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Abstract 

River water flowing in mountainous areas are characterized by significant seasonal 

changes due to spring and autumn floods, making their efficient use difficult. Fountain wells 

increase total water consumption by providing water not only for irrigation but also for drinking 

and household needs. It is known that in many countries the use of water comes from 

groundwater basins, into which, in addition to atmospheric precipitation, river runoff is forcibly 

directed. In flat places, these activities require large financial costs both for water purification 

and for injection into underground reservoirs. Mountainous areas have high water quality 

indicators. In addition, natural relief differences make it possible to pump large volumes of 

fresh water into the underground basin without the use of pumping stations. The volume of 

water injected into underground aquifers is determined by the pipeline's water pressure, the 

filtration properties of the aquifers, the number of wells, the distance between them, and other 

factors. Based on comparisons of the calculated data on water consumption according to 

different empirical formulas, which showed close results, the mentioned researchers were given 

reason to believe that these formulas can be trusted. The authors of this paper consider  the use 

of empirical formulae for calculating the replenishment flow rate of an artesian basin is 

inappropriate, because of the large risk of distorting the real picture. Based on the fundamentals 

of technical hydromechanics a method for hydraulic calculation of the distribution of flow rates 

in absorbing wells has been proposed 

 

Keywords: underground water basin, artificial recharge, absorbing borehole, river 

streams regulation, reservoir 

 

Introduction 

Accumulation of significant volumes of water runoff in reservoirs in complex 

hydrogeological conditions requires not only large investments in construction, but also in 

water transportation to the consumer, which is fraught with significant filtration losses. Tatevik 

Yedoyan et al. show that artificial replenishment of the Ararat artesian basin with water in an 

underground basin is possible and profitable [1]. 

The global freshwater deficit is expanding faster than predicted at the turn of the century. 

Water scarcity has already become an urgent issue for more than 40% of the world's population. 

There is a good chance that the situation will deteriorate. Currently, 1.7 billion people live in 

river basins where the demand for water far outstrips the river's ability to purify itself. resource 

and the inefficiency with which it is used [2, 3]. More than 80 percent of the world's wastewater 

is discharged untreated into rivers or seas. Ensuring sanitation, hygiene and a sustainable supply 

of clean drinking water has become imperative in the fight against the COVID-19 pandemic. 

Regular hand washing is one of the most effective actions a person can take to reduce the spread 

of germs and prevent infections. When discussing the issues of water resource management, it 

should also be taken into account that significant climate changes are also already present in 

the South Caucasus region. In particular, the average annual temperature increase in the eastern 

regions of Armenia during the last 50 years was 1.3°C, and the average monthly  temperature 

increase reaches 3.2°C [4, 5]. In many countries of the world, these indicators are much more 

worrying. Because the existence of both human society and flora and fauna is dependent on this 
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unique resource, fresh water has become a symbol of the concept of "life" in the modern world. 

However, as a study of indicators of fresh water resource use in individual countries and regions 

of the world reveals, the specific volumes of water use vary greatly, indicating a lack of 

socioeconomic tools for this resource and a low efficiency of its use [1, 2].  

During periods of low water demand, there is a problem of storage of excess fresh water, 

which during the last two centuries has been mainly done by $3.5. It is not possible to effectively 

solve the issue of filtration prevention in many reservoir bowls. Although a number of effective 

technologies for implementing anti-filtration measures have been developed in recent years, 

their widespread application necessitates long-term experimental research, and the problem will 

remain unresolved for a long time [6, 7].  

In addition to these open water ecosystems, there is a decrease in the amount of stored 

water due to evaporation. The construction of reservoirs also raises a number of other problems: 

seismic risks increase, the consequences of a possible collapse of the dam can lead to major 

humanitarian disasters. It should also be noted that over the years, the reservoirs are filled with 

sediments, which, mainly being installed in the useful volume, continuously reduce the 

possibility of regularization of the structure [8].  

The possibility of storing storm water in underground basins has received a lot of 

attention in recent years. In a number of countries, where reservoir construction is technically 

difficult and inefficient, and the hydraulic structure system lacks the capacity to store the 

required water, special wells are built for this purpose, primarily in decommissioned mines. 

Tests of constructed wells have shown that there are large differences in the hydraulic 

parameters of the well between pumping and recharging wells, because such wells are 

frequently blocked [9].  

Recharge schemes for the various managed deep aquifers are varied. They are mainly 

used in developed countries for various purposes, but until now there is no systematic 

classification and collection of data about them [10]. 

The goals of underground water artificial storage are the following [11]: 

▪ to increase the usable water balance; 

▪ improve water quality in aquifers; 

▪ use aquifers for seasonal storage; 

▪ store excess water during periods of low water demand. 

Studies show that in wells where water is injected from aquifer-rich coastal aquifers, 

absorption capacity drops by up to one-third during the season. Experiments have shown that 

dual-purpose wells work more efficiently than single-purpose injection wells because it is 

relatively easy to wash wells of solid and organic contaminants in dual-purpose wells. 

However, the main disadvantage of using wells for water storage is the low injection 

rate and the need for multiple recharge wells when the total volume of water to be injected is 

large. However, it should also be noted that interest in artificial storage of water in underground 

basins has increased in response to a decrease in the level of groundwater, an increase in the 

pollution and vulnerability of surface water, the opposition of a number of environmental 

factors to dependence on surface water resources, and other reasons [10, 12, 13]. 

Artificial storage of water in underground basins also requires that there is a flow in the 

aquifer or that it has a sufficiently large volume [14]. 
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During the artificial storage of water in underground basins, water quality deterioration 

may also occur, affecting the quality recovery processes of the injected water [15]. In this 

regard, for artificial storage of water in underground basins, it is preferable to use those 

boreholes that have been used for irrigation, fish farming or other purposes of groundwater 

abstraction. There are many such preserved or partially used boreholes in Armenia, particularly 

in the Ararat Plain. 

 

Conflict setting  

The purpose of this work is to develop a universal hydraulic system  providing the 

transfer of storm water to underground basins, and in the period of water shortage, to the water 

intake through the existing deep wells.  

Using the methods of technical hydromechanics, the problem is to obtain a calculation 

scheme for the determination of flows transported by deep wells to underground basins. 

 

Research Results 

Consider the calculation schemes for two and three absorption wells to obtain a 

theoretical general solution. The first calculation scheme consists of an above-ground basin, a 

main pipeline AB, a distribution pipe BC, units B and C, and a number of two vertical pipes 

that supply water to the underground artesian basin (Fig.1).  

 
Fig. 1 Calculation scheme of two absorption wells 

1 – ground basin, 2 – piezometer, 3 – distribution pipe, 

4 – deep well, 5 – underground basin, 6 – highway pipe 
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Piezometers are placed at the unit points, which determine the pressure levels in the 

underground basin. The energy losses in the above-ground pool, main pipe, distribution pipe 

and delivery pipe system are determined by the well-known Shezi formula: Piezometers are 

placed at the unit points, which determine the pressure levels in the underground basin. The 

energy losses in the above-ground pool, main pipe, distribution pipe and delivery pipe system 

are determined by the well-known Shezi formula:  ℎ𝑤 = 𝑆𝑄2.  

The pressure at unit B will be 

𝑦𝐵 = 𝛻0 − ∇𝐵 − 𝑆𝑄
2,      (1) 

where S is the hydraulic resistance of the pipe AB, which is determined depending on the length 

and diameter of the pipe, Q is the discharge established in the pipe AB,  ∇0,∇B are the geometric 

characters of the above-ground reservoir and unit B, respectively, yB- where B is the pressure 

at the unit. 

In the underground basin, let's denote the mark of piezometric height in the vertical 

pipe descending from unit B as ∇1, the flow: Q1, the hydraulic resistance of the pipe S1. For 

the pipe descending from unit C, these parameters will be: ∇2,Q2,S2, respectively. 

The flow Q1 in the vertical pipe descending from unit B will be determined by the 

following formula 

  

𝑦𝐵 + ∇𝐵 − ∇1= 𝑆1𝑄1
2,      (2) 

 

The pressure at unit C will be: 

 

𝑦𝐶 = 𝑦𝐵 − (𝛻𝐶 − ∇𝐵) − 𝑆𝐵𝐶𝑄𝐵𝐶
2,             (3) 

 

where SBC is the hydraulic resistance in the pipe BC, QBC is the flow through the pipe BC, 

∇C is the geometric character of the unit C, yC is the pressure at the unit C which will be less 

than the pressure at the unit B  SBC QBC2 in size. 

If the system consists of two branches, the flow from the external pool will be equal to 

the sum of the flow rates Q1 and Q2 in the vertical pipe descending from units B and C 

 

𝑄𝐵𝐶 = 𝑄2 = 𝑄 − 𝑄1            (4) 

 

 The flow Q2 in the vertical pipe descending from unit C will be determined from the 

following equation 

 

𝑦𝐶 + ∇𝐶 − ∇2= 𝑆2𝑄2
2.                                                                 (5) 

 

 Thus, the system of equations (1)...(5) is closed, and the unknowns Q,Q1,Q2, yB,yC 

are determined uniformly. 

Suppose B unit feeds three deep wells (Fig.2). 
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Fig. 2 Calculation scheme of the three absorbing wells 

 

In this case, the calculation equation system consists of seven equations. 

 

{
 
 
 

 
 
 

𝑦𝐵 = 𝛻0 − ∇𝐵 − 𝑆𝑄
2,

𝑦𝐵 + ∇𝐵 − ∇1= 𝑆1𝑄1
2

𝑦𝐶 = 𝑦𝐵 − (∇𝐶 − ∇𝐵) − 𝑆𝐵𝐶𝑄𝐵𝐶
2

𝑦𝐶 = (∇2 − ∇𝐶) + 𝑆2𝑄2
2

𝑦𝐶 = (∇2 − ∇𝐶) + 𝑆2𝑄2
2

𝑦𝐷 = (∇3 − ∇𝐷) + 𝑆3𝑄3
2

Q = 𝑄1 + 𝑄2 + 𝑄3

        (6) 

 

System blockages may necessitate the need to protect pipelines from short-term 

impact forces caused by non-stationary hydraulic regimes. It is proposed that the distribution 

pipes be equipped with a vent and a universal ventilation device to establish an accounting 

mode in the system. The system of equations contains 2n+1 equations if the surface basin is 

fed by n wells, each with its own distribution pipe (Fig.3). 
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It is recommended that the discharge from the catch basin to the underground basin 

be distributed from a single unit (for example, unit B). Water is supplied from the selected 

unit to existing deep wells that have been decommissioned or are partially operational via 

pipes buried deeper than the freezing mark. 

 

Fig. 3 Calculation scheme of the absorption well with n number 

1-7 appointments see in Fig.1, 8- water collection well, 

9- submersible pump, 10- revers,   11 – valve 

 

  It is recommended that the discharge from the catch basin to the underground basin be 

distributed from a single unit (for example, unit B). Water is supplied from the selected unit to 

existing deep wells that have been decommissioned or are partially operational via pipes 

buried deeper than the freezing mark. 

 The proposed outlet distribution scheme allows for the storage of abundant spring flows 

through a deep well in the underground basin and the use of the accumulated water in times of 

water scarcity. In other words, the deep well serves two purposes throughout the year: first as 

an accumulator, then as a feeder. 

 

Conclusions 

1. The magnitudes of flow transported by deep wells to underground basins are determined 

by the surface basin's character, the underground basin's piezometric heights, and the geometric 

and hydraulic parameters of the pipelines. 

2. The proposed hydraulic system assumes underground basin storage during periods of 

flooding and water intake during periods of water deficit. 
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3. In order to put these conclusions into action, at least one nearby well must be outfitted 

with a submersible pump. The water will be pumped into the above-ground basin in this manner 

using the same delivery main pipe. At the same time, all distribution pipe inlet valves are closed, 

with the exception of the valve on the distribution pipe of the pump equipped with a pump. To 

prevent reverse water movement in the event of an emergency power failure of the pump's 

electric motor, the given push pipe is equipped with a reverse valve. 
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ГИДРАВЛИЧЕСКИЙ РАСЧЕТ ИСКУССТВЕННОГО ПОПОЛНЕНИЯ ВОДНЫХ 

РЕСУРСОВ АРТЕЗИАНСКОГО БАССЕЙНА В УСЛОВИЯХ ГОРНОГО РЕЛЬЕФА 

 

А.Я. Маргарян1, Д.Г. Григорян2, А.А. Вартанян3  

Э.В. Аванесян2, Г.А. Мартиросян1, В.О. Токмаджян1  
1Институт водных проблем и гидротехники им. акад. И.В.Егиазарова 
2Национальный университет архитектуры и строительства Армении 
3Московский государственный университет им. М.Ломоносова 

 

Речной сток в горных районах характеризуется значительными сезонными изменениями, 

связанными с весенними и осенними паводками, что затрудняет его эффективное использование. 

Наличие фонтанных скважин увеличивает общее водопотребление, обеспечивая водой не только 

орошение, но и питьевые и хозяйственно-бытовые нужды. Известно, что во многих странах вода 

используется из подземных бассейнов, куда, помимо атмосферных осадков, принудительно 

направляется речной сток. На равнинных участках эти работы требуют больших финансовых 

затрат как на очистку воды, так и на закачку в подземные резервуары. Горные районы 

характеризуются высокими показателями качества воды. Кроме того, естественные различия 

отметок рельефа позволяют закачивать большие объемы пресной воды в подземный бассейн без 

использования насосных станций. Объем воды, закачиваемой в подземные водоносные 

горизонты, определяется напором воды в трубопроводе, фильтрационными свойствами 

водоносных горизонтов, количеством скважин, расстоянием между ними и другими факторами. 

Сравнение расчетных данных по различным эмпирическим формулам, показавшее близкие 

результаты, дало упомянутым исследователям основания полагать, что этим формулам можно 

доверять. Авторы статьи считают использование эмпирических формул для расчета дебита 

восполнения артезианского бассейна нецелесообразным ввиду большого риска искажения 

реальной картины. На основе теории технической гидромеханики предложен метод 

гидравлического расчета распределения дебитов в поглощающих скважинах.  

 

Ключевые слова: подземный бассейн, искусственное пополнение, поглощающая 

скважина, регулирование речных потоков, водохранилище. 
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