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Introduction

This study evaluated a drip-gravity irrigation system implemented in Barajin Park at the north of
Qazvin province. In order to carefully examine the existing conditions of the field visit, the effective
parameters in the evaluation were measured for all laterals in the selected section, including 13
laterals. The results showed that the water uniformity distribution was unacceptable due to the
significant elevation difference. Note that no filtration system was used; hence, it was impossible to
use a pressure regulating emitter (PC) because these emitters are sensitive to chemical and physical
clogging. To improve the water distribution conditions, applications of 1) using flow control valves,
2) changing the diameter of the pipes, and 3) using two types of conventional drippers (Non-PC)
with different scenarios and modeling in EPANET software were investigated.

Methodology

Barajin Park, located in Qazvin province, was considered the case study. The irrigation water was
supplied by a pool constructed at the highest level of the irrigated area. The land slope of 20% made
it almost impossible to achieve a desirable water uniformity distribution along the main pipe.

To evaluate the irrigation system's performance, pressure and flow rate data were measured by a
digital pressure gauge and a one-inch flow meter, respectively. The number of trees on each lateral
line was counted, and the length of the laterals was measured.
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In the hydraulic laboratory of Imam Khomeini International University, two conventional emitters
were tested at different compression intervals. The results of this experiment were then used in
modeling scenarios.

EPANET software was used to model the irrigation system in different scenarios. This software
can simulate the behavior of water flows in pressurized networks (Ramana et al., 2015). To model the
irrigation system, the specifications of the reservoir, water transmission lines, manifold pipes, and
laterals, which include the length, diameter of the pipes, and the elevation, were given as the input
characteristics of the program.

Numerical models need to be calibrated to check the correspondence between the measured and
simulated parameters. To compare the values measured and simulated by the EPANET model,
statistical indices of root mean square error (RMSE), mean absolute error (MBE), and error
percentage (NRMSE) were used.

Results and Discussion

The scenario of the existing conditions was evaluated in four cases; in the first case, the current
performance was examined, and it was observed that the values of EU=58% and CU=71.48% were
obtained. The system's efficiency in terms of evaluation criteria was in the weak range. In this case, a
water loss of 0.5 I/s was observed.

In the second case, to investigate the effect of using a flow control valve (Zhang and Wang, 2015),
two valves with capacities of 1.5 and 0.74 (lit/s) were located between laterals 11-10 and 6-5,
respectively. The numerical simulation revealed that EU and CU values increased to 70% and 78.1%,
respectively. Also, the water loss was reduced by 82% compared to the available condition.

In the third case, to investigate the effect of changing the diameter of pipes in improving the pressure
distribution, the diameter of pipes based on the required flow rate of each section was changed
telescopically by modeling in EPANET. In this case, the EU value of 67% and the CU value of
77.6% were obtained.

In the fourth case, the system was evaluated numerically by changing the diameter of the pipe and

using a flow control valve.
The EU value increased to 71% and CU to 79.6%, reducing water loss by 43.5% compared to the
available condition. In general, comparing this case with the previous three cases, it was found that
using the flow control valve and changing the diameter of pipes would result in a more favorable
effect on efficiency increase.

The second scenario, which uses a typical type 1 dropper, was examined in four cases, as in the
previous scenario. In conditions without the flow control valve, the value of EU was 31%, and CU
was 49.2%, with a water loss of 0.57 I/s. In the second case, to investigate the effect of using a flow
control valve, the location of two valves with capacities of 1.19 and 0.58 (lit/s) were determined by
modeling in EPANET software. It was found that the EU value increased to 49% and CU to 72.2%,
which reduced the water loss by 78.9% compared to the previous case. In the third case, the diameter
of the pipes was changed telescopically by modeling in EPANET. In this case, the system's operating
conditions were more favorable in terms of evaluation criteria. In the fourth case, the evaluation of
the system was examined by changing the diameter of pipes and using a flow control valve. Two
valves with capacities of 1.19 and 0.58 I/s were modeled in EPANET. EU value increased to 72%
and CU to 81%.

In the third scenario, which uses a typical type 2 emitter, numerical results revealed similar results
as what was found for the type 1 emitter. Hence, applying the flow control valve resulted in
improving the water uniformity distribution.

In general, it was found that the flow control valve was a brilliant choice to increase the water
uniformity in sloping areas. Numerical simulations must determine the location of the valves and
their discharge characteristics.
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Table 1- Recorded data from field visits

No Number Measured flow Measured Elevation Lateral
of trees rate(lit/s) pressure(m) (m) length(m)
1 35 0.33 8.81 1586 102
2 39 0.24 8.41 1587 105
3 34 0.18 8.53 1587.5 93
4 23 0.17 6.5 1589.5 66
5 36 0.3 4.17 1591.5 103
6 32 0.17 4.98 1591.5 99
7 34 0.14 3.69 1593 93
8 34 0.2 2.26 1595 100
9 33 0.14 0.81 1597 92
10 23 0.17 1.12 1597.5 86
11 22 0.05 1.64 1598 58
12 18 0.08 0.84 1599.5 57
13 18 0.04 0.85 1600.5 56
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Table 3- Drip irrigation system efficiency criterion

EU 70% -80% 80% -90% > 90%
Water
distribution Medium Good Excellent
uniformity

B g sl Dlaskin —£ J9u
Table 4- Specifications of scenarios

scenario  Modes Explanation
1 Current situation
1 2 Current status with flow control valve
3 Current situation with changing the diameter of some
pipes
4 Change the diameter of some pipes with a flow control
valve
1 Using typel non pc emitter
2 with flow control valve Using typel non pc emitter
2 3 Using typel non pc emitter with changing the diameter
of some pipes
4 Change the diameter of some pipes with a flow control
valve
1 Using type2 non pc emitter
2 Using type2 non pc emitter with flow control valve
3 3 Using type2 non pc emitter with changing the diameter
of some pipes
4 Change the diameter of some pipes with a flow control
valve
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Table 5- Values (RMSE), (MBE) and (NRMSE)

Parameter RMSE MBE NRMSE(%)
Pressure(m)  0.295 0.082 7.30
10 — R2=0.9941 z
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Fig. 7- Values of measured and predicted pressures
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Table 6- Evaluation criteria values in different scenarios

Change
Scenari  Required Flow Used theg Wa_ter
- rate . EU% CU% saving
0 flow (lit/s) (litfs) valves diameter (litls)
of the pipe
2.2 X X 58 71 -
1 1.79 v X 70 78 0.41
2.16 X v 67 77 -
1.96 v v 71 79 0.2
2.27 X X 31 49 -
5 1.7 1.82 v X 49 79 0.45
2.11 X v 57 74 -
1.83 v v 72 81 0.28
2.3 X X 46 60 -
3 1.84 v X 52 76 0.46
2.12 X v 65 79 -
1.83 v v 74 83 0.29
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