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Abstract. The article presents current problems of irrigation canals. We list research methods while
specifying the methods and work processes used. We have schematically depicted and theoretically described
the necessary operations for the construction, reconstruction and repair of irrigation canals. Additionally, we
have substantiated the economic losses arising from using concrete facing materials, and proposed modern
facing materials designed to solve the main issues of irrigation canals. The article demonstrates the results of
work on laying concrete canvas and geosynthetic materials. We have described and clearly classified the
proposed facing materials and systemically listed advantages and disadvantages of modern facing materials
compared to standard concrete canvas. On the basis of the study, the technological intensification of
melioration was presented by reducing the construction and maintenance load on irrigation canals. We have
theoretically and visibly demonstrated the efficiency of proposed materials and mathematically proven the
intensification of melioration by reducing the maintenance load on irrigation canals. The findings indicate that
the use of the proposed materials should increase the performance of irrigation grids, as well as reduce the
maintenance load on them.

1 Introduction able to supply pre-planned volume of crops from
Irrigation canals are the main transporting element of irrigated areas [1-4].

irrigation water throughout the irrigation system. Each We will consider what operations are necessary for

branching of the canals is tied to a specific place of  stable functioning of an irrigation canal (see figure 1).

irrigation; therefore, when one of the branches fails, a Irrigation system

certain irrigated area will not be moistened fully or will servicing

not receive irrigation at all. Accordingly, maintaining
canals and keeping them up and running is a top priority.
The aim of our study is to determine rational options for
intensification of melioration by reducing the
maintenance load on irrigation canals.

Constant Overhaul

2 Methods

During this study, we have used the method of
empirical cognition, which served as a synthesis for \l/—
theoretical analysis of literature using deductive method.
The theoretical method included reference, abstracting Monitoring the stable Annual repair of lined
and quoting general and special scientific works in the functioning of the canals (mooring seams,
field. In the work we have used mathematical and irrigation arid chanaina plates)
statistical methods to obtain and establish quantitative
dependencies between the studied phenomena. The - -
mathematical method included data registration. The Cleaning the bottom of Alignment of canal

L X 2 the canal from sediments geometry in the earthen
statistical method included the determination of the and debris bed

averages of the indicators obtained, comparing and
receiving quantitative or qualitative dependence of the

process under study. Removal of wood and Large-scale work on the
shrub vegetation reconstruction or
3 Results modernization of the canal
As we know, irrigation network canals are constantly Fig. 1. — Irrigation system servicing operations.
in need of maintenance, to ensure stable transportation _The operations described above are mandatory for
ability and deliver the necessary volumes of irrigation ~ irrigation canals in the earthen and lined bed. It is worth
water. Without a proper amount of constant and seasonal noting that these operations require the availability of
maintenance operations, a canal can fail and thus not be specialized equipment, as well as direct and secondary
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costs for a number of works [5, 6]. As innovative
technologies and materials develop every year, it is
possible to apply them in the melioration industry to
improve the irrigation grids and intensify the operations
of the irrigation grid.

Regarding the objective facts above, we propose to
use better materials for irrigation canal facing that will
thoroughly reduce the maintenance of the irrigation grid.
Such materials are concrete canvas and composite
geosynthetic materials for the lining of the canal. At the
same time, the greatest preference in technical terms is
given to the concrete canvas. These materials are
presented in figures 2.1 and 2.2. [9-12].

Fig. 2.2. — Geosynthetic membrane-lined irrigation canal.

Let us consider the classification for each of the
proposed materials to make well-informed analysis.
Geosynthetic materials are materials that come in forms
of technical fabrics, meshes, rolls of waterproofing
materials, as well as their combinations in the form of
geocomposites or cellular frames.

Such materials have a wide range of applications, one
of which is waterproofing. Let us give a classification of
these materials (see figure 3).

Geosynthetic materials

This picture shows the classification of
waterproofing materials, water-permeable materials have
been mentioned because they are part of geosynthetic
materials, but not part of our study.

The advantages of this material are its durability and
cost-effectiveness.

For additional information about this material, we
will give a visual image of geosynthetic material on the
example of a geocomposite version (see figure 4).

_geofabric

Fig. 4. — Example of a geocomposite material.

This picture clearly shows several levels of different
geosynthetic materials that form a geocomposite. The
technical meaning of this material is to avoid the loss of
water resources in all possible ways, if specificity
regarding irrigation canals is necessary.

Now we will consider the next innovative material
recommended for use as a facing solution for irrigation
canals. Such as the concrete canvas.

The concrete canvas consists of:

o fibrous surface, absorbing the humidity;

e matrix that strengthens the fibers;

o dry concrete mixture;

o waterproof polyvinyl chloride pads.

We will give a classification of concrete canvases in
Figure 5.

Concrete canvas

Vb

CC5 CC8 CC1 CC_:H CCH8

Waterproof Geocomposite Water-
permeable
|_ Insulation
Bentonite Geomembrane
: mats Filtering
>
> Bitumen
Calcium
>
> Erosion
»| Polyethylene
> Sodium
> Polyvinyl chloride

Fig. 3. — Classification of geosynthetic materials.

Fig. 5. — Classification of concrete canvases.

Concrete canvases have their own unique
classification, the abbreviation CC means concrete
canvas, and the index standing next to it denotes the
thickness of the material. In the case of the name CCH,
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the abbreviation means a concrete canvas with an
additional hydraulic pad.

By analyzing the classifications given, you can detect
the relationship between these materials. This judgment
is supported by the polyvinyl chloride pad relating to
bentonite mats and the general attitude to geocomposite
materials through an insulating anti-erosion orientation
[13].

Now we will perform a comparative analysis of the
materials under study in Table 1. The analysis was
carried out through a theoretical study of the concrete
canvas with the CC8 brand and composite geosynthetic
materials based on bentonite mats and all types of
geomembranes. The study was directed at irrigation
canals.

Table 1. Comparative analysis of concrete canvas and

geosynthetic materials

Irrigation system
servicing

Constant Overhaul

!

Monitoring the Large-scale work on the
stable reconstruction or
functioning of the modernization of the canal

The comparative analysis has demonstrated that they
are a good option to use for increasing the productivity
of the irrigation grid.

We will analyze how intensive operations become
after the introduction of modern materials and
technologies on the example of concrete canvas (see
Figure 6).

Based on the research, there is a reduction in
financial and technical operations with the improvement
of the quality of the base. It is also worth noting that
when using a concrete canvas, the need for large-
mechanized equipment is reduced by 90%, as the
installation process does not require it at all, and the
maintenance will call for the use of small mechanized
equipment—"bobcat".

- irrigation after the expiration of the
Indicator Concrete canvas Geosythetlc network declared life of 50 years
materials
Cost, rub/m? 3000 500
Equipment Minimum Minimum
requirements
Number of workers Minimum Minimum Cleaning the canal Replacing
Coating speed, 800 800 bottom from unsuitable cuts of
m?/day debris and dirt concrete
Resistance to cracks High Average
and ruptures
Water resistance Low Low
Frost resistance High High Fig. 6. — Irrigation system servicing operations after
Fire resistance High None intensification. S _ -
Tightness of seams High Low The mathematical justification for the intensification
Strength High Average of melioration by reducing the maintenance load on
Longevity, years 50 50 irrigation canals.
Chemical resilience High High The mathematical meaning of this intensification is
Material mobility None Allowed to prove the effectiveness of the proposed solution in the
after laying _ form of technological operations.
Puncture strength High Low We have two facing materials A and B, which have
Resistance to roots High Average differences in cost, installation costs and maintenance of
(vegetation)

the irrigation canal lined with one of the materials
presented.
Note that:
A>B, 1)

where A is the cost of a concrete canvas; B is the cost of
concrete facing slabs.

For greater informativeness, we will add the cost of
each material (in rubles) to the formula:

A > B= 3000 = 1500 )

When using material B, about 6 maintenances need
to be carried out to maintain the canal in order for it to
function in a stable manner.

By = gy + gz +q; + (g + 95 +qs). 3)

Where By is the irrigation canal maintenance technology
using material B; g are technological operations that can
take place regardless of each other except in some cases.

In turn, the use of material A reduces the
maintenance operations.

Ar = qu+ g2+ (g3 +qs ). (4)
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where Ay is the technology of servicing the irrigation
canal using concrete canvas.

From this we can deduce the following pattern: the
use of concrete canvas, or material A, reduces the
technology of irrigation canal maintenance by 1/3, this is
the intensification of melioration.

Then, the following note will be mathematically true:

[g1+92 +q3+1gs +g5 443

Ap = =gy + gz + (g3 +q4). ®)

1.5

where the denominator of fraction acts as a reduction of
the entire process of construction or maintenance of the
irrigation canal.

It is also worth noting that the cost of building a
canal covered with concrete canvas is much less than
that of one with concrete facing and justifies the initial
cost of material A in the future.

It follows that:

Ar = B (6)

where Ar acts as the total cost of maintenance of the
irrigation canal covered with concrete cloth; Byt acts as
the total cost of maintenance of the irrigation canal
covered with concrete facing.

Accordingly, we obtain the following pattern:

A+A, < B, +B )

4 Conclusions

Thus, we can state that the use of modern materials
can improve the performance of the irrigation canal, as
well as reduce the maintenance load on irrigation canals,
both technically and financially. At the same time, the
required volume of irrigation water will be supplied in a
timely manner. The illustrations presented and the
mathematical justification proves that the technology we
have proposed to intensify melioration, by reducing the
maintenance load on irrigation canals, is and should be
used in melioration. The concrete canvas is more
applicable for installation in irrigation canals because of
its physical properties, simplicity of maintenance and
service, and the fact that it prevents vegetation growth,
which makes it optimal and effective.
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