viscosity. The
application of the model was investigated in various hydraulic problems in addition to the dam break.

Methodology

In hydraulic engineering, shallow water flow equations are used as the governing equations for
studying many physical phenomena including dam break. In this research the governing equations in
curvilinear coordinate system (& #) were solved. The governing equations in the curvilinear
coordinates were discretised on staggered mesh with the intervals of A& and An. The discretisation
method is an explicit Leap — Frag method that uses the Lax algorithm. The momentum equation
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along & direction is discretized in (i+1/2, j, n+1/2), the momentum equation along m direction is
discretized in (i, j+1/2, n+1/2) and the continuity equation is discretised in (i, j, n+1), and the symbols
of i and j are used for space and n is used for time.

Results and discussion

The purpose of verifying the current model is to compare its results with laboratory, analytical, or
with other numerical models presented by previous researchers, including hydraulic jump simulation,
full dam break over wet bed, Asymmetric partial dam break on wet bed, partial dam break in a
convergent-diverging channel. Here are some of the results:

Asymmetric partial dam break on wet bed

The studied area is the same as the area considered by Chaudhry (2008). This area consists of a
channel with 200 m in length and width. The dam break opening is asymmetrical that has a width of
75 m. The results are provided for coarse mesh (301x301) and fine mesh (401x401) along & and .
The comparison of lateral water surface profile in the upstream of the break location (x=75 m), inside
of the break location (x=95 m) and downstream of the break location (x=115 m) are presented in
figure (1). According to the model results for fine mesh, lateral water surface in upstream and
downstream area of the dam location are more consistent with the results of the Chaudhry model, but
for coarse mesh, the water surface at break location is more consistent with the Chaudhry model.

depth (m)

depth(m)
g o N o O,
IO 0INO1I0UTI©O©UIO

.5...|...|...|......|

0 40 80 120 160 200 0 40

distance(m) 160 200

80 120
distance(m)
a b
Fig. 1-Comparison of lateral water surface profile: a) result of current model (Dash-line coarse mesh,
continues-line fine mesh) b)Result of Chauhdry model(Dash line Gabuti algorithm, continues line(Mac-
Cormack) c¢)2 -D view d) 3-D view of water surface 7.5 sec after dam break

Dam break in convergent — divergent channel with and without bed slope

For this purpose a channel with the length of 21 m, width of 1.4 m, without bed and walls friction
and with a bed slope of 0 and 0.01 was considered. As it is shown in figure (2), a gate has been
installed on the contraction area at x=8.5 m from the beginning of the channel. The flow depth in the
upstream of the gate is considered 0.3 m and the downstream is considered as dry bed. The
computational domain include 421 nodes along & and 57 nodes along .
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Fig. 2- a) Study area, converging-diverging experimental flume (Bellos Saulis and Sakas, 1992) b) sampel of
generated mesh for the study area

The calculated and measured water level profiles at different times after the dam break are shown
in Figure 3. The comparison of presented diagrams in figure (3) shows that the results of present
model are consistent with the results of experimental models with and without bed slope. The
numerical model error for calculating the water level profiles on the channel bed without slope is

21 m

a

Dam !

2Am

b

about 4.02%. While this error value is equal to 1.56% for the bed with a slope of 0.01.
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Fig. 3- comparison current model result and experimental data of Bellos et al (1992)
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Conclusions

In this research the computer model was developed in the curvilinear coordinate in which the
governing equations on the shallow water flow are solved by the explicit finite difference method and
the simultaneous use of the Leap- Frog and Lax on the staggered mesh. The application of the model

in various hydraulic problems showed:
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1- In the simulation of the partial asymmetric dam break with tail-water depth, the results of
numerical model are consistent with the results of the Chaudhry model (2007). However the
results of none of the three algorithms Gabutti, Mac Cormack (in Chaudhry model) and Leap-
Frog and Lax (in the present study) are not completely match, but all of these three algorithms
follow a same trend.

2- To achieve the main goal of this research, the results of dam break phenomenon simulation in
convergent — divergent channel with and without bed slope were compared with the results of the
measurements in the Bellos et al (1992) study. It has been determined that a numerical model
with an average error of less than 5% estimates the depth of flow at dam break location.
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Fig. 3- Comparison the results of the ideal dam break over the wet bed of the current numerical model with the
analytical solution in the simulation of flow depth (h) and discharge per unit width (q) 10 seconds after the dam
break (Stoker, 1957).
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Table 1- Comparison of calculated flow depth and discharge at dam break location by numerical and
analytical solutions

Method Flow discharge(m®/s/m) Depth(m)
Analytical 0.927 0.45
Current= numerical model 0.927 0.449
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Fig-4. a) Shematic view and b) part of domain mesh for partial dam break
(adopted from study of Chauhdry, 2007)
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Fig. 6- Comparison of variation of water surface level versus time in partial dam break a) downstream of dam break
location( distance of 115m) b) at dam break location (distance of 95 m)
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Table 2- Calculated water level ( m) with current model and Bellos et al. (1992) measured data at dam break

location
Used method for determining water level 2sec 4sec 6sec 12sec 20sec 60sec
Experimental method (channel without bed slop) 0.156 0.174 0.181 0.141 0.102 0.0392
Numerical method (channel without bed slop) 0.165 0.175 0.181 0.143 0.106 0.0341
Relative Error % (channel without bed slop) 5.76 0.57 0.0 1.42 3.92 12.8
Experimental method (bed slope =0.01) 0.314 0.316 0.32 0.296 0.248 0.195
Numerical method (bed slope =0.01) 0.322 0.326 0.328 0.295 0.249 0.197
Relative Error% ( bed slope=0.01) 2.54 3.16 2.5 0.33 0.4 1.02
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Introduction

The entry of sediments into the lakes of dams over many years and the sedimentation within the
reservoirs are inevitable phenomena, and it is expected that with the reduction of reservoir volume of
dams, planning for the exploitation of dams and water allocation for various issues such as
agriculture, industry, and drinking will become difficult (Ashrafi Vaghefi et al., 2008). Reducing the
volume of the reservoir will shorten the useful life of the dams, and any neglect of this issue,
especially in arid and semi-arid countries around the world, can be a serious threat (Emamgholi
Zadeh 2008). One of the most effective methods for sediment removal from reservoirs of dams is the
hydro suction method. In this method, the difference between the water level in the reservoir and
downstream is used as suction force for sediment transfer. In this method, using the minimum
volume of water, the maximum amount of sediment is discharged, saving costs (Chin et al., 2010).
Also, other advantages of this method can be environmental compatibility due to the controllable
amount of outlet sediments, low mud, the ability to concentrate dredging in one area, the ability to
transfer siphon dredging, the low cost of constructing and installing it, the ability to perform even in
low water seasons, the waste of less water, and non-interrupted operation. It seems that combining
hydrosuction and water jet methods, in addition to having the advantages mentioned, increases
sediment removal efficiency, which has received less attention from researchers. Therefore, in this
research, the effect of jet arrangement and hydraulic jet distance relative to the sediment surface on
improving sediment removal in the jet hydrosuction method has been studied.

Methodology

In order to investigate the effect of arrangement and hydraulic jet distance relative to the sediment
surface on the efficiency of the jet-hydrosuction method, a physical model was used, whose shematic
design is presented in figure (1).
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Sediment Hyt}:&nhg. Water

pond

Water pump—»

Fig. 1- Schematic design of the model

A non-cohesive, poorly granulated sediment (SP) with a density of 2.5 gr/cm3 was poured inside
the reservoir at a height of 15cm. The inlet suction tube was then set up vertically on the surface of
the sediment. After the jet pump started to work, sediments were separated and suspended by the
water jet. Then the vortex flow was created by opening the pipe outlet, and the suction tube acted as a
vacuum cleaner and drained all the sediments into it. In the present study, all experiments were
carried out at an inflow discharge of 1.85 L/S in both jet and jet-free modes (control). The control
test was performed in three effective heads (0.75, 0.7, and 0.65m). Also, jet experiments in a square
arrangement were performed with a jet flow rate of 1.03 m/s, three different distances of hydraulic jet
relative to the sediment surface (0.02 m above the surface of sediments, tangent to the surface of
sediments, and 0.02m below the surface of sediments), and three effective heads (0.75, 0.7, and
0.65m). Then, the sediment discharge efficiency and scour hole volume were calculated in this
treatment and compared with control and single jet samples, Which were previously done in the same
conditions (Moghbeli Mehni, 2017).

Results and Discussion

The results of this study showed that sediment discharge efficiency in the quadratic jet-hydro
suction method was increased in the jet square arrangement compared to the single-jet and control
samples, except in one case (effective head of 0.75m and jet distance of 2cm above the sediment
surface). The jet square arrangement makes the water jet dig up a wide range of sediment from the
bed and diffuse it into the space around the inlet of the suction tube. Also, for fixed effective heads
and hydraulic jet arrangements, reducing the hydraulic jet distance relative to the sediment surface
increased the sediment discharge and scour hole volume. The maximum efficiency (0.67%) was
observed at a 0.75 m effective head and a jet distance of 0.02 m below the sedimentation level. Also,
the ratio of scour hole volume increased in the quadratic jet tests. Scour hole volume in this
arrangement to control scour hole volume and the scour hole volume of a single jet sample were
calculated at 14.53 and 1.54, respectively.

Conclusion

In this study, the effect of arrangement and hydraulic jet distance relative to the sediment surface on
the efficiency of the jet-hydrosuction method was studied. The results showed that with a fixed
effective head and hydraulic jet distance in a square arrangement of jets, the sediment discharge
efficiency and sour hole volume were 17.18 and 14.53 times higher than the observed values in the
control sample and 1.52 and 1.51 times higher than the observed values in a single jet, respectively.
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In general, the best efficiency for discharge sediment was observed in the square arrangement of jets
with an effective head of 75cm and a jet distance of 0.02 below the sedimentation level.
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scenarios.

Introduction

The Severe shortage of surface and groundwater resources is the most important constraint on
sustainable agricultural development in arid and semi-arid regions. Frequent droughts in recent
decades have also led to a significant drop in groundwater levels due to uncontrolled abstraction. In
the present study, different irrigation scenarios are provided to reduce the withdrawal of water from
the aquifer of Kavar plain in Fars province. The results of various studies show that due to climate
change, water resources are reduced and irrigation requirements of plants will be increased during the
growing season (Goodarzi et al., 2015; Zeinoddini et al., 2019). In this study, to simulate future
climate parameters, the outputs of AOGCMs models and emission scenarios RCP2.6, RCP4.5, and
RCP8.5 of the Fifth Climate Change Report were used (IPCC,2014). Then irrigation requirements of
the study area were calculated by Cropwat software considering the cultivation pattern for the future
period. Finally, by defining irrigation scenarios, the simultaneous effects of climate change and
cultivation pattern change in the development of irrigation systems (surface and pressurized) on
groundwater resources were evaluated.

Methodology

Due to the occurrence of recent droughts in Fars province, the water level of the Kavar plain
aquifer has decreased by about 30 meters compared to 1995. In the present study, the effects of the
developing irrigation systems and changing cultivation patterns on irrigation requirements and
withdrawal of water from the aquifer have been investigated.
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Water requirement of the cultivation pattern

Cropwat software was used to calculate the water requirement of the cultivation pattern. This
software uses the FAO Penman-Monteith method to calculate water requirements. The results of
using this method in comparison with the measurement data in neighboring areas have been
satisfactory (Zand-Parsa et al., 2015).

Climate Prediction

Historical data on rainfall and maximum and minimum temperature were collected during the
period of 57 years (1961-2018). In order to predict the climatic parameters in the future period, the
CanESM2 model, which is a series of GCMs models, was used under the emission scenarios of
RCP2.6, RCP4.5, and RCP8.5 (Arora et al.,2011). The SDSM model was also used to downscaling
data. The results of various researches indicated the proper performance of the SDSM model
compared to other downscaling statistical models (Gutierrez et al., 2013). Statistical indices R?,
RMSE, NRMSE, and NSE were used to evaluate the results of the climate change model and
downscaling data.

Development of irrigation scenarios

In the present study, six irrigation scenarios were defined based on the type of irrigation systems,
changes in cultivation pattern levels, and future climate change, then the impact of each on the
withdrawal of groundwater resources was evaluated. To determine the percentages of cultivation
patterns in each scenario, linear programming (LP) was used in Excel software in which the
maximum volume of available water resources and the gross irrigation requirements of plants are
considered.

Results and discussion
Climate change results

Meteorological parameters of rainfall, maximum and minimum temperature were simulated by
the SDSM model for the future period (2020-2070). The results of temperature prediction by the
model showed that the temperature increase in the future period will be different in months of the
year. The highest maximum temperature increase under the scenarios of RCP2.6, RCP4.5, and
RCP8.5 in July is predicted at 1.38, 1.44, and 1.72 ° C, respectively. Also, the minimum temperature
increase will occur in June under the RCP8.5 scenario by 1.51 ° C and under the RCP2.6 and RCP4.5
scenarios in June by 1.26 and 1.43 ° C, respectively. Simulation of rainfall in the future period
showed that the annual average will be decreased. rainfall decreases under the RCP2.6, RCP4.5 and
RCP8.5 scenarios are predicted at 16, 35, and 50 mm per year, respectively.

The impact of climate change on water demand

The modeling results showed that the net water requirement of plants under RCP2.6, RCP4.5, and
RCP8.5 scenarios will be increased in the future period. The rate of increase in net water requirement
over the future period for RCP2.6 scenarios between 3.9 and 4.5; For RCP4.5 scenarios between 6 to
7 and for RCP8.5 scenarios between 8.5 to 10 percent are calculated.

Analysis of irrigation scenarios

Comparison of the climate change scenario with the reference scenario showed that the gross
irrigation requirements for plain in the future period will be increased from 188 to 210 MCM.
Therefore, to meet the irrigation requirements, Withdrawal from the aquifer should be increased by
18 percent. To reduce it, scenarios of changing the cultivation pattern towards low-consumption
crops, increasing the allocation of surface water, improving the efficiency of surface and pressurized
irrigation were proposed. The results showed that by applying these scenarios, the irrigation
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requirements of the plain can be decreased to 164 MCM. It also reduced groundwater abstraction by
56 MCM (about 40 percent).

Conclusion

The simulation results of climatic parameters showed that in all three scenarios of emission, the
temperature will be increased and precipitation will be decreased. increase in gross irrigation
requirements for different plants under RCP2.6 scenario between 4 to 8; Under RCP4.5 scenario
between 6 to 13 and under RCP8.5 scenario between 8 and 18 percent were predicted. Also, the
results of irrigation scenarios on the amount of irrigation consumption in the region showed that by
designing and adjusting the cultivation pattern and improving the efficiency of surface and
pressurized irrigation, the amount of groundwater abstraction in dry and normal conditions can be
reduced by 21 to 40 percent.
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Table 1- Percentage of crops in the cultivation pattern during the last decade in Kavar plain

rops Percent (2008-2009) Area (ha) Percent (2017-2018) Area (ha)
Canola 4 4
Wheat 35 30
Barely 5 3
Suqa(rbeet \ 9 7
Maize (Grain 10 7
Onion 3 9500 2 8500
Beans 1 1
Alfafla 4 4
Maize 3 3
Tomato 2 1
Grape 16 25
Pistachio 0 3000 1 5200
Orchards 8 12
SUM 100 12500 100 13700

1A 50 5195 Culd HLS o g B Lol maw -Y Jaus
Table 2- Area of pressurized and Non-Pressurized lands of Kavar plain in the last decade

Irrigation System 2008-2009 2017-2018
Non-Pressurized (Gravity) 10650 8100
Pressurized 1850 5600
SUM 12500 13700

T Lo § xwilg (SBe90 Jab 38 SDSM Juow & e (b 31 -V S
Table 3- Evaluating the performance of the SDSM model during calibration and validation periods

Calibration Validation
Parameter
RMSE NRMSE NSE R? RMSE NRMSE NSE R?
Maximum Temperature 0.61 2.39 0.99 0.68 0.67 2.57 099 0.71
Minimum temperature 0.33 3.61 099 061 041 3.62 0.99 0.64
Percipitation 2.59 7.96 099 064 3.96 8.03 0.98 0.59
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Table 4- The different irrigation scenarios

Irrigation Scenarios (ha)
Crop Pattern Systems st 52 s3 S4 S5 S6
TICN* 500 548 548 137 0 0
Canola MICN** 0 0 0 411 548 137
PIS*** 0 0 0 0 822 1233
TICN 4375 3425 3425 411 0 0
Wheat MICN 0 0 0 3014 2740 1644
PIS 0 685 685 685 685 1781
Barely TICN 625 411 411 274 0 0
MICN 0 0 0 137 411 411
TICN 975 360 360 89 0 0
Sugarbeet MICN 0 0 0 270 274 137
PIS 150 600 600 600 685 822
TICN 1250 548 548 205 0 0
Maize (Grain) MICN 0 0 0 343 274 0
PIS 0 411 411 411 274 548
Onion PIS 375 274 274 274 137 137
Beans TICN 125 137 137 137 0 0
PIS 0 0 0 0 822 822
TICN 500 274 274 69 0 0
Alfafla MICN 0 0 0 206 137 0
PIS 0 274 274 274 137 274
Maize TICN 375 411 411 137 0 0
MICN 0 0 0 274 411 411
TICN 250 68 68 68 68 0
Tomato PIS 0 68 68 68 69 137
TICN 1000 959 959 411 0 0
Grape MICN 0 0 0 548 548 274
PIS 1000 2466 2466 2466 1644 1918
TICN 625 959 959 548 0 0
Orchards MICN 0 0 0 411 411 274
PIS 375 685 685 685 685 822
Pistachio PIS 0 137 137 137 1918 1918
Total Crop Pattern 12500 13700 13700 13700 13700 13700
Allocated Surface Water TICN 45 45 45 0 0 0
(MCM) MICN 0 0 0 80 80 45
Allocated Groundwater TICN 117 80 95 46 0 0
(MCM) PIS 22 63 70 70 84 111
Total allocated water (MCM) 184 188 210 196 164 156

* Traditional Irrigation Canals Network

**Modern Irrigation Canals Network *** Pressurized Irrigation Systems
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Introduction

Net-Stone water structures, in particular gabion stepped weirs, have become more prevalent due to their
significant impact on reducing energy dissipation, proper stability, cost-effectiveness, ease of
construction, and increasing the level of oxygen in the mixed water. Furthermore, due to air entrainment,
the flow rate passing through the structure can prevent a considerable amount of cavitation, which is one
of the problems in the design of hydraulic structures such as weirs (Shamsayi and Paknahal, 2005). One
of the important characteristics of this structure is the internal flow through the permeable body of the
weir, which creates complexities in the flow behavior. The energy dissipation of gabion stepped weirs is a
function of the upstream and downstream slope of the weir, the number of steps, porosity, and the Froude
number. Changing the porosity leads to a change in the ratio of the internal flow to the overtopping flow,
and consequently, the amount of energy dissipation changes.

Withrich and Chanson (2014) and Pallavi and Harshith (2018) conducted experiments to investigate

the flow characteristics of the overtopping and internal flow of gabion weirs and compared the hydraulic
characteristics of this type of weir with a solid weir. The results showed that the energy dissipation in the
gabion weir is higher than the solid weir due to the division of the overtopping and internal flow.
The aim of this study is to investigate the effect of the number of steps in gabion stepped weirs with a
fixed slope on the energy dissipation of the structure. It should be noted that in the case of a small number
of steps, the flow conditions on the steps are often in a cascading form, which leads to more energy loss.
Certainly, increasing the energy loss of the structure is affected by the downstream hydraulic jump
conditions and the length of the calm pool.

Research Methodology

The experiments were carried out in the Hydraulic Laboratory of Faculty of Water and Environmental
Engineering at Shahid Chamran University of Ahvaz. The flume has a rectangular cross-section and is
made of Plexiglas. Its length is 750 cm, its width is 56 cm, and its height is 60 cm. A lower gate is
installed at the end of the flume to control the downstream depth and the location of the hydraulic jump.
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In this study, two models of stepped weir and gabion stepped weir were constructed to investigate the
relative energy loss and their hydraulic characteristics. In addition, a smooth glass model with a fixed
slope of 1:2 (horizontal : vertical) was used as a control model. The width of the physical models of the
stepped weir with gabion was 56 cm, and they had four, six, and eight steps with heights of 15, 10, and
7.5 cm, respectively, and a slope of 1:2 (horizontal : vertical). The porosity of the gabion baskets was also
40%.

The upstream energy of the weir was calculated as follows:

- a
Bo=(H+ )+ 5500

M)

Considering that the second term in Equation (1) can be neglected due to the low flow velocity in the
reservoir, the equation can be written as follows:

3
Eo=H+y=H+-y 2

In the above equation, H is the total height of the weir, y is the depth of water relative to the crest of
the weir at the upstream of the weir, and y. is the critical depth of the flow.
For each series of experiments, after installing the model and establishing steady conditions, different
flow rates were passed over each model, and various parameters such as upstream and downstream depths
of the weir and hydraulic jump characteristics were measured. The downstream flow was controlled using
a lower gate to ensure a hydraulic jump at the weir's base. The dual upstream depth of the hydraulic jump
y1 could not be directly measured due to the high turbulence in the weir crest and the highly turbulent and
air-entraining flow conditions. Therefore, y; was calculated using the Blanger equation (3) and the
downstream depth (y,) (Chow, 1959).

y=2(JA+8F - 1) 3)

Relative energy dissipation is defined as follows:

AE _EooBy _ 4 _ B (4)
Table 1- The range of parameter variations in this study
Range of variation Q Y2 L_] & N
(L/s) Y1 Y2 Y2
min 30 2.68 3.73 1.22 4
max 50 5.26 5.85 .90 8
Results

In this study, experiments were conducted on models for five flow rates of 30, 35, 40, 45, and 50 liters per
second. The energy loss of the weirs was calculated by measuring the upstream depth of the weir, the
downstream depth of the hydraulic jump at the downstream of the weir, and the calculation of the weir
floor depth using Equation (3). The relative energy loss was calculated using Equation (4). According to
Table (2), it can be observed that the amount of energy loss in gabion stepped weir is higher than that of
the stepped weir, due to the presence of gabion baskets.
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Table 2- The results of the calculations of the relative energy dissipation (AE/E,) for different
models in terms of percentage

. Q(L/s)
Number of steps Models of weir 30 35 20 75 50

4 stepped 70 65.6 62.6 59.5 54.8

gabion stepped 80.6 77.4 75.1 71.1 67.4

6 stepped 67 63.8 60.3 56.8 53.6

gabion stepped 80 75 69.8 66.3 61.1

8 stepped 67 63.8 60.3 57.3 54.2

gabion stepped 76.7 73.1 70.9 68.7 65.4

Chute 11.6 15.5 19.5 21.7 27.3

Conclusion

In the three steps with four, six, and eight steps, the energy dissipation of gabion stepped weirs is
higher than that of the regular stepped weirs and much higher than the chute model. With an increase in
flow rate, the relative amount of energy dissipation decreases. A decrease in the number of steps results in
an increase in energy loss, provided that a cascading flow is formed. Generally, the maximum energy loss
occurs in the four-step weir, and the minimum energy loss occurs in the eight-step weir at high flow rates.
As the flow rate increases, the effect of the underlayer on the velocity profile decreases, resulting in less
energy loss, and the amount of energy loss approaches each other in the six and eight-step weirs. For a
particular model, as the flow rate increases, the relative percentage decrease in the hydraulic jJump length
decreases. The relative percentage decrease in the hydraulic jump length and the length of the roller is
highest in the four-step weir.
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Table 1- The range of parameter variations in this study

% L; L
Range of changes (L(‘/) 9 y_j y—’ y—: N
2
min 30 2.68 3.73 1.22

max 50 5.26 5.85 .90 8
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Fig. 4- Comparison of stepped spillway (A) and gabion stepped spillway (B) with 4 steps and a
discharge of 50 liters per second under the nappe flow condition
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Table 2- The results of the calculations of the relative energy dissipation (AE/E) for different models
in terms of percentage

Discharge (L/s)

Number of steps Weir 30 35 20 5 50

4 Stepped 70 65.6 62.6 59.5 54.8
Gabion Stepped 80.6 77.4 75.1 71.1 67.4

6 Stepped 67 63.8 60.3 56.8 53.6
Gabion Stepped 80 75 69.8 66.3 61.1

8 Stepped 67 63.8 60.3 57.3 54.2
Gabion Stepped 76.7 73.1 70.9 68.7 65.4

Chute 11.6 15.5 19.5 21.7 27.3
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Table 3- The way of naming the models made in this research

Description Models Description Models
Gabion stepped weir with slope 1:2 and 4 steps Stepped weir with slope 1:2 and 4
S;Ny — G Steps SNy
Gabion stepped weir with slope 1:2 and 6 steps Stepped weir with slope 1:2 and 6
Gabion stepped weir with slope 1:2 and 8 steps Stepped weir with slope 1:2 and 8
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Introduction

Limited water resources in many arid and semiarid regions of the world pose a serious threat to land
reclamation and sustainable development. Therefore, it is necessary to review past policies and
formulate new policies in this area. In Iran, with mostly arid and semiarid climatic conditions, water
scarcity has become a great concern affecting not only the agricultural sector but also the industrial
sector and even the drinking water supply in some parts of the country. In recent years, due to
climate change, population growth and increasing water requirements, it is expected that the method
of water distribution will change and the optimal redistribution of resources will be seriously
considered (Mazandarani Zadeh and Hosseini, 2021; Misaghi et. al., 2020; Hosseiniasl et al., 2018).

A review of past research shows that although many studies have been conducted on how to
redistribute water optimally among retailers, each has sought to provide and optimize water resources
by defining a specific objective function. Since most objective functions do not show the ability to
describe mathematics accurately, it is better to use linguistic descriptions to model them.

In this research, the objective function has been defined using fuzzy capabilities to describe
peripheral phenomena. The irrigation network of Qazvin plain was equal to 255 million cubic meters
per year in the past, but in recent years due to various reasons such as climate change and increased
harvest for drinking water supply in Tehran, the allocated amount has decreased to about 120 million
cubic meters per year. The network consists of 11 subnets, each of which acts as an operator. Due to
the reduction of allocated water in the irrigation network of Qazvin plain and the lack of reform of
the irrigation program to this plain, in this study, an attempt has been made to reallocate water to
maximize utility, including increasing the total network revenue and observing justice using fuzzy
inference system.
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Materials and Methods

In the present study, in order to redistribute water optimally among the operators of Qazvin plain
network in order to increase revenue and observe the distribution justice, the fuzzy multi-objective
nonlinear optimization method has been used.

Study area

To transfer water from the Taleghan River through the Ziaran diversion dam to the Qazvin plain, this
irrigation network covering about 58,000 hectares of land in this plain has been constructed. The
network has a main channel with a length of 94 km, 12-degree channels with a total length of 214 km
and a third-degree channel with a length of 232 km. The project site has a semi-arid climate with
relatively hot summers and cold winters. The study area, approximately 20 km long, includes an area
of the Qazvin plain that is covered by a modern irrigation network.

Yield function
To estimate the amount of crop produced based on the amount of water consumed, the water-
production relationship has been used.

n

Ya AET, .
Y [1-Ky (- ﬁ)] (1)

i=1

where Ya and Ym are actual yield and crop potential in ton per hectare, respectively; AET; and
PET,; are real evapotranspiration and potential in growth period i in mm, respectively; and Ky; shows
crop susceptibility coefficient in growth period i.

Proposed optimization model

The following figure shows the conceptual representation of the proposed optimization model. As
can be seen, after estimating the values of the variables by the GA algorithm, FIS is used to evaluate
the suitability of the objective functions.

Initial Population Size (m)

Fuzzy

+—— Membership
Fitness Calculation — Function

- e l

Selection, CrossOver & Mutation | Fuzzy Inferenc Engine

l

Def ifi
NO Fitness Calculation 4—-@
| Fitness Value |
Termination
Condition

Fig. 1- Fuzzy Genetic algorithm flowchart




79
Optimal Redistribution of ... Vol. 46, No. 1, 2023

The purpose of this study is the optimal monthly redistribution of water with the aim of increasing
utility, including the revenue of the entire network and observance of justice in water redistribution.
The reason for choosing to increase the revenue of the entire network is to increase the efficiency of
water distribution so that the amount of water distributed leads to the highest possible revenue.
Besides, the reason for choosing the goal of ensuring justice in water redistribution is to prevent
dissatisfaction and increase the participation of users in the implementation of the water
redistribution model. This issue has 122 variables that limit the volume of water consumed per month
and the volume of water consumed annually.

Results and discussion

Comparison of crop production under the current conditions and the proposed model according to
Fig. 8, shows that the highest production growth occurred in the L1 channel and for forage corn.
Considering that fodder corn has the highest yield according to the potential yield table, it should
have the highest production in the channel with the largest area. The following figure compares the
water allocated to each channel in both pre- and post-optimization situations. As can be seen, 9
channels show an increase in water allocation as compared to before. As can be seen, only two
channels, L3 and L8, have reduced water levels.

2500

2000 ® Fuzzy Optimization = Now Situation

1500

1000

Allocated Wtaer

500

L1 L2 L3 L4 L4A L5 L6 L7 L8 L9 L10
Canal
Fig. 2- Comparison of allocated water in current and fuzzy situations (m3 x 10%)

The largest increase in the revenue is related to the L1 channel, which has increased about 4.5
times. The reason for this is that in the L1 channel, compared to the other channels, the highest area
under forage corn cultivation is observed, which also shows the highest increase in forage corn yield
according to the results of the optimal redistribution of water. This has led to the largest revenue
increase for the L1 channel among all channels.
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Table 1- Distributed Water in main channels of Qazvin irrigation network (Mm3)

m L1 L2 L3 L4 L4A L5 L6 L7 L8 L9 L10
Far, 035 0295 0192 0098 0120 0090 0134 0146 0062 0102 0.06
ord. 190 3007 5054 1738 1754 1624 2812 2.604 1449 3937 253
Kho. 258 3420 6.441 1924 1838 1.820 3.269 2978 1994 5280 2.67
Tir 155 1689 2714 1183 0957 0750 1212 1.051 0771 2020 1.59
Mor. 187 2363 4.238 1654 1274 0963 1430 1.620 1009 2492 1.78
Shah. 181 2464 4303 1442 1346 0870 1632 1.855 00992 2350 1.94
Mehr 005 0020 0029 0005 0006 0011 0022 003 0 0003 001
Aban 005 0020 0029 0005 0006 0011 0022 003 0 0003 001
Azar 005 0020 0029 0005 0006 0011 0022 003 0 0003 001
Dey 0 0 0 0 0 0 0 0 0 0 0
Bah. 0 0 0 0 0 0 0 0 0 0 0
Esf. 0 0 0 0 0 0 0 0 0 0 0
Sum 102 133 2303 8055 7.308 6.151 1055 1035 6.276 1619  10.6

Sum(Mm?) 122.030
Gl Silwdug Jow

Ai,j is Constant Vi = 1,2, ..., m and
vVi=12,..,n
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Table 2- Desirability obtained from if-then rules

Justice Low Medium High
Income
Low Very Low Low Medium
Medium Low Medium High
High Low High Very high

(D 2 (F) (295 b (S03L87 (S1h) DY gamm fuily 8 Kos -1 Jur
Table 3- Potential yield of agriculture crops in Qazvin (Ton/ha)

PRODUCTION
CROPS POTENTIAL
Wheat 8
Forage corn 70
Tomato 45
Alfalfa 15
Barley 6.5
Sugar beet 38
Pea 1.2
Bean 6.8
Potato 10
Corn 131
Lentils 112
- 1
=)
e Low High
T 05
Qo
2
"
2
g 5 6 7 8 9
= income
Fig. 3- Income membership function (MToman)
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Fig. 4- Justice membership function
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Table 7- Area of network products by crops type and sub channel (ha)

canal
crop L1 L2 L3 L4 L4A L5 L6 L7 L8 L9 L10
Wheat 1972 2681 6296 1228 1151 1017 3671 2054 1174 3724 2111
Forage corn 296 20 295 104 25 36.7 73.5 0 0 88.5 20
Tomato 227 280 275 6.5 41.5 41 85.5 255 120 75.8 26
Alfalfa 406 496 859 278 136 149 395 192 116 967 517
Barley 67 136 775 190 188 72 682 327 263 974 505
Sugar beet 10 9.5 609 0 125 0 423 275 0 176 101
Pea 4 11.2 42 0 1 27 295 38.7 26 95.6 103
Bean 78 39 103 125 23 9.5 42.8 90.2 52 87.1 20
Potato 0 0 16 5 0 2 2 39.8 41.5 17 16
Corn 0 5.6 171 5 80 15 103 35 0 0 0
Lentils 0 0 7 0 0 0 12 46 20 20 15

(P55 ok 9 Obgd) 1¥AL (9938 Cudd Gl 4l o)) DY gacme Cwnd -0 J9ua
Table 8- Crops price in Qazvin irrigation plain 1394(Toman/Kg)

CROPS

PRICE

Wheat
Forage corn
Tomato
Alfalfa
Barley
Sugar beet
Pea
Bean
Potato
Corn
Lentils

705
570
300
450
520
120
700
900
450
410
1100
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Table6- Percentage of change allocated water

canal

Percentage of change allocated water

L1
L2
L3
L4
L4A
L5
L6
L7
L8
L9
L10

12.87

8.6
-37
221
31.7
65.8
0.73
11.3
5.11

-29.1

12.11




q.

DOI: 10.22055/JISE.2021.37122.1966 eln 3 T (Gtingr s S 10K an 5 15T

45
40 m Total product in Fuzzy situation
35 . L
= Total product in Now situation
30
o 25
=
= 20 =
o =
a 15 = _
10 . E = = _
02252-5'2'222'22
L1 L2 L3 L4 L4A L5 L6 L7 L8 L9 L10
canal
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Table 10- Net income (Mtoman) and Percentage of changes in current and fuzzy situation

canal Now income Fuzzy income %Income Changes
L1 3.8 21.3 460.52
L2 5.7 7.8 36.84
L3 11.1 75 -32.43
L4 4.1 9.2 124.39
L4A 3.1 41 -54.83
L5 3.7 5.7 54.054
L6 6.4 53 -17.18
L7 4.7 10.2 117.02
L8 3.1 6.1 96.7
L9 7.8 4.4 -43.58
L10 4.6 2.9 -36.95
Sum 58.1 81.8
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Fig. 10-Revenu comparison in current and fuzzy situation for main channels
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Introduction

Flow-induced vibrations (FIVs) are a type of vibration that is caused by the interaction of a structure
with a fluid flow. FIVs can occur in a variety of structures, including bridges, buildings, and offshore
structures. In the case of tandem cylinders, FIVs can be caused by the interaction of the two cylinders
with the fluid flow.

FIVs are suppressed because of their destructive nature. MRElab managed to convert the kinetic
energy of water flows into electricity by enhancing FIV (Bernitsas, 2016; Bernitsas et al., 2008). In
MRElab, Flow Induced Vibrations (FIV) are studied to convert marine hydrokinetic energy, from
oceans, tidal and rivers to electricity using the VIVACE energy harvester. Vortex Induced Vibrations
for Aquatic Clean Energy Converter is probably the closest to commercialization because it has
suffered extensive laboratory testing and many field deployments since its introduction in 2006. The
objective of the Marine Renewable Energy Lab (MRELab) is to investigate FIV of single and
multiple cylinders and find different ways to enhance FIV to design VIVACE Converters and
optimize the power output for various flow velocities. Vortex-induced vibration (VIV) to a cylinder
has been studied experimentally (Alam et al., 2003; Park, 2012) and numerically (Ding et al., 2013;
Kim et al., 2021) by researchers in order to eliminate or at least regulate this unsteady fluid-structure
interaction phenomenon since it has been identified as the cause for many structural failures. But it is
challenging, and it is still being debated due to the complexity of the interaction between body
dynamics and fluid dynamics. The two cylinders arrangement has been studied in many types of
research as the simplest arrangement. In this research, both cylinders can oscillate which has not been
done very often in previous papers up to now. Moreover, most of the previous experiments on VIV
were conducted in TrSL2 regime which fluctuating lift coefficient rises as the Re increases. But in
this research, experiments placed in TrSL3 that shear layer becomes fully turbulent, and the
fluctuating lift coefficient of a smooth cylinder reaches its maximum value.
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Methodology

An experiment was conducted to study the flow-induced vibrations (FIVs) of two tandem
cylinders in a fluid flow. The experiment was conducted in the LTFSW Channel of the Marine
Renewable Energy Laboratory (MRElab) at the University of Michigan. The channel has the
potential to re-circulate about 37,854 liters of water at a speed up to 1.4 m/s by an impeller powered
by a 20hp induction motor. The test section is 2.44 m long, 1 m wide and 1.52 m deep and made of
transparent flex-glass, thus allowing for visualization of the VIV and galloping characteristics. The
stoppers were installed to keep safe the bottom flex-glass of the test section from breaking by the
cylinder impact.

Two PTC circular cylinders of diameter D = 0.0889m and length L = 0.914m were utilized for
these experiments. The test cylinders were mounted on two linear end springs and the cylinder
motion was allowed in the cross-flow direction only. In this study, center to center distance between
two cylinders is between 1.57D and 2.57D. Specific design of the two single-cylinder Converter
modules is listed in Table 1. The added mass inclusion through a constant added mass coefficient
(from potential theory) is still debated. In this study, it is accepted that added mass coefficient is
equal to 1. It also has a power take-off (PTO) system consisting of a heat bank for dissipation of the
generated energy. The excitation comes from the fluid-structure interaction (FSI) and is applied to
the cylinders throughout the forces imparted by the motion of the fluid.

Findings
The hydrodynamic interaction between the cylinders can have a significant impact on the FIVs.

Hydrodynamic interaction can lead to the formation of vortices that can excite the vibrations of the

cylinders. The nonlinear nature of VIV and galloping can also contribute to the drops and jumps in

harnessed power.

The effects of damping and stiffness can also affect the FIVs. In general, increasing the damping
or stiffness of the cylinders will tend to suppress the vibrations. However, there is an optimal level of
damping and stiffness that will maximize the power output of the FIVs.

The findings of this study provide new insights into the hydrodynamic interaction between
multiple cylinders in tandem and can be used to improve the design and performance of VIVACE
Converters and other FIM-based energy harvesters. In addition to the factors mentioned above, it is
also important to consider the following factors that may affect the FIVs of tandem cylinders:

o The shape of the cylinders: The shape of the cylinders can have a significant impact on the FIVs.
In general, cylinders with a larger cross-section will be more susceptible to FIVs.

e The surface roughness of the cylinders: The surface roughness of the cylinders can also affect the
FIVs. In general, cylinders with a rougher surface will be more susceptible to FIVs.

o The presence of other objects in the flow field: The presence of other objects in the flow field can
also affect the FIVs. In general, cylinders that are in close proximity to other objects will be more
susceptible to FIVs.

The study of FIVs of tandem cylinders is a complex and challenging problem, but it is an
important one for the design of efficient and reliable FIM-based energy harvesters. The study found
that the cylinders go up and down out of phase before a drop occurs, and they don't affect each other
negatively. However, at the drop point, the cylinders move approximately in phase, and the upstream
cylinder affects the downstream cylinder negatively. This interaction causes the galloping instability
to disappear, and the harnessed power decreases sharply. The study concludes that there is a firm
interaction between cylinders, and this interaction can cause the galloping instability to disappear and
the harnessed power to decrease sharply.
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Table 1- Cahracteristics of two cylinders in tandem

Parameters Symbol 1st device 2nd device
Diameter (m) D 0.0889 0.0889
Length (m) L 0.914 0.914
Oscillating mass m 7.286 7.286
(kg)

Spring Const. (N/m) k 1200-400 1200-400
Damping ratio d 0.24 0.24
Total Damping C 8.55 8.55
(Ns/m)

Natural Freq. in Fn,w 1.67 ~0.97 1.67 ~0.97
water

Added Mass (kg) my 5.425 5.425
Mass ratio m* 1.342 1.342
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Table 2- PTC parameters (P60)

Item

Strip placement angle

Angular coverage of
strip

Sandpaper thickness
Average grit height

Total thickness of strip

Index Value
oprc(degree) 20
0 (degree) 16
P(mm) 0.586
K(mm) 0.26
T= P+k(mm) 0.847
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Table 3- Experiment parameters
Phase VeloCity  Chamess  SPring Const.  Length ratio
(m/s) (N/m) (L/D)
- - 0.24 1200 1.57
Jump 1.06 0.24 800 2.01

Drop 1.15 0.24 400 2.57
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Fig. 10- Simplified classification scheme of the flow patterns for two tandem circular cylinders in
cross-flow, from (Xu and Zhou, 2004) and (Zhou and Yiu, 2006).
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Abstract

The accurate determination of the amount of runoff resulting from precipitation on the surface of
the watersheds is accompanied by errors due to the effect of various components, such as soil
moisture, evaporation and transpiration, infiltration, and the impossibility of accurately measuring
them. Therefore, the simulation of the precipitation-runoff process is associated with uncertainty.
Uncertainty in calibrating models is caused by input information, model structure, and used
parameters. Quantifying uncertainty is necessary for making decisions in water resource plans. One
of the methods of calculating the uncertainty in the simulation process is to use Bayes's theory as the
basis of calculations. In this research, an innovative method, which is a combination of Bayes
analysis and the Monte Carlo method, taking into account the goodness of fit criteria, under the title
of generalized similarity function, was used to calculate uncertainty. To determine the uncertainty of
the parameters used in the calibration of the HBV rainfall-runoff model, the equation of daily flow
entering the Shahid Rajaei dam in the Tajen catchment was used. The results showed that the
mentioned method can detect uncertainty in the model. So the Nash index was obtained in the range
of 0.4 to 0.68. The mentioned method is effective in identifying and introducing the co-termination
theory, using a set of different parameters in the calibration of the model. So that by using the set of
parameters, the same value of the goodness of fit index is obtained.

Introduction

In hydrologic studies considering and quantifying uncertainty are of high importance for applying
the rainfall-runoff models. In general, the uncertainty sources of rainfall-runoff models are
categorized into three major groups namely, the uncertainty of input data, model structure, and model
parameters. It is crucial to quantify uncertainty to consider the future risks due to simulated data. The
applied equations have multiple parameters. It is possible to quantify the uncertainty, applying the
parameters and defining a likelihood function. Uncertainty analysis of models helps to investigate
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their efficiency better, comprise the results and finally select the appropriate model. Different
methods such as Bayesian inference, data assimilation (Moradkhani, 2005), and Bayesian model
averaging are employed and developed for identifying uncertainty. One of the above-mentioned
methods which are applied frequently for uncertainty estimation regarding the calibration of models
is Bayesian theory. In this research, an innovative method based on the combination of Bayesian
theory, Monte Carlo method, and likelihood function have used to quantify the uncertainty, namely
generalized likelihood unbiased estimation. This method is based on the equatability principle. This
principle suggests that various parameter sets can reach the same value in terms of the likelihood
function. This principle shows that by applying the optimization and automatic methods (Sorroshian,
1980, Duan et al., 1992) aiming to find the optimum solution, it is not possible to reach acceptable
results, as different parameter sets may reach the same likelihood function value. Therefore, it is not
logical to consider merely one optimum parameter set, and feasible parameter sets should be used in
the analysis phase. With this strategy, one can consider the role of parameter uncertainty in the
calibration of rainfall-runoff models. In this regard, it is also necessary to define utility constraints for
assessing the calibration results to discard the inappropriate parameter sets. In the past two decades,
numerous studies have been implemented, aiming to investigate uncertainty with different methods.
In a study, the role of erroneous in the calibration of the rainfall-runoff model has been evaluated to
guantify uncertainty with an innovative approach of Bayesian theory, and the Monte Carlo method
(Beven & Binely, 1992). Finally, to quantify the uncertainty, generalized likelihood uncertainty
estimation is used. It has been applied for calculating the uncertainty of modeling daily stream flow
upstream of the Shahid Rajaee dam in the Tajan watershed in Mazandaran province with the HBV
model.

Methodology

The HBV hydrology model is a computer simulation model developed to analyze river discharge
and water pollution. This method contains uncertainty that should be quantified with an appropriate
method such as Bayesian inference. Bayesian inference is a method of statistical inference in which
Bayes' theorem is employed to update the probability of a hypothesis as more information becomes
available. Bayesian inference is a crucial technique in statistics, especially in hydrological statistics.
Bayesian updating is particularly important in the dynamic analysis of a sequence of historical data
such as streamflow that sheds from a watershed, as outflow.

Results and Discussion

The results showed that it is possible to quantify the uncertainty with the generalized likelihood
unbiased estimation approach. Discarding the inappropriate results has been implemented by
defining the constraint value of 0.5. Moreover, the Nash-Sutcliffe measure varied between 0.4 and
0.68. The results have shown that the GLUE approach is a suitable method for both quantifications of
uncertainty and also an investigation of the equatability theory which states that different parameter
sets can result in a similar goodness of fitness index value. The boundary of uncertainty related to
extreme values is wider owing to flood events in the Tajan watershed, hence the model results are not
satisfactory on days with a flood. However, it is observed that normal daily streamflow due to base
flow and the recession limb of the hydrograph have better simulation outputs.

Conclusions

The results of this study showed that uncertainty analysis by applying generalized likelihood
unbiased estimation can help in recognizing the role of parameter uncertainty in the calibration of the
HBV rainfall-runoff model. It also resulted that the Nash-Sutcliffe efficiency index has a good
performance in terms of the defined likelihood function. It is vital to choose a constraint for the
rejection of inappropriate simulations. Therefore, the uncertainty of different days is quantified based
on the acceptable likelihood functions and regarding the related calculations for 95% and 5%
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confidence intervals. Moreover, the average value of the optimum Nash-Sutcliffe is obtained at 0.68.
It is worth noting that uncertainty analysis with generalized likelihood unbiased function, not only do
consider the different parameter sets, but also investigates the effect of model structures on the
amount of uncertainty that rainfall-runoff models contain. The results also showed that various
parameter sets may reach the same amount of efficiency function value due to the equitability
principle. Hence, it is crucial to consider the equatability principle in the model simulation phase. In
conclusion, by applying the abovementioned principle, one can quantify the uncertainty of rainfall-
runoff models and consider its role of it in hydrologic studies.
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Table 1- The range of values of the HBV model parameters

Row  Parameter Equivalent Unit Range Row Parameter Equivalent Unit Range
Water level
1 Day degree DD °C 2-8 6 limit in the L mm 0-6
tank
2 Agriculgural FC mm 75- 7 Infiltration K mm  0-0.06
capacity 225 storage P
Subsurface
3 Shape factor Beta - 0-8 8 storage Ky mm  0-0.15
coefficient
Surface
4 storage Ko mm 0-025 9 Permanent pwp mm [®
- wilting point 220
coefficient
Base flow Temperature 1
5 storage Kz mm 0-0.06 10 coefficient c Cc 0-0.08

factor
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Table 2- Upper and lower bounds of uncertainty at 5 and 95 % confidence levels for water flow data
(cubic meters per second) in a month

Level (%)

. . Level (%)
Day Observation 5 95 Day Observation 5 95
1 7.9 1.94 135 16 4.1 0.52 3.8
2 119 2.4 18 17 3.9 0.55 3.3
3 104 1.8 16.7 18 3.7 0.57 4.1
4 10.4 1.1 13 19 3.7 0.65 3.9
5 8.5 0.65 10.7 20 3.5 0.31 7.4
6 6.8 0.31 8.7 21 45 0.5 10
7 6.1 0.07 7.1 22 16.9 15 22.9
8 7.6 0.13 7.7 23 14.8 5.1 39
9 9.5 0.12 10.5 24 13.1 7.9 40
10 10.3 0.11 8.4 25 125 8.3 34.6
11 9.2 0.24 6.9 26 11.7 7.2 26
12 7.3 0.33 5.7 27 10.4 6 213
13 6.1 0.39 4.8 28 12 7.3 23.7
14 5.2 0.5 4.4 29 14.4 12.3 35
15 4.5 0.47 4.5 30 14.8 14 33.1
as
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Fig. 5- Calculation flow chart and calculated uncertainty limits
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Fig. 6- The diagram of the error of the simulation process and its dependence on the
normal distribution
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