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Fig. 1- The location of the field study area and Moghan irrigation network map.
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Table 1- General characteristics of Moghan irrigation and drainage network (Akhavan, 2012).
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Table 2- The condition of the main canals of Moghan irrigation and drainage network (Akhavan, 2012).
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Table 3- Characteristics of 2" grade canals and other facilities of Moghan irrigation and drainage network
(Akhavan, 2012).
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Table 4- General characteristics of the geosynthetic coating in the studied channel.
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Fig. 2- A view of the destruction of pumping channel 3 during operation.
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Fig. 3- Geomembrane lining sections of the pumping channel 3 (Parts 1-3).
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Fig. 4- Geomembrane lining sections of the pumping channel 3 (Part 4).
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Fig. 5- Ultrasonic flow meter.
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Fig. 6- Flow measurement to determine the amount of leakage
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Table 5- Determining the average amount of canal water leakage by the inlet and outlet flow method.
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Table 6- The amount of water leakage from canals with different coatings in references
(DeMaggio, 1990; USBR, 1976; Nayak et al., 1996; Nofziger, 1979; Sarkar and Majumder, 1995; Salemi, 1999; Fipps
and Leigh, 2000).
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Extended Abstract
Introduction

The performance of geomembrane liners depends on proper design, installation, and
maintenance. Geomembranes exhibit thermoplastic behavior, expanding and contracting
significantly with temperature changes. This can lead to issues like wrinkling and uplift, which
can compromise the liner's seepage control function. Proper maintenance is also essential, as
geomembranes are sensitive to mechanical damage that can greatly reduce their effectiveness.
In Iran, geomembrane lining of irrigation canals has been implemented in several projects,
including the Moghan Irrigation Network. However, comprehensive studies on the performance
and durability of these liners are lacking. This study aimed to evaluate the effectiveness of
geomembrane liners in controlling seepage from Pumping channel No. 3 of Moghan, and
identify any issues related to their design, installation and operation. The results can help guide
the rational expansion and optimal utilization of geomembrane lining for improving agricultural
water productivity in Iran.

Literature Review

Geomembranes exhibit thermoplastic behavior, expanding and contracting significantly
with temperature changes. Geomembranes layers have a high coefficient of thermal expansion,
causing wrinkling or waves in parts of the liner when heated. Proper temperature is critical for
seam welding to avoid inadequate bonding and uplift of the geomembrane on slopes. Long-
term wrinkles can also become failure points. Proper maintenance is essential for the sustainable
operation of geomembrane projects, especially for exposed liners. Preventing mechanical
damage (intentional and accidental) is crucial for the liner's durability and effectiveness.
Geomembranes are sensitive to intentional damage (cutting, burning, abrasion, impact, etc.)
which can greatly reduce the liner's seepage control capacity.

Methodology

The Moghan irrigation network, particularly Pumping Channel No. 3, has been a focal
point for evaluating hydraulic performance, seepage control, and durability in irrigation
systems. This channel, which spans 28 kilometers, is crucial for drawing water from the
irrigation network and has a capacity of 2.3 m¥s, irrigating approximately 3,500 ha of
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Agricultural land and industrial units. Research conducted on this channel has employed the
inflow-outflow method to measure average seepage rates, which were found to be around 46.86
liters per day per square meter. This rate is considered moderate, compared to other
geosynthetic-lined channels, highlighting the need for ongoing maintenance and monitoring to
manage water loss effectively. Field inspections have revealed significant deterioration in the
channel's walls and floor, leading to operational challenges. In 1999, significant repairs were
made to three critical sections of the canal, covering 8 kilometers in total. However, these
repairs proved insufficient, as severe damage reoccurred within two years of service. This
situation emphasizes the necessity for robust construction practices and the potential benefits
of using advanced materials, such as geomembranes, to enhance the durability and performance
of irrigation channels. The research indicates that while immediate repairs can address some
issues, long-term solutions are essential for maintaining the integrity of the irrigation
infrastructure.

Overall, the evaluation of Pumping Channel No. 3 illustrates the complexities and
challenges faced in managing irrigation systems, particularly regarding hydraulic efficiency
and seepage control. The findings suggest that integrating geosynthetic materials could
significantly improve the channel's performance and longevity, thereby optimizing water
resource management in the Moghan region. Continuous assessment and adaptation of
maintenance strategies will be crucial in ensuring that the irrigation network meets the
agricultural demands of the area effectively.

Results and Discussion

The average seepage rate along the canal reaches was 46.86 liters per square meter per day.
No sedimentation or damage was observed during field inspections. The results demonstrate
the acceptable short-term effectiveness of well-installed geomembrane liners in controlling
water losses. Properly designed and maintained geomembrane liners can significantly reduce
seepage, improving agricultural water productivity. However, geomembranes require careful
consideration in design, construction and operation to avoid issues like thermal wrinkling and
mechanical damage that can compromise their seepage control function.

Conclusion

Controlling seepage from water storage and conveyance systems is essential in water-scarce
countries like Iran. Geosynthetic liners, especially geomembranes, are rapidly expanding in Iran
due to their unique waterproofing capabilities and other advantages like quick and easy
installation. However, comprehensive studies on the performance of these liners are lacking.
Rational expansion, proper utilization and optimal investment requires comprehensive
evaluation of completed projects. This study's results indicate the acceptable short-term
effectiveness of well-installed geomembrane liners in controlling water losses. Therefore,
geomembrane liners can contribute to improving agricultural water productivity by
significantly reducing seepage, if they meet waterproofing requirements. However, long-term
performance and durability require further investigation.

Keywords: Geotextile, Seepage Control, Irrigation Canal Lining, Hydraulic Performance,
Water Conservation.
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