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OPTIMIZATION OF CHEMICAL TECHNOLOGICAL PROCESSES
IN THE REHABILITATION OF COLLECTOR-DRAINAGE
SYSTEMS IN THE SALYAN-MUGAN AREA

Abstract. This study investigated the technical condition, operational problems and
engineering-hydrotechnical bases for their rehabilitation of collector-drainage systems
located in the Salyan-Mugan plain zone of Azerbaijan. As a result of field observations,
hydrogeological analyses and modelling, it was determined that most of the drainage
systems were built in the 1970s-1980s, but as a result of poor maintenance in recent
decades, their hydraulic permeability has decreased by 40-60%. Calculations based on the
Darcy, Hooghoudt and Ernst models showed that for the efficient operation of drainage
systems, the depth of drain pipes should be 2.3-2.5 m, and the spacing should be 65-80 m.
As a result of the rehabilitation works, the level of soil salinization decreased by 22-27%,
and crop productivity increased by 30% within 5 years. Studies have shown that the
renovation of drainage systems in the Salyan-Mugan plain is of strategic importance for
regulating the region's water balance, preserving soil fertility, and adapting to climate
change.

Keywords: Salyan, Mughan, drainage, land reclamation, soil salinity, Darcy’s law,
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Introduction. The Salyan-Mugan plain, located in the southeast of
Azerbaijan, is one of the most important agricultural regions of the country. This
area is located along the left bank of the Kura River, between the Neftchala and
Bilasuvar districts, and covers an area of more than 1,600 km?. The area is
dominated by brown soils and gray-brown alluvial soils. Agricultural productivity
in the Salyan and Mughan zones directly depends on the water-salt balance of the
soil. Over the past 40 years, as a result of the expansion of irrigation systems in the
region and the deterioration of collector-drainage facilities, the groundwater level
has risen by an average of 1.5-2.0 meters, and soil salinity has increased to 3.5-4.2
g/l in some areas. This situation has led to both a decrease in soil fertility and a
disruption of the ecological balance. Field studies conducted around the villages of
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Garagashly, Chukhanly, Shorsulu and Hashimkhanly in the Salyan district show
that the groundwater level has approached the surface by up to 1.2 m in some
points. This leads to the capillary transport of salt to the root zone of plants. The
purpose of the article is to develop scientifically substantiated proposals for the
restoration of collector-drainage systems, optimization of their hydraulic
parameters and restoration of soil fertility. The relevance of the study is also that
the Salyan-Mugan plain has been identified as a priority area in the food security
strategy of Azerbaijan, and the sustainability of land reclamation systems here is a
key factor ensuring the sustainability of agricultural production.

Materials and methods. The study was conducted in 5 main observation
areas of the Salyan-Mughan plain: Garagashly, Chukhanly, Shorsulu, Ashagi
Kurkend and Hashimkhanly. The groundwater level, soil filtration coefficient and
salinity were measured in 3 wells in each area. In addition, the hydraulic
parameters of the Main Mughan collector and the Garagashly main drain line were
determined on site. The initial data were compared with the reports of the Agro-
Amelioration Center and the Melioration and Water Management OJSC for 2015—
2024. MODFLOW and Excel hydraulic network modules were used for hydraulic
modeling.

Hydraulic flow modeling (Darcy’s law)

The calculations were made based on Darcy’s law:

here Q — drainage flow (m?/s), k — soil filtration coefficient (m/s), i — hydraulic
gradient (m/m), A — drainage surface area (m?).

Due to the clay-sand composition of the soil type in the Garagashli area, the
filtration coefficient k = 0.00065 m/s was adopted. The hydraulic gradienti =
0.0035, and the drain surface A = 1200 m2. Q = 0.00065 x 0.0035 x 1200 = 2.73 x
1073 m?%/s

This result shows that the flow capacity of the drain pipe under the current
conditions is 0.0027 m?/s.

Drain spacing and depth calculation (Hooghoudt model)

The Hooghoudt equation is used to determine the effective spacing of the
drain:

I = ’SkD(H—h)
q

here L — drain distance between drains (m), D — drain depth (m), H — groundwater
level (m), h —level below drain (m), q — water flow per unit drain line (m*/s-m).

Example for the Salyan—Chukhanli sector: k = 0.0009 m/s, D =2.3 m, H-h =
1.1 m, q=0.0025 m*/s'm, L = \/(8 % 0.0009 x 2.3 x1.1/0.0025)=73.1m

Thus, the optimal distance between drains should be considered in the range
of 70-75 m.

Filtration flow and level stabilization (Ernst model)

The Ernst equation is applied to determine the groundwater level recovery
period and the transition of drainage flow to a steady state:

k-ky,

= i A
k +k,

Q

here k — horizontal filtration coefficient, k, — vertical filtration coefficient.
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If kn = 0.0011 m/s, ky = 0.0006 m/s, i = 0.004, A = 1300 m* Q = (0.0011 x
0.0006 / 0.0017) x 0.004 x 1300 =2.02 x 1073 m%/s

This indicates a stable flow capacity of the drainage system. According to
the calculation, the water level drops by 0.75 m in 10 days.

Table 1
Exemplary indicators
Area Filtration Groundwater | Salinity Flow Drain
coefficient level (m) (o) (m?/s) distance
(mfs) (m)
Karagashly 0.00065 1.6 2.9 0.0027 70
Chukhanli 0.0009 1.8 2.4 0.0031 73
Shorsulu 0.00055 14 3.2 0.0022 68
Hashimkhanli 0.0011 1.9 2.1 0.0036 75
Lower Kurkand 0.0008 1.7 2.6 0.0029 72

Research results and discussion. Hydraulic calculations and field studies
conducted in the Salyan-Mughan plain have shown that 40-60% of drainage
networks are not in efficient operation due to sediment and silt accumulation. As a
result of rehabilitation works (mechanical cleaning, new pipelines, optimization of
drain depth), the hydraulic permeability coefficient has increased from an average
of 0.65t0 0.87.

Table 2
Hydraulic efficiency assessment
Indicator Before restoration After recovery Change (%)
Filtration coefficient 0.00065 0.0009 +38%
(m/s)
Flow volume (m?%/s) 0.0027 0.0036 +33%
Groundwater level 1.4 1.9 +0.5 m decrease
(m)
Soil salinity (g/l) 3.1 2.3 —26%

Soil fertility and productivity indicators

Agrotechnical measurements have shown that efficient drainage reduces the
electrical conductivity (EC) of the soil from 2.8-3.0 dS/m to 1.9-2.1 dS/m. This
prevents the accumulation of salts in the root zone of plants. As a result, the
average 5-year yield increase for the main crops planted was as follows:

Table 3
Average 5-year yield increase of main crops
Plant type Before (s/ha) Then (s/he) Growth (%)
Wheat 27 34 +26%
Clover 52 65 +25%
Cotton 18 24 +33%

Economic efficiency.Economic analysis of the restoration work showed that
the cost of renewing drainage lines per hectare is approximately 2600 AZN.
However, as a result of increased productivity and reduced salinity, this investment
will fully pay for itself within 4-5 years. In addition, due to the improvement of the
ecological quality of the soil, it is possible to change crop rotation, which will
result in an additional 8-10% increase in income.
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The overall efficiency coefficient (1) = (Q: — Qo) / Qo x 100% = (0.0036 —
0.0027) / 0.0027 x 100 = 33.3%. That is, the hydraulic efficiency of the drainage
system has increased by 33%. The restoration of drainage systems in the Salyan-
Mughan region is not only economically important, but also ecologically
important. Soil salinity has decreased by 22-27%, the groundwater level has
decreased by 0.6-0.8 m, and the area of wetlands along the Kura River has
decreased by 18%. Areas unsuitable for crop rotation have become available for
reuse. These indicators indicate the potential for ecological restoration and ensure
long-term stability of the region's water balance.

The analysis of the results shows that physical restoration alone is not
enough for sustainable management of drainage systems. In this area, intelligent
monitoring systems, automatic water flow control, and GIS-based data analysis are
necessary. Only in this case can changes in hydraulic regimes be monitored
promptly and soil salinization can be prevented in a timely manner. Experience
shows that the application of the Salyan—-Mughan model to other regions, for
example, the Mil and Karabakh plains, can also yield real results.

Conclusion and Recommendations. The results of the conducted studies
show that the restoration of collector-drainage systems in the Salyan-Mughan plain
has high efficiency from both hydrotechnical, ecological and economic points of
view. The hydraulic efficiency of the drainage flow increased by an average of
339% after restoration, the flow volume increased from 0.0027 m?3/s to 0.0036 m?/s.
Soil salinity indicators decreased from 3.1 g/l to 2.3 ¢/l, and the groundwater level
decreased by an average of 0.6-0.8 m. Crop productivity increased by an average
of 30% over 5 years, and a 25-33% increase was recorded in wheat and cotton
crops. As a result of the application of the Hooghoudt and Ernst models, the
optimal distance between drains was considered to be 70-75 meters, and the drain
depth was considered effective in the range of 2.3-2.5 meters. The soil-water
balance in the area was restored, and the area of wetlands decreased by 18%.

The analysis of the condition of collector-drainage systems in the Salyan-
Mugan region has made it possible to develop a set of practical measures aimed at
their effective rehabilitation and sustainable operation. The main directions
include:

- Phased restoration of infrastructure, involving the sequential rehabilitation
of collector-drainage lines and mechanical cleaning of pipelines from silt deposits
to restore their capacity.

- Modernization of the pipeline network through the replacement of outdated
elements with modern PVC pipes, which offer high resistance to corrosion and
mechanical stress.

- Monitoring of hydrogeological parameters using smart sensors and
telemetry systems for real-time control of groundwater levels.

- Integration of management systems through the application of GIS
technologies to optimize the interaction between drainage and irrigation systems.

- Capacity building and creation of monitoring networks, including the
organization of educational programs on land reclamation and the establishment of
regional information networks for agricultural producers.

- Ecological water quality control through regular analysis of salinity levels
in the coastal drainage flow of the Kura River to prevent ecosystem degradation.

The implementation of these recommendations will ensure the restoration of
the hydraulic functionality of the systems, the integration of modern chemical-
technological solutions, and the enhancement of the sustainability of agricultural
production in the region.
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M.C. 3ap6anues?, A.A. Capuesa’
133epbatincaH caynem xcaHe Kypbiabic yHusepcumemi, baxy, d3epbalixaH

CANbAH-MYFAH AUMAFbIHAAFbI KONNEKTOP/IbIK-APEHANABIK, XKYAENEPAI
KANMNbIHA KENTIPY BAPBICbIHAA XUMUANDBIK-TEXHONOTUANDIK YPOICTEPAI
OHTAWNAHAbLIPY

AHpaTna. byn 3epTTeyae 93epbaiirkaHHbIH, CanbAH-MyFaH *KasblfblHAA OpHaNacKaH
KONIEKTOP/IbIK-APEHAKAbIK KYNenepaiH, TEXHUKANbIK Kafaalbl, nanganaHy macenenepi
JKOHe  os1lapAbl  KaAMblHA  KeATipyAiH,  MHXeHepAik-TMAPOTEXHUKANbIK — Herisgepi
KapacTblpblaabl. Jananbik 6akplnaynap, ruaporeosornsablk Tafgaynap *KaHe mogenbaey
HOTUXKECIHAE JApeHaXKAablK KyhenepaiH kKenwiniri 1970-1980 bligapbl cajblHfaHbI
aHbIKTANAbl, aflanfa COHFbl OHMKbINABIKTAPAA MKETKINIKCI3 KbI3MEeT KepceTy cangapbliHaH
oNapablH, rmapasavkanbikK eTkisriwTiri 40—-60%-fa TemeHpgereH. [apcu, Xyrxyar »KoaHe
DPHCT Mogenbaepi HerisiHae XKyprisinreH ecenteynep ApeHaXKAblK XKyhenepaiH Trimai
JKYMbIC icTeyi YWiH ApeHa)kablk KybblpnapabiH TepeHairi 2,3—2,5 M, an apaKallblKTblfbl
65—-80 M 60nybl KepekTiriH KepceTTi. KannbiHa KenTipy KymbICTapbl HaTUXKeciHae
TOMbIPAKTbIH,  Ty3Z4aHy AeHreli 22-27%-fa TeMeHZen, aybin  LWapyalbiablfbl
OAKbINAAPbIHbIH, eHimainiri 5 b iwiHge 30%-fa apTtTol. 3eptreynep CanbAH-MyfaH
YKasbIFbIHAAFbl APEHAXAbIK KYWenepai *KaHfFblpTy alMaKTblH, cy 6anaHCbiH peTTey,
TOMbIPaK KYHap/bl/bIFbIH CaKTay *KoHE KAMMATTbIK e3repictepre benimaeny yuwiH
CTpaTernAnbiK MaHbI3fa Me eKeHiH KepceTTi.

Tipek cesgep: CanbaH, MyfaH, ApeHaX, Menuopauus, TOMbIPaKTbiH, Ty3AaHYybI,
[apcu 3aHpl, TMAPOTEXHMKANBIK MOAENb, TUIMAINIK.
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M.C. 3ap6anues?, A.A. Capuesa’

1AzepbalidraHcKull yHUBEpcUMeEm apXumeKmypbl U cmpoumenscmaa,
baky, AzepbalioncaH

OoNTUMU3ALUNA XUMUKO-TEXHOJTIOTUHECKUX NMPOLIECCOB NMPU PEABU/IUTALUU
KONINEKTOPHO-APEHAXHbIX CUCTEM B CA/IbAH-MYTAHCKOM PAMOHE

AHHOTauMA. B OaHHOM uMCCefOBaHUM PACCMOTPEHO TEXHUYEeCKoe COCTOAHUE,
3KCN/yaTaLMOHHble NPO6aeMbl U UHXEHEPHO-TUAPOTEXHUYECKME OCHOBbI peabunutaumm
KONNEKTOPHO-APEHANKHBIX CUCTEM, PACNONOKEHHbIX B 30HEe CanbAH-MyraHCKON paBHUHbI
AsepbaligaHa. B pesynbTate nonesbix HabAOAEHUN, TMAPOre0NOrMYECKUX aHANN30B U
MOZeNNPOoBaHUA BblI0 YCTAaHOBMEHO, YTO HO/IbLUMHCTBO APEHAXKHbIX CUCTEM MOCTPOEHO B
1970-1980-x rogax, OAHAaKO M3-3a HeAOCTaTOYHOro OOC/AYKMBaHWA B MociefHue
[ecATUNeTMA UX TUAPaBANYECKasa NPOHULAEMOCTb CHM3MNacb Ha 40-60%. Pacyéthl,
BbINOJIHEHHblIE HA OCHOBe Mmogenen [apcu, Xyrxyata v IpHCTa, NOKasaau, 4to Ana
addeKTMBHOM paboTbl ApPEeHAXKHbIX CUCTEM FyOMHA ApeHarKHbIX TPYD A0J/KHA COCTABAATb
2,3-2,5 m, a paccroaHue mexagy Humn - 65-80 m. B pesynbtate npoBeaéHHbIX
peabuanTaumoHHbIX paboT ypoBeHb 3aCOMIEHHOCTM MOYBbl CHU3WACA Ha 22-27%, a
YPOXKalHOCTb CEeNbCKOXO3AMCTBEHHbIX KYNbTyp yBenuuunacb Ha 30% B TeueHue 5 nert.
UccnepoBaHMA NOKasanu, YTo MOAEPHU3ALMA APeHaXKHbIX cuctem Ha CanbaH-MyraHcKom
paBHMHE WMeEeT CTpaTerMyeckoe 3Ha4YeHUe AJNs pPeryiupoBaHua BogHoro 6anaHca
pervoHa, CoxpaHeHMA NA040POAMNA MOYB U a4aNTALLMKN K UBMEHEHUAM KAMMaTa.

KnioueBble cnoBa: CanbaH, MyraHb, ApeHak, MennopaLma, 3acosieHne Nnoys, 3aKoH
[apcu, rmpgpoTexHuyeckan moaenb, 3pPeKTUBHOCTb.
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