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Abstract. The article is devoted to the reconstruction of existing old 
drainage systems in order to radically improve the reclamation ecological 
and sanitary conditions of the lands of the Jizzakh region to improve the 
social conditions of the population and obtain high stable yields of cotton 
and other agricultural crops. As a result of many years of theoretical and 
irrigation to experimental research, operational monitoring in farms in the 
Pakhtakor district of Jizzakh region. The parameters of the primary 
horizontal drain are determined based on the analysis of reclamation 
climatic, soil, geological, hydrogeological, hydrological, economic, and 
other conditions. The calculation of the reconstruction of horizontal closed 
drainage is based on the method of A.N. Kostyakov in intensity from 
working the groundwater level after flushing. The depth of the drainage 
was determined, taking into account global climate change in recent years; 
based on these changes, an adjustment was made in the calculations to 
determine the value of the critical depths of groundwater during the 
operation of drainage systems. The incoming and outgoing parts of the 
water balance of the experimental plots were determined. In the presence 
of pressure groundwater, the size of the supply of groundwater with 
pressure water is determined. More proposed by the V.N. Shestakov's 
formula. 

1 Introduction 

By its rich natural, land, water, geographical, biological, labor resources, the Jizzakh region 
is one of the promising regions of the republic. The work introduces innovative advanced 
equipment and technology methods for irrigation and land reclamation construction, 
including on saline lands, reconstruction of closed horizontal primary drains. Much is being 
done on their reconstruction; it is necessary to carry out the reconstruction completely 
based on scientifically practical sound recommendations and best practices of the 
developed countries of the World: the USA, Israel, Spain, China, Russia, etc. [1-4]. 

We did theoretical field experimental and operational research monitoring in the farms 
of the Pakhtakor region in 2016-2019 years on the radical improvement of the reclamation 
state of irrigated land. According to the State Plans (2008-2012), (2013-2017), and (2018-
2021). Tremendous work has been done to fundamentally improve the reclamation state of 
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the land, including the reconstruction of old existing irrigation and collector-drainage 
systems. According to the adopted strategic plan for the development of the national 
economy of the Republic of Uzbekistan for the period 2019-2023, large-scale work on 
these problems is planned in the future. The territory of the research object is located on the 
lands of the farm "The idea of a mountain" of the Pakhtakor district in the Jizzakh region of 
Uzbekistan. The relief of the experimental plot is flat, and the surface slope is i = 0.003-
0.004, the soil is heavily loamy, the bulk mass is 1.4-1.46 t/m3, medium and highly saline. 
The depth of groundwater throughout the year ranges from 3.0-3.4 m, and their degree of 
mineralization is 3.1-3.8 g/l [1-6]. 

In terms of its climatic, soil, geological, hydrogeological, hydrological, and economic 
conditions, the experimental site is typical of the Pakhtakor district of the region under 
consideration. Typicality is determined by the method of V.V.Shyabanova and 
E.P.Rudachenk [1, 2, 3, 7, 8] 

 

2 Methods. 

The main methodological provisions are based on theoretical and field experimental studies 
of TIIAME, RIIVP, and ARRIHELR named after A.N.Kostyukov, Moscow State Agrarian 
University named after K.A.Timiryazev, Tashkent State Agrarian University. The results 
obtained and their reliability are determined by the method of prof. B.A. Dospexov [1, 2, 3, 
9, 10, 11]. 

Currently, the irrigation area in the region – 300 hectares, 230 hectares are saline to 
varying degrees, of which the area of highly saline lands is 175,602 hectares, medium 
saline lands - 49,993 hectares, lightly saline lands – 4,830 hectares. The technical condition 
of the closed and requiring drainage reconstruction in the region as of January 1, 2019, in 
the administrative regions is given in Table 1. 

Table 1. Technical condition and requiring reconstruction of closed drains in the administrative 
districts of the Jizzakh region (According to the Syrdarya - Zarafshan BMIS) 

 
 

  

№  
Regions 

 
Total 

length, km 

Technical condition Requiring 
reconstruction 

Work, km Do not 
work, km 

Partial, 
km 

Completel
y, km 

1 Arnasay 1796.54 711.1 1085.44 993.38 92.06 
2 Sh. Rashidob 594.96 379.56 215.4 184.63 30.77 
3 Do’stlik 1867.6 929.1 938.41 780.41 158 
4 Zamin 595.2 362.448 232.752 195.15 37.6 
5 Zafarobod 1785.3 543.7 1242 1091.9 150.1 
6 Pakhtakor 1796.5 892.9 903.6 903.6 - 
7 Mirzachol 1662.3 742.8 919.5 670.7 248.8 
8 Forish 135.4 21.4 114 10.1 103.9 
9 Zarbdor 3002.3 543.7 1848.3   

By area 13236.5 5737.10 7499.9 6678.17 821.23 
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The calculation of horizontal drainage consists of establishing the depth of the drainage, 
determining the inter-drainage distances, and the drainage module (l/s) from one ha of the 
drainage area [12-16]. 

The calculation of the reconstruction of horizontal drainage is carried out by various 
methods. The main ones are the following: 
1. Method for calculating drainage by intensity (speed) of depletion of the groundwater 

level after flushing irrigation (according to A.N.Kostyukov); 
2. The method of calculating drainage in an unsteady mode of operation (according to 

S.F.Averyanov); 
3. The method of calculating drainage by their continuous operation based on the water 

balance equation of the drained territory (according to A.P.Vavilov). 
The depth of drainage for plain and salinized lands is determined by the formula: 

 
𝑡𝑡𝑑𝑑𝑑𝑑 = Н𝑑𝑑𝑑𝑑 + Н𝑚𝑚𝑚𝑚𝑚𝑚 + ℎо  

 
Where: 𝑡𝑡𝑑𝑑𝑑𝑑 is horizontal drainage depth, m; Н𝑑𝑑𝑑𝑑 is drainage rate or critical groundwater 
depth, m; Н𝑚𝑚𝑚𝑚𝑚𝑚 is final (residual) head, m; ℎо is water filling depth, m. 

The drainage rate is the minimum depth of groundwater at which there will be no 
salinization, and it depends on plants (cereals, alfalfa, and cotton), capillary, and water-
physical properties of the soil and climatic conditions [17-26]. 

Depending on the climatic conditions of the area, the climatic depth of groundwater 
(Нcr) is determined by the formula of V.A.Kovda: 
 

Н𝑐𝑐𝑑𝑑 = 170 + 8 𝑡𝑡 ± 15   𝑠𝑠𝑠𝑠 
 
Where: t is average annual air temperature, oС. 

3 Result and Discussion 

Determination of the load on the drainage. The drainage load is determined from the water 
balance level. The parameters of constant horizontal drainage are calculated for the average 
annual load of the operating period. To determine the load on the drainage in the considered 
farm, laid out in the soil-climatic zone, where groundwater has infiltration and pressure 
feed. 

Groundwater supply intensity is determined by the formula: 
 

𝑞𝑞 = А𝐼𝐼 + В + С + Ф− Т𝑑𝑑 
 
Where: 10·h, is atmosphere precipitation, m3/ha; 

h1 is amount of precipitation (in mm) is taken according to the weather station 
В is the amount of water supplied per ha of irrigated area is determined by the formula: 
 

В = 𝑀𝑀1
𝜔𝜔0
𝜔𝜔𝑣𝑣

,𝑠𝑠3/ℎа 

 
Where: 𝑀𝑀1 is averaged estimated irrigation rate of irrigation of crops cultivated on the main 
crop rotation massifs of the economy; 𝜔𝜔0 is irrigated area of the farm in a given year, ha; 
𝜔𝜔𝑣𝑣 is total area of the farm in a given year, ha; С is the volume of wash water is determined 
by the formula:  
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С = 𝑀𝑀𝑚𝑚𝑚𝑚
𝜔𝜔𝑚𝑚𝑚𝑚
𝜔𝜔𝑣𝑣

,𝑚𝑚3/ℎа 

 
Where: 𝑀𝑀𝑚𝑚𝑚𝑚 is average flushing rate, 𝑚𝑚3/ℎа; 

𝜔𝜔𝑚𝑚𝑚𝑚 is averaged leaching rate land area of the holding to be flushed in a given year, ha;  
F is water loss from the irrigation network of the farm, calculated by the formula:  

 
F=(В+С) (I-𝜋𝜋𝑤𝑤/𝑓𝑓𝑚𝑚) m3/hа 

 
Where: B + C is the sum of the irrigation and leaching rate supplied to the irrigated area of 
the farm in this reptile, m3/ha; I-π(w/fm) is the proportion of water losses in the on-farm 
network; π(w/fm) is the efficiency of the on-farm network (efficiency) in the channel channels 
using closed pipelines and flexible hoses: 
 

𝜋𝜋𝑤𝑤/𝑓𝑓𝑚𝑚 = 0.83 ÷ 0.89 
 

Тр is water consumption for total evaporation, consisting of two components: 
I / evaporation of precipitation, determined by the formula:  
 

𝑈𝑈𝐼𝐼 = 𝑛𝑛𝐼𝐼(2.5𝑡𝑡 + 4) 
 

Where: 𝑛𝑛𝐼𝐼  is the number of days with precipitation per year, according to the weather 
station; t is average daily air temperature at the massif for the period (according to weather 
stations), oС. 

2 is transpiration of plants and evaporation from irrigated lands of the economy, 
determined by the formula  

 
𝑈𝑈2 = 𝑛𝑛2 · 𝐿𝐿2 𝑡𝑡 𝜔𝜔0

𝜔𝜔𝑣𝑣
 

 
where: n2 is the number of days in the balance sheet period; 

L2 is evaporation module, m3 ha per day at IoС from irrigated lands; 
L2 = 2-2.4 m3 / ha IoС - in fields with good productivity with sufficient irrigation. 
The formula is used to determine evaporation and transpiration from areas where 

groundwater is deposited on coarse up to 3 m 
 

𝑈𝑈3 = 𝑛𝑛2 · 𝐿𝐿3 𝑡𝑡 𝜔𝜔с
𝜔𝜔𝑣𝑣

 

 
Where: 𝐿𝐿3 is specific evaporation (m3/ha per day at IoС) for lands where groundwater is at a 
depth of 0.5-3m;  
 

𝐿𝐿3 = 2.5 (𝐼𝐼 − 𝑍𝑍
𝑓𝑓)𝑚𝑚

3/ℎа 

 
𝜔𝜔с is land area of the farm with shallow groundwater, ha; 𝑍𝑍 is groundwater depth, m; 
𝑓𝑓is height of capillary rise, equal to loamy soils 3 m. 

After determining the incoming and outgoing part of the water balance, their values are 
summed up and the intensity of groundwater supply to surface waters is calculated: 
 

𝑞𝑞 = А𝐼𝐼 + В + С + 𝐹𝐹 − Т𝑟𝑟
365 · 10000 , m/day  
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𝑞𝑞 = А𝐼𝐼 + В + С + 𝐹𝐹 − Т𝑟𝑟
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Where: 365 is number of days in a year; 

In the presence of pressure water, groundwater is fed by water flow from the lower 
pressure layer. In these cases, the nutrition of groundwater with pressure water is taken into 
account, which is determined by the dependence: 

 
Р = [𝐾𝐾2Т2

(ℎ − 𝐻𝐻)] · 365 · 10000,𝑚𝑚3/ℎа  
 

Where: 𝐾𝐾2 is the filtration coefficient of the lower poorly permeable soil layer, m/day; 
Т2 is soil thickness, m; ℎ is groundwater level from the earth's surface, m; Н is piezo 

metric pressure water level, m. 
Groundwater supply intensity: 
 

𝑞𝑞1 = Р
365 · 10000 ,𝑚𝑚/𝑑𝑑𝑑𝑑𝑑𝑑. 

 
The total load on the drainage is q+Р, m3/hа. 
The intensity of groundwater supply to surface and pressure waters is q+q1, m/day. 
The distance between drains for the first calculation scheme can be determined by the 

formula of V.N.Shestakov: 
 

В = [√𝛼𝛼𝑛𝑛𝑛𝑛2 + ТН
2𝑔𝑔 𝛼𝛼𝑛𝑛𝑛𝑛] ,𝑚𝑚 

 

4 CONCLUSION 

From the irrigated area of the Jizzakh, 230 m/hectare are saline, including the area on the 
slightly saline is 48.3 m/hectare - on the medium saline is on the strongly saline is 49,95 
m/hectare. 

Based on the water balance of the experimental plot, the amount of water supply (for 
irrigation and leaching of saline lands) averaged over the years of the study -7640 m3/ha. 
The depth of the drainage – Hdr = 3.5m, the distance between the drains –B = 159.4 – 150 
m. 

Based on the results of the hydraulic calculation study, it was selected the standard 
diameters for the drain, and the drain are – 100mm and 300mm, respectively. The speed of 
the water in the drain, when it works in full cross-section, was equal to ϑfac = 0.27≥0.2 m/s. 
These parameters of drains fully ensured a radical improvement in the reclamation state of 
the lands of the experimental plot 
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