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ABSTRACT

This paper presents the results of determining the optimal plans for pumping oil through the main oil pipelines
of Kazakhstan. The calculation methodology is based on determining the minimum unit cost of pumping
depending on oil flow rate. Oil pumping energy-saving modes are determined under optimal operating
conditions of pumping units and heating furnaces at stations. Determination of the optimal pumping plan is
implemented as a separate module of the SmartTranPro software. Pumped oil volumes on the oil pipeline
sections were determined on the basis of the automated system of control and metering of electrical energy
data of KazTransQil JSC. Optimal pumping plans for monthly oil volumes in the Kalamkas — Karazhanbas and
Dzhumagaliev — Atasu pipeline sections for cold and warm periods were calculated on the basis of the found
dependence of the pumping unit cost. For each range of oil mass flow rate, specific costs for oil pumping and
a list of operating pumps at oil pumping stations located along the pipeline section are indicated.
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Introduction

arises. Pumping units must be able to pump the

Increasing energy consumption efficiency when
transporting oil by main pipelines mostly depends
on the system of organization and management of
technological modes of oil pipeline operation and is
achieved by modeling optimal conditions of its
operation [[1], [2], [3], [4]].

Optimizing  the process of  pipeline
transportation of oil is of great practical importance,
and a number of works are devoted to the problem
of optimizing distribution of cargo flows through the
system of main pipelines [[5], [6], [7], [8], [9], [10],
[11], [12], [13], [14], [15], [16], [17]].

When considering this problem, the question of
choosing rational volumes of pumped oil naturally

amount of oil that is required according to optimal
operation of the oil pipeline. Therefore, associated
with the problem of choosing rational oil volumes
along oil pipeline routes is the problem of choosing
the most effective modes of operation of pumping
and power equipment for reliable operation of the
main oil pipeline.

Management of energy-saving modes is
determined under optimal operating conditions of
equipment of oil pumping stations and technological
modes of oil pumping through main oil pipelines.
Determination of energy-saving modes of pumping
is important for estimating the efficiency of
operation of main oil pipelines.
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Methodology for finding
the optimal oil pumping plan

The optimal pumping mode is considered to be
such the mode in which the least amount of financial
costs is consumed for given performance. Oil
pumping costs are the sum of electricity expenses
consumed by pumps and fuel for operation of
heating furnaces.

The problem of finding the optimal pumping
mode of a given volume of oil is as follows: G is the
total volume of oil (in tons), which must be pumped
optimally over a period of time T; Q; is the capacity
(in t/h) of the pipeline at the mode No. i without
using a pressure regulator (PR) or a variable
frequency drive (VFD); t; is the total operating time
of the pipeline in the mode No. i during the period
T; E; is the unit costs per unit of time (in tenge/h)
when pumping oil in the mode No. i; Q™™ s the
minimum specified capacity (in t/h) of the pipeline
at the mode No. i, which can be achieved using a PR
or a VFD.

Each optimal plan is represented by one of the
following three cases:

1) The mode No. i with shutdowns, i.e. the plan
consists of alternating states: pumping in the mode
with the capacity Q; (total t; hours) and stopping
pumping (total (T — t;)) hours):

Qiti = G, ti <T

2) The combination of modes No. i and No. j, i.e.
the plan consists of alternating states: pumping in
the mode with the capacity Q; (total t; hours) and in
the mode with the capacity Q; (total t; hours):

Qiti + Q]t] = G, ti + t] = T,
Eiti + E]t] — min

3) The mode No. i with the selection of rotor
speed:

G )
Qvrp = ?: imm < Quvrp = Q;

In this case, the pumping plan consists of one
mode with the constant capacity Qyrp. Required
pump rotor speed is determined based on the value
of Qurp.

The energy efficiency of oil transportation can
be estimated by specific electric energy
consumption according to the work performed [18]:

E W (1)
PG Hipss
where W is the amount of consumed electricity,
kWh; G is the volume of pumped oil, t; H, is the
required head for pumping the volume of oil G
through the pipeline, m.

In practice, in addition to specific electric energy

consumption  Ej,, specific electric energy
consumption by pipeline capacity is used:
w
Eeap =477 (2)

where L is the oil pipeline length, km; E.4,, has the
dimension of kWh/(thousand tons- km).

The energy-saving mode of main oil pipeline
operation is estimated by specific electric energy
consumption for pumping one ton of oil. Specific electric
energy consumption in kWh/t is found by the formula
([18], [19]]:

TlHj

1
Espj = E Nconsjn + Z Nconsij (3)

=1

where Ngonsjn is the power consumed by electric
motors of booster pumps of the head pumping
station (PS) when operating in the j-th mode; N¢op;j
is the same for electric motors of mainline pumps of
the i-th PS; nyj is the total number of mainline
pumps at stations in the j-th mode.

Power consumed by the pumping unit when
operating in the j-th mode is found from the
expression [[18], [19], [20]]:

pgH;Q;
N = — (4)
consi N1jM2M3;j

where Hj, Qj, 13 are the head, the flow rate and the
efficiency of the pump, respectively, when operating
in the j-th mode, 7, ; is the efficiency of the electric
motor in the j-th mode, 7,; is the efficiency of the
mechanical transmission, for the mechanical clutch
can be taken 1,; = 0.99.

Pump efficiency is calculated by the formula
(18], [19]]:

N3j = Co+c1Q; + CzQJ2 + C3Q]3

where ¢y, ¢q, C,, c3 are the empirical coefficients,
which are determined for each type of rotor.
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The efficiency of an electric motor is expressed
by the formula [19]:

1- Nnom

-1
my=[1+ (1+ k)|

2r)nomkload

where 1,,om is the efficiency of an electric motor at
nominal loading, k;,,4 is the operation factor of an
electric motor.

Thus, to assess the efficiency of energy-saving
modes of pumping oil blends along oil pipeline
routes, it is possible to use specific electric energy
consumption (3), specific electric energy
consumption for the work performed (1) or specific
electric energy consumption for cargo turnover (2).

Calculation results

Determination of the optimal pumping plan is
implemented as a separate module for the
SmartTranPro software package [21]. The software
module selects the most optimal combination of
pumps for each flow rate Qin the interval (10, Q yax)
with a step of 0.5 t/h and calculates specific energy
consumption E(Q).

Using this module for the Kalamkas -
Karazhanbas and the Dzhumagaliev — Atasu oil
pipeline sections, optimal modes of pumping oil and
oil blends were calculated. According to production
data, the lowest ground temperature value is
observed in March, and the highest — in September,
therefore calculations were carried out for these
two months.

To calculate financial costs, tariffs for electricity
and fuel in respective regions for 2020 were used.
Pumped oil volumes on considered sections of oil
pipelines were determined on the basis of the
ASCAPC (Automatic System for Commercial
Accounting of Power Consumption) system data of
KazTransQil JSC.

The following data were used as
parameters:

- average monthly values of soil temperature
along the pipeline;

- an actual value of the pumped oil volume
during the month.

When carrying out optimization calculations, the
following restrictions are taken into account, which
are necessary for safe operation of oil pipelines:

- maximum allowable pressure at the station
outlet;

- maximum allowable pressure at the oil
pumping station outlet (up to the PR);

initial

- minimum allowable pressure at the pump inlet;

- a safe range of pump flow rate;

- minimum allowable rotor speed.

For listed sections of oil pipelines, dependences
of the minimum unit cost of pumping on capacity
were plotted. Based on the found dependence,
optimal pumping plans were calculated for various
values of monthly planned volumes.

Optimal pumping plans are presented in a
tabular form, which displays a list of ranges of
monthly planned volumes with corresponding
optimal pumping modes.

Tables show lists of pump operating modes in
ascending order of obtained performance. A
performance range corresponds to each individual
table mode. If, opposite to the performance range in
the list of operating pumps, any pump is indicated
"with a VFD" (for example, "mainline pumping unit
(MPU) No. 1 with a VFD"), it is assumed that any
performance value from the corresponding range
can be obtained by adjusting rotor speed of the
specified pump. If, opposite to the performance
range in the list of operating pumps, no pump is
indicated "with a VFD", it is assumed that any
performance value from the corresponding range
can be obtained using a VFD at the starting station,
or by creating backpressure at the inlet to the
terminal station. In addition, if names of pumps are
indicated in a cell on one line, then this means that
given pumps operate in parallel, if on different lines
of one cell, then sequentially.

The Kalamkas - Karazhanbas oil pipeline

At the Kalamkas — Karazhanbas section (Fig. 1) of
the Kalamkas — Karazhanbas — Aktau main oil
pipeline, Buzachi oil with constant physical and
chemical composition is pumped [22]. Optimization
calculations were carried out using the actual data
of the SCADA system [23].

Initial parameters for performing optimization
calculations are given in Table 1. At 0.6 km and
23 km of the Kalamkas - Karazhanbas pipeline, there
are associated oil pumping points of Buzachi neft LLP
and Arman JV. Based on the archival data of the
SmartTranPro database for 2019, monthly pumping
volumes from Buzachi neft LLP and Arman JV are 15-
16 thousand m3® and 10-12 thousand m?3,
respectively. Therefore, in order to take this fact into
account, monthly average values of pumping flow
rate were used as the initial calculation parameter.

Figure 2 shows the dependency curve of unit
costs for pumping oil for the Kalamkas —
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Karazhanbas oil pipeline section from
performance obtained for the cold period. Tables 2
and 3 show optimal pump operation modes for
different performances and optimal pumping plans
for different monthly volumes for the Kalamkas —
Karazhanbas oil pipeline.

Height, m

As a result of the calculation, two optimal pump
operation modes were selected for this section: in
the range of mass flow rate values 100 — 231 t/h, the
pipeline can operate in the mode No. 1 with
shutdowns, in the range of flow rates 232 — 740 t/h
— in the mode No. 2 with the selection of required
rotor speed.

72 834 435 558 620

¢0 82 124 - 243 310
HOPS "Kalamkas" OPS "Karazhanbas"
& . Q@
0 a2
Figure 1 — Diagram and profile of the Kalamkas - Karazhanbas pipeline section
Table 1 — Initial parameters for calculating unit costs in the section of the Kalamkas — the Karazhanbas
Parameter names Parameter value
March September
Initial oil temperature, °C +52.5 +54
Initial pressure, bar 0.5 0.5
Flow rate of pumping from "Buzachi neft" LLP, t/h 20 20
Flow rate of pumping from "Arman" JV, t/h 14 14
Residual pressure at the inlet of the terminal station, bar 1.2 1.2
Soil temperatures, °C 4+9.2 (0 km) +24.8 (0 km)
+10.6 (62 km) +25.5 (62 km)
Electricity tariff, kWh/tenge 19.49 19.49

Unit financial costs, tenge/t

0 A A : P 4 . N 1

400

550 700

Capacity, th

Figure 2 — Dependence of unit costs on capacity in the Kalamkas — Karazhanbas section for March
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Table 2 — Optimal operating modes of pumps for various performance values of the Kalamkas — Karazhanbas section

MNO(;:Ie Flow rate, t/h Costs, thousand tenge/h Unit costs, tenge/t Operating pumps
1 100 - 231 (March) 1.6 - 1.8 (March) 15.8 - 7.7 (March) booster pump unit
100 - 242 (September) | 1.6-1.8 (September) 15.8 - 7.4 (September) | (BPU) No. 1

) 232 - 740 (March) 1.8 - 14.7 (March) 7.6 - 19.8 (March) BPU No. 1
243 - 750 (September) | 1.8 - 14.9 (September) 7.4 - 19.8 (September) MPU No. 3 with a VFD

Table 3 — Optimal pumping plans at different monthly
volumes for the Kalamkas — Karazhanbas section

Table 4 — Initial parameters for calculating unit costs in
the Dzhumagaliev — Atasu oil pipeline section

Pumping volume, t Required modes Parameter Parameter value
0-171000 (March) Mode No. 1 with names March September
0 - 174000 (September) shutdowns Initial oil
171000 — 550000 (March) | Mode No. 2 with the temperature, °C +10 +24
174000 - 540000 selection of required Initial pressure,
(September) rotor speed bar 0.6 0.6
Residual
The Dzhumagaliev — Atasu oil pipeline pressure at the
inlet of the 1 1
For optimization calculations of the Z:;::é:albar
Dzhumagaliev — Atasu section (Fig. 3) of the Pavlodar ’ +4.3 (0 km) +22.1(0 km)
— Atasu main oil pipeline, parameters of Aktobe oil Soil 1 ‘4 (175.7km) | +18 '(175 7 km)
at the outlet of the Pavlodar - head oil pumping temperature, °C | +3.3 (267.6 km) | +19.2 (267.6km)
station (HOPS) were used. +2.7 (427.3 km) | +16.4 (427.3km)
Initial data for optimization calculations are Electricity rate
given in Table 4: initial oil temperature, pressure at | \wh/tenge 1549 1549

the inlet of the booster pump at the Dzhumagaliev
HOPS, residual pressure at the inlet of the Atasu — oil
pumping station (OPS), soil temperature values at
main points and electricity tariffs.

E 438

g -~

g %6 7 Q \/’\,«":“
't

7 315 1 L 1 1 1 1 1
0 ’i B3 1282 4 291 u13 7]
HOPS "Dzhumagalieva” OPS "Barsengir” PL&R "Kyzyl-Zhar" HOPS "Atasu”
— & O ®
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Figure 3 — Diagram and profile of the Dzhumagaliev — Atasu pipeline section

Figure 4 shows the dependency curve of unit
costs on performance obtained for cold and warm
periods of Dzhumagaliev — Atasu pipeline section
operation. The zigzag change in specific energy
consumption on the graph is explained by switching
to another pump or a group of pumps.

Table 5 shows found optimal operating modes
of pumps for various performance values of the
Dzhumagaliev — Atasu section for the cold period.
For each range of oil mass flow rate, specific
pumping costs and lists of pumps that operated at
oil pumping stations of the considered section
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(Dzhumagaliev HOPS and Barsengir OPS) are
indicated. If the cell is empty, then this pumping
station is not turned on.In accordance with obtained
modes for the Dzhumagaliev — Atasu pipeline
section, optimal plans for pumping oil were found at
various monthly volumes.

Table 6 shows data on optimal pumping plans
for the cold period. For example, in the range of
monthly oil flow rates from 738,000 to 1,066,000
tons, the most optimal for energy saving is the use
of a combination of modes No. 4 and No. 13 when
pumping oil in this section.
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Figure 4 — Dependence of unit costs on performance at the Dzhumagaliev — Atasu pipeline section: a) cold period
(March); b) warm period (September)

Table 5 — Optimal operating modes of pumps for various performance values of the Dzhumagaliev — Atasu oil pipeline
section in the cold season

; Operating pumps
Mode No. Flow rate, t/h Unit costs,
tenge/t Dzhumagalieva HOPS Barsengir OPS
1 2 3 4 5
BPU No. 1
1 200 - 658 82.6-30.1 MPU No. 1 (Q=0.5)
BPU No. 1
2 659 - 715 39.4-36.9 MPU No. 3
BPU No. 1
3 716 -718 39.5-394 MPU No. 4 (D=465mm)
BPU No. 1
4 719 -993 47.4 - 38.5 MPU No. 1 (Q=0.5) MPU No. 3 (Q=0.5)
BPU No. 1
5 994 - 1069 445-425 MPU No. 1 (Q=0.5)
MPU No. 3
BPU No. 1
6 1070 - 1076 42.6-425 MPU No. 3 MPU No. 3 (Q=0.5)
BPU No. 1
7 1077 - 1078 44.0-44.0 MPU No. 4 (D=465mm) MPU No. 3 (Q=0.5)
BPU No. 1
1 -1 .1-43. .1
8 079 - 1086 44.1-43.9 MPU No. 1 (Q=0.5) MPU No
BPU No. 1
9 1087 - 1128 49.4-48.2 MPU No. 3
MPU No. 4 (D=465mm)
BPU No. 1
10 1129-1172 48.3-46.9 MPU No. 3 MPU No. 1
BPU No. 1
11 1173 -1174 48.4 - 48.3 MPU No. 4 (D=465mm) MPU No. 1
12 1175-1187 49.0-48.8 BPU No. 1 MPU No. 3 (Q=0.5)
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MPU No. 1 (Q=0.5) MPU No. 4
BPU No. 1
13 1188 - 1434 54.0-48.3 MPU No. 1 (Q=0.5) MPU No. 3 (Q=0.5)
MPU No. 3
BPU No. 1
14 1435 - 1435 49.4-49.4 MPU No. 1 (Q=0.5) MPU No. 3 (Q=0.5)
MPU No. 4 (D=465mm)
BPU No. 1
15 1436 - 1511 53.2-51.4 MPU No. 1 (Q=0.5) MPU No. 1
MPU No. 3
BPU No. 1
16 1512 - 1518 51.9-51.8 MPU No. 2 MPU No. 3 (Q=0.5)
MPU No. 3
17 1519- 1519 525-525 BPU No. 1 MPU No. 3 (Q=0.5)
MPU No. 3
MPU No. 4 (D=465mm)
18 1520 - 1599 56.3-54.2 BPU No. 1 MPU No. 1
MPU No. 2
MPU No. 3
19 1600 - 1600 55.0-55.0 BPU No. 1 MPU No. 2
MPU No. 2
MPU No. 3
20 1601 - 1601 552-55.2 BPU No. 1 MPU No. 1
MPU No. 3
MPU No. 4 (D=465mm)
21 1602 - 1602 56.0-56.0 BPU No. 1 MPU No. 2
MPU No. 3
MPU No. 4 (D=465mm)
BPU No. 1
22 1603 - 1685 57.0-54.8 MPU No. 1 (Q=0.5) MPUM':)% ;c()Q;O'S )
BPU No. 2 .
BPU No. 1
23 1686 - 1688 55.2-55.1 MPU No. 1 (Q=0.5) MPUMNP‘L‘ ic()Q;O'S)
MPU No. 3 :
BPU No. 1
24 1689 - 1753 58.6-56.8 MPU No. 1 (Q=0.5) MPUMI\T(;J g?dio 5)
MPU No. 2 : :
BPU No. 1
25 1754 - 1757 57.5-57.4 MPU No. 1 (Q=0.5) MPUM,\TS gc(’(';o ‘)
MPU No. 3 : :
BPU No. 1
26 1758 - 1766 57.7-57.5 MPU No. 2 MPUM'\;‘L' iéQZO'S)
MPU No. 3 ’
BPU No. 1
27 1767 - 1770 59.2-59.2 MPU No. 3 MPUM'\;% ic()Q;O'S)
MPU No. 4 (D=465mm) )
BPU No. 1
28 1771- 1828 61.1-59.4 MPU No. 1 (Q=0.5) mgﬂ mz ;
MPU No. 2 :
BPU No. 1
29 1829 - 1839 59.6 - 59.3 MPU No. 2 MPUMI\T;J. gk()dio.s)
MPU No. 3
BPU No. 1 MPU No. 2
30 1840 - 1843 60.4 - 60.4 MPU No. 2 MPU No. 3 (Q=0.5)
MPU No. 3
BPU No. 1
31 1844 - 1844 61.4-61.4 MPU No. 3 MPUMIE:)J 2‘(’(';0 »
MPU No. 4 (D=465mm) : :
BPU No. 1
32 1845 - 1848 62.5-62.5 MPU No. 3 MPUMBT: ’;c()dio ‘)
MPU No. 4 (D=465mm) : :
BPU No. 1
33 1849 - 1863 63.9-63.5 MPU No. 2 mﬂ EZ ;
MPU No. 3
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Table 6 — Optimal pumping plans at different values of monthly volumes for the Dzhumagaliev — Atasu section for

March

Pumping volume, thousand tons

Required modes

0 —489000

Mode No. 1 with shutdowns

489000 - 738000

a combination of mode No. 1 and mode No. 4

738000 — 1066000

a combination of mode No. 4 and mode No. 13

1066000 - 1304000

a combination of mode No. 13 and mode No. 24

1304000 — 1368000

a combination of mode No. 24 and mode No. 29

1368000 - 1386000

a combination of mode No. 29 and mode No. 33

Thus, for each range of monthly flow rates, the
most optimal pump operating modes were
determined for the coldest and warmest periods of
time for the Dzhumagaliev — Atasu oil pipeline
section.

Conclusions

With the use of the control module of optimal
oil pumping modes of SmartTranPro SP for the
Kalamkas — Karazhanbas and the Dzhumagaliev —
Atasu oil pipeline sections:

- dependences of the minimum unit cost of
pumping on performance for warm and cold periods
were plotted;

- on the basis of the found dependence of the
unit cost, optimal pumping plans were calculated for
various values of monthly planned volumes for
warm and cold periods of time.
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MyHai1 aaayAabiH, OHTaMbI XKOCNAP/apbiH aHbIKTAy

! Bekibaes T.T., 1 PamasaHosa I'.l., 2[Maxomos M.A., ! BocuHos . XK.

1 Cambaes yHusepcumemi, Anmamel, Kazakcmax

2C.C. Kymamenadze amoiHdarbl Tenaogusuka uHcmumymel, Peceli Folabim akademuscoiHelH Cibip 6enimweci, Hosocubupck, Peceli

TYWNIHAEME

Byn makanaga KasaKCTaHHbIH, MarnctTpanbAblk MyHal Kybbipaapbl apKblibl MyHai aipayablH, OHTainb
KOCMap/apbIH aHbIKTAy HaTUXKenepi KenTipinreH. EcenTtey agictemeci MyHal LWbIfbIHbIHA HGalNaHbICTbI

avipay GipAiriHiH, MUMHUManabl MEHLUIKTI KYHbIH aHblKTayfa HerisgenreH. MyHall alfayablH, sHeprus

Makana kengj: 17 Keipkyliek 2021
CapantamagaH eTTi: 03 KazaH 2021
KabbingaHabl: 26 Kapawa

YHEMAEY pPeXUMAEPI CTaHUMANAPAAFbI COPFbl KOHAIPFbIIAPbI MEH XbIbITY NELUTEPiHIH, OHTaNIbl }KYMbIC
afAannapbiHaa aHblKTanabl. AgayablH, OHTal/bl KOCNapbliH aHblKTay SmartTranPro 6araapaamansik,
NaKeTi YWiH }XeKe MOAyNb PeTiHAe Ky3ere acbipbingpbl. MyHall KyObipiapbiHbIH, yyacKkenepi apKbiabl

anpanatblH MyHal Kenemi «KasTpaHcOun» AK ASKUE xyieciHiH, aepeKTepi GOWbIHIIA aHbIKTAaAAbl.

AHbIKTanfaH Bip/iK KyHbIHbIH, afblH XKbl1AaMAblFbiHA Tayenainiri Herisinge «Kanamkac — KapakaHbac»

XaHe «Xymaranue — ATacy» yvackenepiHgeri CyblK (Haypbi3) XaHe Kblibl (KbIpKYMeK) yakpIT

apasblfblHAAafbl MyHalAbIH, aiNblK KenemiHe aiaayaplH, OHTalIbl Xocnapaapbl ecenTtengi. 9pbip WbifblH

AManasoHbl YWiH MyHall ailJayFa apHanfaH HaKTbl LUbIFBIHAAP KOHE Kybblp yyacKeciHiH, 6oibiHAA

OpPHANACKaH MyHal aligay CTaHUMANAPbIHAAFbI }KYMbIC ICTEMTIH COPFbIIAPAbIH, Ti3iMi KepceTingi.

TyitiH ce3aep: MmyHalt Kybbipbl, MaccanblK LWbIFbIH, OHTAM/bl aiAay *KOCMAPbI, SHEPTUAHBI YHEMAEY PEKUMI,

MEHLUIKTI WbIFbIHAAP.
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AHHOTAUMA

B fJaHHON cTaTbe npuBefeHbl pe3ynbTaTbl onpefeneHUs ONTUMAsbHbIX NAAHOB Nepekaykn HedTU no
marucTpanbHbiM  HedTenposodam KasaxcTaHa. MeToguKka pacyeTa OCHOBaHa Ha onpefeneHuu
MWHWUMAIbHOW YAENbHOW CTOMMOCTM NepeKayku B 3aBUCMMOCTM OT pacxoga HedTu. dHeprocbeperatowme
PEXMMbI NEpPeKaykn HepTU ONpeaensatoTca NPU ONTUMANbHbBIX YCNOBUAX PaboTbl HACOCHBIX arperaTos M
neyein noporpesa Ha ctaHuuax. OnpejeneHne ONTUMAZIbHOrO MNaHa NepPeKayku peasnsoBaHO B BUAe
OTAENbHOrO MOAYNA ANA NPOrpaMMHOro Komnaekca SmartTranPro. O6bembl nepekaynBaeMoit HepT no
y4acTkam HedTenpoBogos 6binn onpegeneHbl No AaHHbiM cuctembl ACKY3 AO «KasTpaHcOnn». Ha
OCHOBaHMMN HAWAEHHON 3aBUCMMOCTU YAENbHOM CTOMMOCTM OT pacxosa bbian paccynUTaHbl ONTUMAsbHbIE
NNaHbl NepeKkaykn ANs MecAavHblx 06bemoB HedTM Ha ydvacTkax «Kanamkac — KapaskaHbac» u
«[Jskymaranvesa — ATacy» AN XoNo4HOro (MapT) 1 Tennoro (ceHTA6pb) NeproaoB BpemeHW. 115 Kaxaoro
AvanasoHa pacxofa yKasaHbl yaenbHble 3aTpaTbl Ha nepekayky HedpT U nepeyeHb paboTatoLwmx Hacocos
Ha HedTenepeKkayMBaloLWMX CTAHLMAX, PACNONOKEHHbIX BAONb yHacTKa HedTenposoaa.

KnioueBble cnoBa: HedTenpoBos,  MACCOBbIM  pacxof,  ONTUMANbHLIA  NAAH  MepeKaykiy,
3HeprocbeperaoLmii pexnm, yaenbHble 3aTpaTtbl.
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