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ICSS model has been used in various researches in irrigation canals. Due to
the new capabilities of recent versions of the HEC-RAS model and its
advanced strategies, this model has also been considered. The combination of
upstream and downstream control systems of classical controller with
nonlinear channel simulation models (HEC-RAS and ICSS), the way of
implement, and the results comparison are the main objectives of this research.
The utilization of the rules strategy in HEC-RAS and comparison of the model
is the novelty of this research. For this purpose, a controller has been
developed for each regulating structure and an operational program has been
developed for each turnout in advanced boundary conditions in the Eastern
Dez Canal. The results showed that the HEC-RAS model performed very well
and showed a lower error value in the upstream control system than the
downstream control, and the maximum MAE and IAE were equal to 5.3% and
1.8%, respectively. Also, the water flow is stable most of the time and there
are no fluctuations in the water depth. In the ICSS model, almost similar
results were observed, so that the upstream control performs better than the
downstream control, but there are more depth changes and instability, and the
maximum MAE and IAE were obtained as 9.9% and 0.3%, respectively. In
terms of discharge delivery indicators, HEC-RAS outperformed ICSS.
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Figure 1. Implementing the controller in HEC-RAS, including regulators and turnouts coding
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Table 1. RCHN file format definition

1

Total Number of Canals

The total number of canals appears only once at the top of the file.

The following data is repeated for each canal until the total number of canals as indicated in 1 is reached

AN B W

Canal Number
Canal Order

Total Number of Reaches

Hydraulic and Hydrologic Time Increment
Reach Number

[Length of Reach] [No. of Nodes] [Type of dx
Calculation] [No. of Reach Parameters] [FSL]

[U/S Bottom Elevation] [D/S Bottom Elevation]

[Channel Geometry Index]

[A][B] [C] [D]
[A][B][C] [D]
[A][B] [C] [D]
[BI [C][D]
[BI [C] [D]
[BI [C][D]

[Roughness Index]

[Number of Roughness Parameters]

[Manning 'n' Value] [2.000000]

[Distributed Lateral Inflow]

[Distributed Lateral Inflow Index]

[Seepage Index]

[Number of Seepage Parameters]

[Seepage Parameter 1] [Seepage Parameter [2]
[Seepage Parameter 3]

[Precipitation Index]

[Number of Precipitation Parameter]

[Precipitation ~ Parameter 1]  [Precipitation
Parameter 2] [Precipitation Parameter 3]
[Evaporation Index]

[Number of Evaporation Parameter]

[Evaporation Parameter 1] [Evaporation Parameter
2] [Evaporation Parameter 3]

[Other Distributed Lateral Inflow/Outflow Index]
[Number of distributed flow parameters]
[distributed parameter 1] [distributed parameter 2]
[distributed parameter 3]

[Satisfactoriness of the Downstream Boundary
Condition]
[Satisfactoriness
Condition]

[Name of the UBC structure Reach 1.

[Number of Parameters in the UBC Matrix]
[UBC Matrix as defined for each structure]
[Rating Table for UBC index]

[Storage Reservoir Rating Table Index]

of the Upstream Boundary

Number of the current canal
Order in which calculations are carried out, usually same as the Canal Number
The following data is repeated for each reach until the total number of reaches as
indicated in 4 is reached
Hydraulic and Hydrologic time increments are specified for this canal both in a row
Number of the current reach
[Length of Reach] indicates the total reach length from U/S to D/S structures.
[No. of Nodes] is the number of computational nodes between U/S and D/S.
[Type of dx Calculations] indicates how the node spacing is calculated. Three options
are available as below.
1. Evenly spaced throughout the reach
2. Evenly spaced in two sections throughout the reach
3. User specified
[No. of Reach Parameters] indicates the total number of reach parameters for the spacing
of the nodes. For option 1 this value is always 0. Option 2 value is always 2. Option 3
value should always have an equal node number.
[Reach Parameters] only required if [No. of Reach Parameters] is not zero.
[FSL] indicates the full supply level of the canal. (Depth)
[U/S Bottom Elevation] is the elevation of the canal bottom at the U/S end of the reach.
[D/S Bottom Elevation] is canal bottom elevation at the D/S end of the reach.
A 'l" in the channel geometry index indicates that the geometry of the channel will be
specified using polynomial equations. The coefficients for this equation will be entered
below.
Area coefficients as AREA= A + By +Cy? + Dy?
Top width coefficients as TOP WIDTH = A + By + Cy? + Dy3
Perimeter Coefficients as PERIMETER = A + By + Cy? + Dy?
Differentiated Area Coefficients as JAREA = B + Cy +Dy?
Differentiated Top width Coefficients as dTOP WIDTH = B + Cy + Dy?
Differentiated Perimeter Coefficients as JPERIMETER = B + Cy + Dy?
is always 2
is always 2
Manning coefficient and number 2.000000 always
set to 0.00 if there is no inflow
set to 2
set to 2
set to 3

included but not implemented

setto 1
set to 3

included but not implemented

setto 1
setto 3

setto 0

set to 1
setto 3

set to 0

2= Unsatisfactory

1= Satisfactory

2= Unsatisfactory

1= Satisfactory

[Name of DBC structure reach number greater than reach 1]. It should have 30
characteristics maximum.

Based on the structure type (given in Appendix)

Based on the structure type (given in Appendix)

set to 2

set to 2
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Table 2. Matrices of slide gate’s boundary conditions, left side (DBC) and right side (UBC)

65 20
12 2 0 0 12 2 0 0
0 0 0 0 00 0 0
0 Gate width Max1mum 0 0 0 l?dcpcndcnt 0
gate opening 2-independent
Cd Cc 0 0 00 0 0
0 0 0 1 00 0 0
Maximum adjustment Target depth U.S. of gate YT 0 0
0 0 0 0
0 0 0 0
Minimum gate openin 0 Upstream Downstream
& pening invert elevation invert elevation
1-dependent
2-independent 0 0 0
0 1-automatic Time filter 0
2-non-automatic constant (TF)
0 0 0 Kp
Zdb Ki 0 0
0 0 0 0

Automatic direction.

Gate dead-band gate speed (m/mm) [1]US. [2] D.S. Depth filter [1] on, [2]off
Depth dead-band gate dead-band: Motor speed Target depth D.S.
[1] on, [2]off [1] on, [2]off [1] on, [2]off of gate (YT)

Table 3. Matrices of turnout’s boundary conditions, left side (DBC) and right side (UBC)

44 20

10 2 2 0 1

0 0 0 0 0 1 00
0 1 0 0

0 0 0 0 090y
0 0 0 Sill height 00 0 0
Gate width Max gate opening 0 Cd 000 0
0 0 0 0

0 0 0 0

0 0 0 0

2 0 0 0

0 0 0 0

Table 4. ICSS.REP file format to gain desired outputs

1 (Number of report, e.g., "1.prn", "2.prn", ... )
1 (Either 1: produces the report file, or 0: not produces) 0.01(Time step in hr)
4 (Type of data; Depth: 1, Flow: 2, RCHN UBC matrix: 3, 1 (Canal number that 1 (Reach number based on the 24 (Parameter number defined based on the

RCHN DBC matrix: 4, no data: 0) is 1 always) required parameter) RCHN UBC/DBC matrices)
4 (Type of data; Depth: 1, Flow: 2, RCHN UBC matrix: 3, 1 (Canal number that 2 (Reach number based on the 13 (Parameter number defined based on the
RCHN DBC matrix: 4, no data: 0) is 1 always) required parameter) RCHN UBC/DBC matrices)
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Table 5. Proportional, integral, and differential coefficients obtained by trial and error

kK ks _MAE _IAE
0.1 175 026
03 142 0.10
05 001 001 133 006
0.7 142 005
0.9 150 0.04
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Figure 2. Depth errors upstream and downstream of check structure using HEC-RAS with upstream and downstream
controller in a) scenario 1 and b) scenario 2
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Figure 3. Depth errors upstream and downstream of check structure using ICSS with upstream and downstream
controller in a) scenario 1 and b) scenario 2
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Figure 4. Depth and flow variations as the HEC-RAS output in scenario 1 with downstream control system
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Table 6. Performance indicators

HEC-RAS ICSS
MAE (%) IAE (%) MPA MPE MAE (%) IAE (%) MPA MPE
Sn 1, up 5.1 0.0 1.000 1.000 3.6 0.1 0.999 1.000
Sn 1, down 5.3 0.1 1.000 0.999 7.2 0.1 0.999 1.000
Sn 2, up 4.6 0.0 1.000 1.000 1.7 0.2 0.993 0.995
Sn 2, down 4.9 1.8 0.994 0.977 9.9 0.3 0.994 0.977
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