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In modern agriculture, hydroameliorative systems play a crucial role in enhancing
the efficiency of agricultural land use. One of the key components of these systems is
the collecting drainage pipelines, which ensure effective drainage, necessary for
improving soil conditions and reducing the risk of flooding areas [1, 2].

The intensity of groundwater drainage from a site is usually expressed through
the drainage runoff modulus g, (1/(s-ha)) or, in the case of infiltration feeding, through
its intensity € (m/day), which refers to the water flow rate coming from a unit area of
the free flow surface. The relationship between ¢,, and € is given by the following
equation [3]:

m
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Using formula (1), the minimum allowable water flow rate, which should be
supplied to a unit length of drainage pipe to ensure the calculated conditions for
lowering the groundwater level and the necessary moisture regime in the soil, can be
determined by the following relationship:
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where FE is the distance between drainage pipelines, m.

As shown in many studies [4, 5], a system of two differential equations has been
used to describe the fluid motion in perforated drainage pipelines. This system consists
of the equation of fluid motion with variable flow rate (3) and the modified filtration
equation (4):
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where H is the depth of immersion of the pipeline axis from the groundwater level; &

is the piezometric head in the pipe; z=H-h is a pressure drop varying along the length,

under the influence of which liquid flows from the environment into the pipeline; Q,

V, D, Q is accordingly, the flow rate, average velocity, diameter, and cross-sectional
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area of the flow at a distance X from the beginning of the pipe; F is dimensionless
drainage resistance (its determination represents a separate filtration problem [6]); kr
is the filtration coefficient of soil around the pipe; Au; 1s the hydraulic friction factor
of the distribution drainage pipeline; g is the acceleration of gravity.

By introducing new variables
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and neglecting the second term in equation (1) due to its negligible effect [7], the
following differential equation is obtained:

de = C—’lcol ACOIVZdV (6)
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where ¢, == A ) is the coefficient of resistance of the collecting drainage pipeline;

O g is the generalized parameter of the collecting drain, which takes into
2k, 1\ zy,
account its structural and filtration characteristics.

The concept of the effective length of collecting drainage pipelines (/) should
be introduced for further analysis. The effective length refers to the length of the
drainage pipeline at which the minimum allowable flow rate is maintained. To enable
the analytical determination of the effective length of these pipes, it is necessary to
express the minimum allowable variation in the relative velocity of the part of the fluid
flow (5) in new dimensionless variables (3), which may enter the collector per unit of

its relative length:
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where O = _Q =V is the relative flow rate of the fluid, which numerically equals
Q./gz 4,

the relative velocity in an arbitrary cross-section of the drain; z,, , is the minimum

allowable (effective) value of the relative head difference in the initial cross-section of
the pipe, which ensures the required intensity of groundwater level reduction. It can be
determined using a relationship analogous to (7):

1
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From this, the effective value of the generalized parameter 4., will be:
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The value of A, at which the required relative velocity 7, in the final cross-

section of the real collecting pipeline is ensured for a given value, is recommended to
be determined using the graph provided in the work [8].
From (9), the effective length of the collecting drainage pipeline (/.;, m) will be:
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The obtained calculation formulas allow determining the effective length of
collecting drainage pipelines. They are quite simple and convenient to use. The
proposed calculation method will be useful when designing real collecting drainage
pipelines, as it will help reduce construction costs and ensure optimal operating
conditions for reclamation systems.

References
1. Levidow, L., Zaccaria, D., Maia, R., Vivas, E., Todorovic, M., & Scardigno, A.
(2014). Improving water-efficient irrigation: Prospects and difficulties of innovative
practices. Agricultural Water Management, 146, 84-94.
https://doi.org/10.1016/j.agwat.2014.07.012
2. Castellano, M. J., Archontoulis, S. V., Helmers, M. J., Poffenbarger, H. J. & Six,
J. (2019). Sustainable intensification of agricultural drainage. Nature Sustainability, 2,
914-921. https://doi.org/10.1038/s41893-019-0393-0
3.  Kravchuk, A., Cherniuk, V., Kochetov, G., Kravchuk, O., & Airapetian, T.
(2023). Determination of the particularities of the hydraulic friction factor variation of
collecting drainage pipelines. Eastern-European Journal of Enterprise
Technologies, 6(7 (126), 33-38. https://doi.org/10.15587/1729-4061.2023.292258
4. Kravchuk, A. M., & Kravchuk, O. A. (2020). Special issues of hydraulics of water
supply and water sewerage systems: Tutorial. KNUCA.
5.  Kravchuk, A., Kravchuk, O., Lomako, A., & Kravchuk, O. (2022). Variation of
the collective drainage pipelines parameters when passing the transit flow. Problems
of Water Supply, Sewerage and Hydraulic, (41), 52-58. https://doi.org/10.32347/2524-
0021.2022.41.52-58
6. Oleynik, O. Ya., & Poliakov, V. L. (1987). Drenazh pereuvlazhnennykh zemel.
Naukova dumka.
7. Kravchuk, A., & Kravchuk, O. (2021). Analysis of the results of perforated
drainage pipelines calculation in the presence of transit flow rate. Problems of Water
Supply, Sewerage and Hydraulic, (37), 42-46. https://doi.org/10.32347/2524-
0021.2021.37.42-46
8. KpaBuyk, A., & KpaBuyk, O. (2023). BusnaueHHs e()eKTUBHUX KOHCTPYKTUBHUX
XapaKTePUCTHK 361pHI/IX IPCHAXKHUX TPYyOONPOBOIIB MEIIIOPATUBHUX CHCTEM.
byniBenpHi KOHCTPYKIIIi. Teopis 1 MIPAKTHKA, (13), 149-159.
https://doi.org/10.32347/2522-4182.13.2023.149-159



