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Abstract. The reliability and efficiency of irrigation pumping stations
operation primarily depends on the well-coordinated operation of all
systems. Drainage system should ensure that the building and territory of
the pumping station are not flooded by drainage (filtration) water. At many
pumping stations (especially those with long pressure lines), water jet
pumps are installed as pumps for pumping out drainage water. The
experience of operating such plants has revealed their undeniable
advantages in comparison with conventional vane centrifugal pumps (type
K and D) — sufficient reliability in operation due to the simplicity of the
design, the absence of rubbing parts in the installation, the possibility of
pumping contaminated liquids and the possibility of their use in the
absence of power supply. But with all this, water jet pumps are extremely
low-efficiency. To justify the use of jet pumps, a methodology is needed
that would allow for a comprehensive consideration of all the main factors
that affect their reliability, ease of operation and energy efficiency in the
drainage system. On the example of the pumping station "Kiziltepa-2",
these factors were identified and the energy efficiency of water jet pumps
was calculated. Various applications of jet pumps are considered, and their
efficiency is evaluated.

1 Introduction

Water jet pumps are widely used in the oil and gas industry, energy, construction, transport
and water management [1, 2, 3, 4, 5]. Recent trends are use water-jet pumps in drainage
systems of pumping stations instead of traditional centrifugal pumps (for example, of K
type or submersible type ECV) [4, 5, 6]. Jet pumps are really very simple in design, reliable
in operation and can pump contaminated liquids. But for all that, they have one significant
disadvantage - very low efficiency, incomparable with the efficiency of vane pumps
[7,8,9,10]. Despite numerous studies of working processes [11, 12, 13, 14, 15],
improvement of designs and calculation methods [16, 17, 18], improvement of operating

* Corresponding author: Kan_E1969@email.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 304, 01003 (2021) https://doi.org/10.1051/e3sconf/202130401003
ICECAE 2021

modes and regulation [4, 8, 19], it was not possible to significantly increase the efficiency
of water jet pumps. This factor considerably limits the scope of their application. Therefore,
there is a rule: water-jet pumps are used for tasks that cannot be performed by a vane pump
(self-priming, suppressing cavitation, pumping polluted liquids, etc.). In other cases a vane
pump is used. The use of jet pumps at a particular pumping station must be economically
justified.

Ejector systems are widely used in hydroelectric power plants (HPPs) as pumps for
technical water supply systems [20]. Moreover, in the course of their further operation, it
was calculated that the loss of electricity due to the use of water from the upstream is equal
to the cost of the variant with the use of paddle pumps and the supply of water from the
downstream. And since jet pumps have undeniable advantages in operation (simplicity of
design, reliability in operation, lower operating costs, etc.). The choice of jet pumps in this
case is justified. Both at hydroelectric power stations and at pumping stations, the source of
energy for the operation of jet pumps is water, which in this case is considered as an energy
carrier. In hydroelectric power plants, this energy is a natural renewable energy source.
Therefore, when comparing the options with the use of jet pumps, the case is considered
when this water will pass through a hydraulic unit and will be converted into a useful form
of energy (electric). That is, the energy loss when using jet pumps will be equal to the
amount of this energy minus the losses in the water pipe and the losses in the equipment
(turbine and generator). If the amount of water from the volume intended for idle discharge
from the upstream to the downstream is used, then there will be no energy loss at all.

When installing jet pumps at pumping stations, water in the upstream, in the pressure
pipelines is also considered as an energy carrier. But in this case, the source of this energy
is not natural, but artificial. In fact, this is the energy taken from the power system (taking
into account all the losses during transportation and conversion from electrical to
mechanical, and then to hydraulic). Taking into account the low efficiency of jet
installations, the amount of energy lost can reach significant values and the question of the
use of such installations becomes very controversial.

2 Methods

We will evaluate the economic feasibility of using jet pumps for pumping drainage water at
pumping stations using the example of the Kiziltepa-2 pumping station. The Kiziltepa-2
pumping station is located in the Kizil-Tepa district of Navoi region. The pumping station
has been in operation since 1985 and is part of the Kizil-Tepa district administration of the
Amu-Bukhara Machine Canal [21, 22, 23]. The design mode of operation of the pumping
station is one month (June) with a supply of 38.4 m’/s according to the schedule (24 units in
operation, 2 units in reserve). In recent years, the operating mode has changed and the NS
operates from April to October with a maximum load (up to 23 units) in July-August.

The pumping station is equipped with 26 horizontal pumps of two-way inlet D 6300-80 (24
NDS) driven by synchronous electric motors with a capacity of 2000 kW. The building of
the semi-buried pumping station is divided into two blocks by expansion joints. The total
length of the building is 91.5 m, width is 30.8 m, total height is 19 m, including the
aboveground part-6 m.

The waterproofing underground part includes two pumping rooms, in which 13 units are
installed in a staggered order. The main load-bearing element is a foundation plate with a
thickness of 1.2 m and walls with a thickness of 1.0 m. The pumping rooms are separated
by a concrete monolithic gallery of pressure collectors. In each of the pumping rooms, two
drainage pits are provided, spaced at different ends of the building. The pit floors serve as
entrance and installation platforms. The aboveground part is an industrial building of the
frame type with reinforced concrete wall panels and ribbed slabs, consisting of three spans



E3S Web of Conferences 304, 01003 (2021) https://doi.org/10.1051/e3sconf/202130401003
ICECAE 2021

united by a common roof. Two spans are located above the pumping rooms, the central
span with a width of 6 m is occupied by a gallery of station collectors, a cable half-floor, a
switchgear, a control panel, auxiliary and household rooms. The switchgear is fenced with a
metal grid, the rest of the premises-with brickwork.
The drainage rooms are located at the ends of the machine rooms and are separated from
the pumping room by a low (1.0 m) wall. According to the project, the composition of the
drainage pumps includes 8 pumps 6K-12 with an electric motor A2-62-4, 17 kW, 1450 rpm
and two pumps 8K-18 with an electric motor A2-71-4. 22 kW, 1450 rpm. The pressure
pipes of the drainage pumps are removed to the pre-chamber. The collection and
accumulation of drainage water is produced in special drainage wells. Water gets there
through drainage ditches located around the perimeter of the pumping room.
In addition to the existing electric pumps K 200-125-330, in 2007, the installation of three
water jet pumps in drainage pits No. 1, 2, 3 was completed. The pumps are fed from the
pressure pipeline, take the drainage water from the pit and discharge it into the advance
chamber. The main arguments in favor of this solution were the following: jet pumps have
important advantages for operation because they do not contain moving parts, do not need
an electric drive, are easy to maintain and are practically trouble-free. At the moment, there
is a question of completely replacing the vane pumps with jet pumps.
To assess the cost-effectiveness of using water jet pumps, it is necessary to take into
account all the factors that affect the energy efficiency and reliability of both the individual
drainage system and the entire pumping station as a whole.
The positive factors include:
- Operational reliability;
- Convenience, ease of operation.

The only negative factor is the low energy efficiency of water jet pumps. Also, when
evaluating the efficiency, it is necessary to take into account the operating modes of the
installations.
The task of evaluating and justifying the use of water jet pumps in auxiliary systems of
irrigation pumping stations is to determine a criterion that, if possible, could take into
account all these main factors.
As such a criterion for solving these problems can serve as a minimum of the discounted
costs:

DC, = E,INV, +OC, = min (1)

DC, - discounted cost of the i-th option;

INV,,0C, - capital investments and operational costs for the i-th option;

E, - norm coefficient of economic efficiency of investments.

If INV,, <INV, and OC,, <OC, , the use of water jet pumps is effective and there
is no need for further calculations. IfINV, .~ INV, , then the use of water jet pumps
requires additional capital investments equal to IN V,,—INV,,. At the same time, there will

be annual savings or, conversely, cost overruns.
In general, the annual cost of operating a drainage system consists of the following
expenses:

*  depreciation charges;

*  repair costs;

»  cost of electricity;

*  maintenance costs for operating personnel;

»  other (cost of lubrication, cleaning and labor protection).
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OC=Cpp, +Cre +Cpc +Cpye +C,, )

As a result of the replacement of vane pumps with more reliable and simple water jet
pumps, the costs of maintenance of operating personnel (thus taking into account the ease
of operation), current and major repairs (taking into account operational reliability) are
reduced.

But due to the low energy efficiency of water jet pumps, the amount of electricity
consumed (and, accordingly, its cost) will increase slightly.

Then the effect of using water jet pumps will be to reduce the operating costs of the dis. n.
and consists of the following components:

AOC,, = ACy. —AC,, . 3)

AC,,.- reduced costs for current and major repairs;
AC,,. - increase in energy costs.

It is also necessary to take into account the operating modes of the pumps. If water jet
pumps are installed as drainage pumps, there are two possible options for using jet pumps:
- Jet pumps will completely replace all vane pumps and will operate throughout
the growing season;
- Jet pumps will be used as emergency pumps, for example, only during power
outages, and in the main time, vane pumps will pump drainage water out.

3 Results and Discussions

We will conduct a technical and economic analysis of the use of water jet pumps for these
cases separately.

Option 1.
The main reason why jet pumps can never completely replace vane pumps is low energy
efficiency. Simply put, they have a very low efficiency. Therefore, from these positions, we
will compare the existing vane pumps at the pumping station and the proposed replacement
of jet pumps. Initial data for comparison: the total flow rate at the outlet of the discharge
pipelines is Q = 100...160 /s, the required pressure H =10-15 m.
It is very difficult to determine the cost of electricity during the operation of the water jet
pump. We will determine the cost of electricity, taking into account the formula for
determining the useful power:

Nuse = ;’QH 2 (3)

The value of the useful power required for raising drainage water by 1 pumping unit:
N =9.81%0.020*15=2.94kW. The efficiency of an installation with jet pumps is in the

range of 10-30 % [5], and of a pumping unit with a vane cantilever pump-40-70 % [9,21].
For a system with jet pumps, we assume an average efficiency of 15 %. And since water
from the pressure line of the main pump is used as the working fluid, it is necessary to take
into account the losses in the main pumping unit.

The total power spent on lifting water by the water jet installation will be equal to:
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; N, 2.94
et __ use _ —
Nr{;m[ - - 0.15 *().8 =24.5kW

%
Jet nm.pump

For pumping units with vane pumps, if the average efficiency value is assumed to be 50 %,
the total power will be equal to:

Nvune — Nuse — 2'94 — 5.88kW
0.5

total
n
In this case, the "lost power" when using water jet pumps will be:

=N/ — N =245-588=18.62kW

Nlu:t total total

That is, when using a system with jet pumps, the value of "lost power" (i.e., the energy that
will be spent unproductively to overcome various resistances in the system) will be greater
than the value of lost energy with existing vane pumps by the amount of 18.62 kW (for one
installation):

This means that in order to ensure the rise of the drainage water flow rate Q = 160 /s with a
head H=15 m, when replacing with jet pumps, the power of AN,  =8%18.62 =148.96kW
will be lost.

If the system with water jet pumps will work for the entire growing season, the amount of
energy lost will be equal to:

AE, ,=AN,  *T,  =148.96kW *7200hour = 1072512kW * hour

lost lost grow
At a cost of $ 0.04 per 1 kWh, the additional operating costs of replacing the vane pumps

with water jet pumps will amount to $ 42,900 per year.
The calculation results are presented in Table 1.

Table 1. Results of calculation of economic indicators of vane and jet pumps

Operational costs, $
Capital
Element | investments | deprecia | repair | costof | Person- other total
$ tion costs | electrici nel amount
charges -ty
K-type vane 4500 450 225 13547 1200 142 15565
pump
water jet 3000 150 75 56448 600 - 57273
pump

The capital investment of the Type K pump includes the cost of the electric motor.
The discounted costs for the variant with vane pumps, taking into account the formula (1):

DC, ,=0.12%4500+12178 =$12178

Discounted costs for the version with water jet pumps:

DC,,, =0.12%3000 + 43161 = $43521
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Since DC, , << DC,,; it will be economically profitable to use the variant with vane

pumps.

Capital investments in the variant with vane pumps will be slightly more expensive than
capex with jet pumps, and the costs on the contrary. The payback period of additional
capex:

_INV, ,—INV,,  4500-3000 _ 1500
DC,,-DC,, 57273-15565 41708

=0,036year

Thus, the calculation of the economic efficiency of jet pumps does not speak in favor of
their use. Especially if their work is provided for during the entire growing season.
Operating costs (the lion's share of which at pumping stations is electricity costs) for jet
pumps (despite the small repair and maintenance costs), taking into account the above
calculations, will be higher, and capital investments (cost) jet pumps (custom-made) are
comparable to the cost of serial vane pumps.

Option 2.

Jet pumps will be used as emergency pumps, for example, only during power outages.We
evaluated reliability parameters by external failures that occurred at the pumping station
"Kiziltepa-2" for the period from 2004 to 2011 [24]. The main external failures are power
outages [21].

For the analysis of operational reliability according to external failures, the data from the
service of operation of the pumping station and the State Inspectorate "Gosvodkhoznadzor"
were used [24]. The analysis of external failures showed that for the entire observation
period (2004-2011) there were only 22 power outages (an average of 2.75 per year), and
their duration (downtime) ranged from 15 minutes (02.08.2008) to 48 h 10 minutes
(15.07.2010) with a total duration of 117.35 hours and an average annual duration of 14.67
hours. As the calculation period, we will take the average annual downtime of 14.67 hours.
The results are presented in table 2.

Table 2. Results of calculation of technical and economic indicators of vane pumps operating from
diesel generators and jet pumps.

Capital Operational costs, $
Element m::i:;m deprecia | repair | costof | Person- other fuel total
$ tion costs | electrici nel costs amount
charges -ty
K-type 4500 0.75 0.38 28 2.0 2.0 62.1 95.23
vane
pump
water jet 3000 0.25 0.13 115 1.0 - - 116.38
pump

Fuel costs when using a diesel generator will be:

C o = bcE = 0.15%0.60* 690 = $67.25

b- specific fuel consumption, kg/(kWh).
c- the cost of diesel fuel, USD/kg.
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E- electricity consumption kWh.

Thus, the analysis shows that to ensure reliable operation of drainage sediments in the
absence of electricity, it is sufficient to have a backup diesel AC power plant for emergency
power supply. Such a diesel power plant will provide electricity not only to the drainage
pumps, but also to all other consumers at the pumping station: the system of its own needs,
fire safety pumps (which must be in a state of constant readiness), and, if necessary, the
main pumps with auxiliary systems. Taking into account the insignificant average
downtime (only 14.67 hours / year), the use of reliable (but low-efficiency) jet pumps of the
drainage system for draining the underground part of the building in the absence of power
supply is economically unjustified.

4 Conclusion

The conducted analysis and technical and economic calculation shows that the use of water
jet pumps in the drainage systems of irrigation pumping stations is economically
impractical. Especially if their work is provided for during the entire growing season.
Comparison by the method of comparative economic efficiency of water jet and vane
pumps shows that it is more preferable to use conventional vane pumps (type K, D or
submersible type ECV) as drainage pumps. The operating costs for jet pumps (despite the
low repair and maintenance costs) are higher. Also capital investments (cost) jet pumps
(custom-made) are an order of magnitude higher than the cost of serial vane pumps.
Therefore, the use of reliable (but low-efficiency) jet pumps in the drainage system for
draining the underground part of the pumping station building is economically unjustified.
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