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IRRIGATION OF SLOPE LANDS
BY SUBSURFACE IRRIGATION METHOD USING
A SIMULATOR OF HORIZONTAL WELLS

L.V, Kravchenko, A.S. Lebedev,
A.E. Khadzhidi, T. Yu. Khashirova

Abstract

Background. To evaluate the effect of different irrigation parameters, a model
of a sloping slope was developed for experiments, and different irrigation regimes
were investigated using a horizontal well simulator. To consider the process of
subsurface irrigation were modeled sloping slopes of sand-soil on the laboratory
installation of the author’s design, implemented at the Department of Hydraulics
and Agricultural Water Supply of Kuban State Agricultural University. Based on
the analysis of the results of the experiments, a graph showing the trajectory of ir-
rigation water movement when modeling subsurface irrigation using a simulator
of horizontal well was obtained for the first time. The obtained results showed that
the main flow of irrigation water in the process of its movement has the trajectory
of a downward curve, originating directly from the simulator of horizontal well,
then passing at an angle the whole considered area of the slope, and ending at its
lower boundary.

Purpose. Purpose of the study to investigate the effectiveness of subsurface ir-
rigation on sloping slope models using a horizontal well simulator.

Materials and methods. Measurement of the indicators of slope angle and soil
moisture level were carried out in laboratory conditions, experiments using a sim-
ulator of horizontal wells; the method of mathematical modeling was used for the
analysis of wetting processes; statistical methods were used for the processing of
experimental data. This work is based on the analysis of methods and techniques of
irrigation on sloping soil surfaces. To consider the process of subsurface irrigation
were modeled sloping slopes of sand-soil on the laboratory installation of the au-
thor’s design, implemented at the Department of Hydraulics and Agricultural Water
Supply of Kuban State Agricultural University. Horizontal well simulators in the
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form of U-shaped tubes consisting of two vertical parts and one perforated horizon-
tal part were placed in the sand-soil of the author’s laboratory installation. A mul-
tifactorial experiment was conducted on the experimental laboratory installation to
study the technical feasibility of quality irrigation of crops grown on sloping slopes
with the help of simulators of horizontal wells equidistantly located down the slope.

Results. The data obtained during the laboratory experiment were processed, and
on the basis of their analysis the graphs of dependences of water penetration distanc-
es on its volumes at angles of inclination to the plane of 10-30 degrees were plotted.

Conclusion. Based on the analysis of the results of the experiments, for the first
time a graph showing the trajectory of irrigation water movement when modeling
subsurface irrigation using a simulator of a horizontal well was obtained, which
demonstrated the movement of the main flow of irrigation water, which is the tra-
jectory of a downward curve originating directly from the simulator of a horizontal
well, then passing at an angle through the whole slope area under consideration,
and ending at its lower boundary.

Keywords: subsurface irrigation; simulator of horizontal wells; U-shaped tube;
visual inspection; video endoscope
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Hayunas crarbs

OPOHIEHHUE CKJIOHOBBIX 3EMEJIb
CIIOCOBOM INOAINOYBEHHOI'O ITOJIMBA
C UCITOJIB3OBAHUEM UMHUTATOPA
I'OPU30HTAJIBHBIX CKBAKUH

JI.B. Kpaguenko, A.C. Jlebeoes,
A.E. Xaoscuou, T.IO. Xawupoea

Annomauusn

O6ocHoBanue. J[Jisi OICHKU BIMSHHS PA3IMYHBIX TAPAMETPOB MOJIKBA ObLIa
paspaboTaHa MOJIEITb HAKIIOHHOTO CKJIOHA ISl OKCIICPHMEHTOB, HCCIIEAOBAHBI pa3-
JIMYHbBIE PEKUAMBI TIOJTUBA C MCIONB30BAHMEM HMHTATOPa TOPH30HTAIBHBIX CKBa-
kuH. JI71s1 pacCMOTPEHUsI POIIeCcca MOANOYBEHHOTO MOJIUBA OBLITH CMOJICTUPOBAHBI
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HAaKJIOHHBIE CKJIOHBI IIECKOTPYHTa Ha J1aOOpaTOPHOM yCTaHOBKE aBTOPCKOW KOH-
CTPYKIMH, PEATM30BaHHbIC Ha Kadeape THIPaBIMKH U CEIbCKOX03HCTBEHHOTO
BogocHaOkenns Kybanckoro I'AY. TlonydeHHbIe pe3ysabTaThl MOKa3aiH, YTO OC-
HOBHOM ITOTOK ITOJIMBOYHOM BOJIBI B ITPOIIECCE CBOETO JABMKECHUS UIMEET TPACKTOPHUIO
HHUCHajaoled KpuBoi, Oepyllell cBoe Hayaao HEIMOCPEACTBEHHO OT MMUTATOpa
TOPU30HTATBHON CKBaXKUHBI, JAaJiee MPOXO/ISIIeH MoJ] HEKOTOPBIM YIJIOM BECh pac-
CMaTpUBAEMBIH yUAaCTOK HAKJIOHHOTO CKJIOHA, U 3aKaHYMBAIOIIEHCS Y HIKHEH ero
TpaHHLIBL.

Heas. Lens uccnenoBanus U3y4uTs 3QHEKTUBHOCTD MOANOYBEHHOTO IOJINBA
Ha MO/IEJISIX HAKJIOHHBIX CKJIOHOB C UCIIOJIB30BAHUEM UMHUTATOPA FOPU30HTAIBHBIX
CKBa)KMH.

Marepuansl u MeToabl. V3mepenue nokazaresneid apdekTuBHOCTH yriia Ha-
KJIOHA 1 YPOBHSI YBIAKHEHHOCTH IIOYBBI IPOBOAMIINCE B TAOOPATOPHBIX YCIOBHUSIX,
9KCIIEPUMEHTHI C UCTIOIb30BAaHUEM UMUTATOPA TOPU30HTAIIBHBIX CKBAYKHH; [UIS aHA-
JIM3a [IPOLIECCOB YBIAXXHEHUS UCIIOIb30BAJICS METO MaTeMaTHIE€CKOIO MOAEIUPO-
BaHusA, IJI 06p3.60TKI/I OKCIIEPUMCHTAJIbHBIX JAHHBIX — CTATUCTHUYCCKHUC METOMIBI.
JlanHast paboTa OCHOBaHa Ha aHAIIM3€ METOJIOB M CIIOCO0axX MOJIMBA HA HAKIIOHHBIX
[OBEPXHOCTSX NOUBOIPYHTA. J{jIsl pacCMOTpeHUs IpoLecca OAIOYBEHHOIO OJINBA
OBbUIM CMOJICJIUPOBAHbI HAKJIOHHBIE CKJIOHBI IECKOTPYHTa Ha JIabopaTopHOii ycra-
HOBKE aBTOPCKOW KOHCTPYKIIMH, pean30BaHHbIe Ha Kadeape THAPABINKI U Celb-
CKOXO3s1licTBeHHOro BofgocHa0xeHus Kybanckoro I'AY. B neckorpyHT aBTOpCKOii
J1a00paToOpHON yCTAaHOBKH OBLIIH MTOMEIICHBI IMUTATOPbI TOPU30HTAIIBHBIX CKBAYKHH
B BuJe [1-00pa3HbIX TPpyOOK, COCTOSIIME U3 JIBYX BEPTUKAIBHBIX YaCTCH U OJHON
nephoprupOBaHHON TOPU3OHTANBLHOM. Ha ombITHOI 1ab0paTopHON yCTaHOBKE OBLIT
IIPOBEAEH MHOTO(AKTOPHBII 3KCIIEPUMEHT 110 U3YUCHUIO TEXHUUECKOH BO3MOXKHO-
CTH OCYIIECTBJICHHUS KaueCTBEHHOTO [I0JIMBA CEIbCKOXO35CTBEHHBIX KYJIBTYD, BbI-
palBaeMbIX Ha HAKJIOHHBIX CKJIOHAX, IIPY MOMOIIM HMUTATOPOB TOPU30HTAIBHBIX
CKBaXMH, 9KBUIUCTAHTHO PACHOJIOKEHHBIX BHU3 10 CKIIOHY.

Pe3yabrarsl. [ToxydeHnHsle B xone 1a00paTOPHOrO HKCIIEPUMEHTA JaHHBIC
ObUTH 00pabOTaHbl, HA OCHOBAHMU MX aHaJIW3a ObLIH MPOCTPOCHBI rpad)uKN 3aBH-
CHUMOCTEH pacCTOSHUN MPOHUKHOBEHUSI BOJbL OT €€ 00bEMOB IIPH YIiIaX HAKJIOHA
K mockocTu 10-30 rpamycos.

3axuoueHue. Ha ocHOBaHMM aHAIIM3a PE3ybTaTOB IIPOBEACHHBIX IKCIICPUMEH-
TOB BIIEPBBIE MOJTy4eH rpaduk, 0TOOpaXKaroInil TPACKTOPUIO IBHUKEHHS TTOJINBOY-
HOM BOJbI ITPHU MOACIIMPOBAHNUN MTOAINIOYBEHHOTO IOJIMBA IIPU ITOMOIIIHW UMUTATOpa
TOPU30HTAJIbHOM CKBaXHMHBI, IPOJEMOHCTPUPOBABIINI ABUKEHHUE OCHOBHOTO IO~
TOKA IIOJIMBOYHON BOABI, IPEACTABIIOLIET0 COO00H TPaeKTOpUI0 HUCHAJAoLeH
KpHBO, Oepyliel cBoe Hauano HEMOCPEACTBEHHO OT UIMUTATOpa FOPU30HTAIBHON
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CKBQ)KUHBI, J1ajiee MPOXOASIIEH 0] HEKOTOPBIM YIJIOM BECh PacCMaTpUBAEMBIi
Y4YaCTOK HAKJIIOHHOTO CKJIOHA, M 3aKaHYHBAIOIICHCS Yy HIDKHEIT ero rpaHHIIbI.

KiroueBrblie ciioBa: HO}IHO‘{BGHHBIﬁ MOJINB; UMUTATOP TOPU3OHTAJIbHBIX CKBa-
xuH; [1-00pa3Has TpyOKa, BU3yabHBIH OCMOTP; BHICOIHIOCKOII

Jas uurupoBanus. Kpasuenxo, JI. B., Jlebenes, A. C., Xamkuau, A. E., & Xa-
muposa, T. FO. (2025). OpomuieHue CKIOHOBBIX 3eMeNb COCOOOM HOIIIOUBEHHOTO
TIOJIMBA C MCTIOJIb30BaHHEM HMHTATOpa TOPH30HTAIBHBIX CKBaXHH. Siberian Journal
of Life Sciences and Agriculture, 17(6-2), 626-638. https://doi.org/10.12731/2658-
6649-2025-17-6-2-1586

Introduction

Cultivation of agricultural structures is largely determined by the timeliness and
sufficiency of irrigation water volumes delivered to the fields. If the first, the time-
liness of irrigation, is solved mainly by organizational and logistical methods, then
the second condition, i.e., provision of necessary volumes of irrigation water, often
has problems associated with both its physical deficit, including due to changes in
climatic conditions, and with the complexity of water delivery to agricultural lands
located at sufficiently large distances from water supply sources [1-5].

This becomes especially important for the conditions of growing agricul-
tural products on sloping slopes, the percentage of which is used in agriculture
in Krasnodar Krai (and not only) is quite high.

Materials and methods

It should be noted that the organization of supply and distribution of irriga-
tion water at the top of the slope is a complex technical task, in addition, it is
necessary to develop a set of measures for its retention and uniform distribution
over the entire area of the slope.

Currently, there is a significant number of studies devoted to the study and
development of irrigation technologies on sloping surfaces, but the problem
remains relevant and requires further study and solution [6-12].

In order to solve the problem of developing the technology of subsurface irri-
gation of agricultural structures grown on sloping slopes, as well as to identify and
take into account as many factors influencing this process as possible, a multifac-
tor laboratory experiment was designed to study different variants of application of
this technology on the laboratory unit of the author’s design and implementation.

The main factors influencing the technological process of subsurface irri-
gation were determined, as well as the functional values obtained as a result of
the experiment (Table 1).
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Table 1.
Plan for a multivariate laboratory experiment
Rock type K,
Tilt angle (sandy soil)
L, L, L,
Vv, vV, \Y
a, 1, 1 1,
t, t, t,
P, P, Qs
L, L, L,
VI V’) V'%
aZ 1] 17 12
t, t, t,
(pl (P7 (pz
L, L, L
Vv, Vv, V,
a, 1, 1, 1,
t, t, t,
P ?, ?

where o, , —tilt angles; K| , — permeability coefficients; L, , —borehole depth, cm; V , —
water volume, ml; 1, — liquid penetration distance, cm; ¢, ,— measured moisture con-
tent within the rock type under study, %; t, , — time measurement for determining the
moisture content indicator inside the soil, min.

The experiment was prepared and conducted at the Department of Hy-
draulics and Agricultural Water Supply of Kuban State Agricultural Univer-
sity using a laboratory unit of its own design and execution, scale 1:100. In
the process of its realization, works were carried out on the production of a
working model of the slope, allowing to change the values of the angles of its
inclination to the horizon. In addition, on the slope itself were placed at dif-
ferent depths simulators of horizontal wells, which made it possible to model
different variants of subsurface irrigation, according to the given methodol-
ogy in Table 1.

The 3000 cm long experimental setup was divided into three parts in order
to set different tilt angles as shown in Figure 1. Each part of the model was sep-
arated from the other by waterproof plates made of PVC material. The modeled
tilt angle to the plane was made of PVC plates having struts along the entire
length of the arrangement inside each model. On top of the slope plate, 10 cm
high sand-soil was poured on top of the slope plate. Then inside the sand-soil
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was laid U-shaped tube to a depth of 2 cm, consisting of two vertical and 1 hor-
izontal perforated tube. And the horizontal tube has a perforation on the side
of 45 degrees. The spacing of the U-shaped tube was carried out for technical
reasons, and to prevent hydraulic fracturing and flow of drilling mud on the
surface of the sand-soil. In order to determine the fluid movement inside the
sand-soil, an observation well for the whole depth of the sand-soil was laid in-
side at a distance of 5 cm from the U-tube. For the convenience of monitoring
the movement of liquid inside the sand-soil, the observation wells were marked
with a series of 1-cm-long marks.

/

/ll L f //

Fig. 1. Schematic diagram of the experimental laboratory setup
1 — Waterproof PVC plate; 2 — Sandy soil; 3 — Observation well; 4 — U-shaped tube; 5 —
PVC plate for creating a slope; 6 — Crane; 7 — Measuring container

After placing the above mentioned, equipment in the laboratory setup, the
experiment was carried out from the existing measuring tank filled with wa-
ter up to 1000 ml. After opening the rotary tap, water from the measuring tank
started to flow into one vertical tube of the U-tube system.

Measurements of sand-soil moisture indices were carried out with the help
of a tare moisture meter. Measurement of sand-soil moisture was carried out
with the help of a calibrated probe sensor, the error of which did not exceed
5%. At the time of the experiment, the movement of liquid was observed using
a moisture meter and a video endoscope in the observation well. The time of
each experiment was measured using a stopwatch, the time of which was syn-
chronized with the NTP server MSK-IX.
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Results
According to the above described, methodology and algorithm of the ex-
periment, experiments with the P-tube placement at a depth of 4 cm and 6 cm
were carried out. The results of experiments with the U-shaped tube at a depth
of 2 cm, 4 and 6 cm are presented in Table 2.

Table 2.
Experimental results
Tilt Liquid | Distance of obser- Depth of U-tube placement 2 cm
angle, |volume, | vation well location | Humid- | Fluid passage | Depth of water penetration
degree ml from the U-tube, cm | ity, % | distance, cm | into the observation well, cm
200 5.3 4.5
10 400 5.7 5 5.5
600 7.5
200 4.4 5.3
20 400 Scm 6.2 6.7 3
600 8.8 9
200 4.8 5
30 400 7 6.2 5
600 9 7.3
Tilt Liquid | Distance of obser- Depth of U-tube placement 4 cm
angle, |volume, | vation well location | Humid- | Fluid passage | Depth of water penetration
degree ml from the U-tube, cm | ity, % | distance, cm | into the observation well, cm
200 7 3.7
10 400 13.2 6 6.5
600 14.1 7.5
200 7.5 4.5
20 400 5cm 12.9 6.4 7.5
600 14.1 7.5
200 5.3 4.3
30 400 9 5 6.5
600 11.5 6.6
Tilt | Liquid | Distance of obser- Depth of U-tube placement 6 cm
angle, |volume, | vation well location | Humid- | Fluid passage | Depth of water penetration
degree ml from the U-tube, cm | ity, % | distance, cm | into the observation well, cm
200 9.5 4.5
10 400 13.7 6.5 7
600 15.3 6.5
200 9.4 4
20 400 5cm 10.4 4.5 8
600 13.7 6.3
200 7.1 4.6
30 400 8.9 7 7.5
600 12.8 7.5
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Based on the data given in Table 2, a graph of dependencies of water pen-
etration distances on its volume at angles of inclination to the plane of 10-30
degrees was plotted. Thus, on the example of laying a U-shaped tube at a depth
of 2 cm, we will build a 3D model in the programming language Python, as
well as calculate the error in Python [11]. Figure 3 shows the graph of water
penetration distance dependencies on its volume at angles of inclination to the
plane of 10-30 degrees at a depth of 2 cm of the P-shaped tube.

At the end of the experiments, an evaluation of the obtained metrics was
performed:

— Root-mean-square error MSE:

n
1
MSE == (= 9% M
i=1

where y, — true value; $; — predicted value; #n — number of data points. The closer
the MSE is to zero, the better the model.
— Root-mean-square error MAE:

n
1
MAE == "Iy = 3l e

i=1
The smaller the MAE, the more accurate the model.
— Determination coefficient R?:
Yoy — 9)°

RZ=1- —.
1 = 92
where ¥; — average of the true values.

3

® Initial data

Distance of liquid passage, (cm)

R
200 ; v§‘°°

200

250 300 s &

350 o
Voy, 400 150 &
Meory 450 500 ER
Qu 550 ]
o, my 60 100 ¥

Fig. 3. Graph of dependences of water penetration distance on its volumes at angles
of inclination to the plane of 10-30 degrees at the depth of U-tube embedment by 2 cm
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Value of R? is characterized by the following conditions:

1) R? =1 (model perfectly predict the data);

2) R*= 0 (model predicts no better than the mean value);

3) R? <0 (model is worse than the prediction of the mean).

An algorithm implemented in Python was developed to determine the values
of the metrics and the results obtained are shown in Table 3.

Table 3.
Metrics values
No Metrics Values
Root-mean-square error MSE | 0,1284
Root-mean-square error MAE | 0,3062
Determination coefficient R> | 0,9265

Conclusion

Based on the analysis of the results of the experiments, a graph showing
the trajectory of irrigation water movement when modeling subsurface irriga-
tion using a simulator of horizontal well was obtained for the first time. The
obtained results showed that the main flow of irrigation water in the process of
its movement has the trajectory of a downward curve, originating directly from
the simulator of horizontal well, then passing at an angle the whole considered
area of the slope, and ending at its lower boundary.
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