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Neyrpic gates are among the most common flow regulation structures in open channels, valued for their
low hydraulic loss and precise discharge control. Pumping stations are also essential for lifting water or
feeding secondary networks. Hence, accurate understanding of the two-dimensional flow pattern around
these structures is crucial. In the present study, the two-dimensional flow pattern in the combined area of
Neyrpic gates and a pumping station located in the main canal of Dasht-e Abbas was simulated and
analyzed using the HEC-RAS model. For this purpose, flow depth and discharge data were measured
over a period of approximately two years under various operational conditions. Using these data and the
HEC-RAS model, modeling was performed for different main canal discharges, lateral diversion
discharges, and opening degrees of the downstream radial gates. Finally, a dye tracer injection test was
conducted to verify the accuracy of the final model in flow simulation. To evaluate the accuracy of the
modeling, the following error indices were employed: Mean Absolute Error (MAE), Mean Absolute
Percentage Error, (MAPE), Root Mean Square Error (RMSE), and Relative Root Mean Square Error
(RMSRE). The results indicated that the modeling achieved an acceptable level of accuracy. It is
noteworthy that the RMSRE for the sector gate was estimated at 0.045, whereas this index was calculated
as 0.05 for the channel inlet Which are very close to zero and indicate the high accuracy of the model
outputs with reality. Based on the findings, it can be concluded that the HEC-RAS model demonstrates
higher accuracy in simulating the water depth at the Radial gate location compared to the channel inlet.
Furthermore, flow pattern analysis through dye tracing revealed a very good agreement between the
simulated two-dimensional flow pattern and the actual observed conditions. Investigating the effect of
eddy viscosity coefficients in the x and y directions and the Smagorinsky coefficient on the flow pattern
showed that different values of these coefficients by ten percent above and below the model's default
values did not significantly alter the flow pattern around the intake of Neyrpic gates and the pumping
station intake. Furthermore, the results indicated that the flow pattern near the intakes or pumping stations

is highly curved, and any formed eddies arise from spatial changes in flow velocity.
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Introduction
In water conveyance and distribution systems, particularly in irrigation and drainage

networks, main canals play a vital role. Precise flow regulation and water level control require
hydraulic structures such as gates and pumping stations. Among the most common structures
are Neyrpic gates, widely used in open channels due to low head loss and accurate discharge
control. Pumping stations are also essential for lifting water to higher elevations or supplying
lateral networks. However, these structures disturb the uniform, one-dimensional flow pattern,
creating flow convergence, divergence, separation zones, and eddies. Similarly, pumping
intakes significantly affect velocity distribution and shear stresses. In many practical projects,
one-dimensional analysis is used for simplicity, but this may introduce significant errors in
energy loss estimation, discharge distribution, and sedimentation patterns. Hence, accurate
understanding of the two-dimensional depth-averaged flow pattern around these structures is
crucial.

Shahrokhi Nia & Javan (2005) evaluated the Ordibehesht Canal in Fars province using HEC-
RAS under steady flow conditions. Eljaz et al. (2025) developed a hydrodynamic model of an
irrigation canal network in Pakistan, demonstrating HEC-RAS's capability for effective water
distribution management under low-head conditions.

The present study aims to analyze the two-dimensional flow pattern around Neyrpic gates and
a pumping station in the main canal of Dasht-e Abbas using HEC-RAS. Flow depth and
discharge data were measured over two years under various operational conditions. Modeling
was performed for different main canal discharges, lateral diversions, and gate openings.
Finally, dye tracer injection was used to verify the model's accuracy. The results can help
optimize structure layout, reduce adverse hydraulic effects, and improve system efficiency.

Method

In general, in this study, field measurements of flow depth and discharge were conducted over
a period of approximately two years under various operational conditions. Different field
scenarios were defined within the HEC-RAS model. To simulate the pumping station suction
sump in HEC-RAS, a lateral channel was considered downstream of the sluice gate with
dimensions equivalent to those of the suction sump. At the end of this lateral channel, a high-
crested weir was defined to represent the pumping station outlet. After validating the HEC-
RAS model and ensuring its reliability in simulating flow depth, a total of 233 simulations
were carried out for different flow discharge scenarios using the calibrated model.

Finally, to evaluate the agreement between the actual flow pattern and the simulated model,
dye tracer injection was performed at critical and hydraulically complex locations, such as the
end of the canal and the vicinity of the radial and Neyrpic gates.

Results
The results showed that the modeling in both one-dimensional and two-dimensional modes
has acceptable accuracy. Comparing these two approaches, it was found that the two-
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dimensional model has lower error and therefore higher accuracy than the one-dimensional
model. Furthermore, the results indicate that the HEC-RAS model simulates the flow at the
radial gate location with greater accuracy compared to the canal inlet region.

The investigation of the flow pattern using dye tracer injection revealed that the simulated
two-dimensional flow pattern is in very good agreement with the actual conditions. Based on
these results, vortex formation typically occurs near intakes. Moreover, according to the
findings of this study, after the flow impacts the concrete wall of the intake and simultaneously
with flow suction from the lateral canal, vortices are generated adjacent to the concrete walls
and the lateral intake.

Conclusions
Based on the results obtained from one-dimensional and two-dimensional modeling, and by

comparing the values extracted from the model with field measurements, as well as according
to evaluation indices, it was found that the accuracy of the two-dimensional model is higher
than that of the one-dimensional model. In other words, the model outputs in the two-
dimensional mode show less deviation from the actual measured values. It should also be
noted that the accuracy of the model outputs, both in one-dimensional and two-dimensional
modes, is higher at the radial gate location than at the beginning of the canal.
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