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ABSTRACT

Purpose. Perform an overview of the construction technologies and substantiate the effectiveness of the Ukrainian
experience in building a pumped storage power station (PSPS) on the Dniester River in difficult engineering-
geological conditions with the construction of large underground structures, including mine shafts and hydraulic
engineering tunnels.

Methods. In the work, the main technological methods have been studied and analysed of hydraulic engineering
construction of complex large underground structures in the rocks with medium hardness according to M.M. Proto-
diakonov scale using a special method of a well lowering and a combined method of drilling and blasting operations
during mine workings drivage, which is based on the slow and short-delay blasting. The anchors calculation, when
driving the water sup-ply conduits, has been made from the condition of suspending the block of disturbed rock, the
thickness of which was taken equal to the roof arch height according to M.M. Protodiakonov. The parameters of the
sprayed plaster base concrete have also been calculated according to V.M. Mostkov theory.

Findings. The analysis of the current state of research, theoretical positions and world practice of construction of
PSPS has been made, which testifies the high potential of this type of energy facilities. The efficiency of the under-
ground hydraulic engineering construction of the Dniester Station has been substantiated. The results are presented of
a complex application of mining and construction methods, as well as processing equipment for the construction of
horizontal and tailrace conduits, drainage adits and vertical mines for hydraulic units in difficult engineering and
geological conditions. As a result of performed analytical studies, the combined method of constructing the anchor
support of sprayed plaster base concrete, when driving the water supply conduits, which is the most rational for engi-
neering and geological conditions of increased complexity, has been substantiated.

Originality. The efficiency of the lowering well method in a thixotropic jacket when constructing in the soft soils
has been deter-mined under the conditions of building a PSPS on the Dniester River. The step-by-step combined
method of constructing the anchor support of sprayed plaster base concrete, when driving the water supply conduits
has been substantiated.

Practical implications. The most rational ways of conducting a range of mining-construction works have been sub-
stantiated and implemented, allowing to construct a complex pumped storage facility with a capacity of over
2.0 million kilowatts, ensuring a significant increase in the power supply capacity of the West Ukraine region.

Keywords: pumped storage power station, drainage adit, approach adit, mines for hydraulic units, water intake

1. INTRODUCTION

In modern conditions, the use of energy sources at
hydroelectric power stations of various types is of great
importance for creating competitive systems for burning
coal, fuel oil and gas in order to obtain cheap and effi-
cient electric power from the energy of the sun, wind,
river water and the global ocean water. The research of
this kind is carried out throughout the world (Pivnyak,

Beshta, & Balakhontsev, 2010; Bondarenko, Tabachen-
ko, & Wachowicz, 2010; Meduni¢, Mondol, Radenovié,
& Nazir, 2018; Sai, Malanchuk, Petlovanyi, Saik, &
Lozynskyi, 2019).

The Greek scientists D.S. Anagnostopulos and
D.E. Papantonis have performed a numerical study of
the optimum size and design of a unit at the pump-
filling hybrid wind-hydroelectric power station (Anag-
nostopoulos & Papantonis, 2007). The research results
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have shown that using a pump with variable velocity is
an effective solution for hydroelectric power stations
with less diffused potential of wind energy.

The same authors have shown in the work (Anagnos-
topoulos & Papantonis, 2008), that the hybrid wind energy
and hydroelectric power seems to be an effective solution
for isolated systems of autonomous electrical power net-
works. In this work, a numerical methodology is presented
for the optimal various components calibration of the
reversed electrical-hydraulic system, which is used for
practical purposes at a number of wind-hydropower sta-
tions set on the island of Crete. As a result of applying a
numerical solution for analysis of the most important pa-
rameters influence on the station operation, it was con-
cluded that an optimized design of this type of stations is
decisive for the economic viability of the studied system.

As indicated in the work of Japanese scientists (Ku-
wabara, Shibuya, Furuta, Kita, & Mitsuhashi, 1996), who
performed the certain measurements of the design and
dynamic system characteristics of the controlled pumped
storage power station (PSPS) in Okavachi with capacity
of 400 MW, that it can change capacity with an increment
not less than 32 MW in generating mode and not less than
80 MW in pumping mode during 0.2's. They proposed
principal design solutions for station control systems and
presented the actual characteristics of the plant based on
oscillographic measurements and constructed diagrams.

It is shown in the work of Chinese scientists (Ma, Yang,
Lu, & Peng, 2015), who develop the autonomous systems
of renewable energy sources, that they are the most promis-
ing solution for electrification of remote areas without
access to electrical power systems. In the present study, a
system of PSPS for autonomous power supply in remote
areas is proposed. Mathematical models have been devel-
oped, in which the reliability and the economic criterion of
the system are substantiated as the basis for optimization.
This study justifies the fact that the proposed models and an
optimization algorithm are efficient and can be used for
other similar variants of energy supply in the future.

The work (Deane, O Gallachoir, & McKeogh, 2010),
which is presented in the Journal on Renewable and
Sustainable Energy Systems, evidences that there is cur-
rently a technical and commercial interest in PSPS due to
the emergence of systems with a higher level of generat-
ed and renewable energy. It is shown that over the next
eight years after 2015, more than 7 GW of PSPS capacity
will be added to the European power grid, and the similar
projects are planned in the USA and Japan. The paper
provides an overview of the locations and terms of new
PSPS development and a detailed analysis of the trends
of this technology development. This information con-
firms the importance of constructing the PSPSs with a
return pumping, rather than a clean direct water draining,
as at the existing hydroelectric power stations.

In the work of Chinese scientists (Si-hong, Gong-yuan,
Jian-zhou, & Guang-yin, 2004), there is a technical over-
view of hydroelectric projects development. Their deve-
lopment, including building of giant hydro- and electricity-
generating plants and PSPS is substantiated in the paper.
Many projects of this type in China have withstood large
floods and earthquakes. At the same time, the total speci-
fied hydropower capacity of all stations in 2014 exceeded
300 GW, and the capacity of PSPS reached 22110 MW,
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which is 12% of the capacity of such stations throughout
the world. Thus, the level of scientific substantiation,
designing and construction of PSPS in China provides
the solution to the problems of floods protection, energy
supply and irrigation of agricultural lands (Jia, 2016).

The studies with the use of a numerical simulation
model of water filtration in a fractured rock massif are of
great scientific importance (Sotskov, & Saleev, 2013; Chui,
Moshynskyi, Martyniuk, & Stepanchenko, 2018; Bom-
ba et al., 2018; Kuzlo, Moshynskyi, Martyniuk, 2018).

When constructing the upper reservoir of the Pushine
PSPS in China the hydraulic conductivity of the fractured
rocks in the area of construction and the overall rate of
water leakage through the fractures have been deter-
mined (Li, Lu, Long, Yang, & Li, 2008). In order to
reduce the level of hydraulic permeability of rocks in the
dam foundation, it is necessary to strengthen it by ce-
mentation of the lower part.

As it follows from the reduced state of main provi-
sions for the construction of PSPSs, the construction of
the Dniester Pumped Storage Power Station (Dniester
PSPS) is the most important factor in the participation of
Ukraine in ensuring the state energy independence at the
global level. The station is a complex object, the con-
struction of which required the solution of a number of
scientific problems, the substantiation of effective tech-
nologies, the appropriate level of technical equipment
and the work organization.

2. CHARACTERISTICS OF THE
HYDRAULIC ENGINEERING COMPLEX
AND PRINCIPLE OF ITS OPERATION

Currently, the solution of the power supply problem of
cities and large industrial facilities in Ukraine is performed
by the way of reconstructing and constructing new hydrau-
lic engineering structures, which include the Dniester PSPS,
one of the largest in Europe. Its capacity in the generating
mode is 2275 MW, and in the pumping mode — 2912 MW.

The main advantage of such a power facility is its
operational ability to produce increased quantity of electric-
ity during peak hours. This is conditioned by the operation
of hydraulic units from water falling from the upper basin
with 38.8 million m® of pondage to the lower buffer reser-
voir with 70.1 m® of pondage with the difference in eleva-
tion of the upper basin (full reservoir level is equal to
229.5 m) relative to the lower basin (full reservoir level —
77.1 m) which is equal to 152.4 m. Such design parameters
during operation of seven hydraulic units with a capacity of
324 MW each for 4 hours per day will allow to achieve
2720 million kWh of annual electric power generation.

The Dniester PSPS is located on the Dniester River in
the Chernivtsi region of Ukraine near the border with
Moldova, about 450 km from the city of Kyiv. The chain
of hydroelectric power stations is built on the Dniester
River, consisting of two hydroelectric power stations and
one PSPS, which is under construction. In December
20009, the first hydraulic unit of the Dniester PSPS was put
into industrial commission, the second hydraulic unit — in
December 2014, and the third one — in August 2016. Since
then, the Tunnel Construction Department No.7 (TCD-7)
of PJSC “Kyivmetrobud” has been actively involved in the
construction of the Dniester PSPS as a subcontractor.
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During this period, the following works have been Upper drainage
performed. There have been driven the lower drainage
adit with a diameter of 5.65 m and a length of 2604 m, an
upper drainage adit with a diameter of 2.5 m and a length
of 1484 m, four vertical water supply conduits with a _
primary lining with a diameter from 9.3 to 8.5m and a 4 /
length of 746 m and with a finishing metal lining up to a gcocr::sr‘]‘\]
diameter of 7.5 m and a length of 530 m. In addition, '
three horizontal water supply conduits with an external ]
primary finishing reinforced concrete lining with a diame-
ter from 8.5 to 7.5 m, a length of 1084 m, and a metal
lining with a length of 851 m have also been driven. Also,
tailrace conduits out of three hydraulic units have been
driven. At present, three hydraulic units are constructed

Vertical
shaft-steel lined

Steel lined section
of pressure tunnels

Powerhouse
(storage pump shaft No. 1-7

Emergency escape
A shaft No.1
Outlet tunnels

and operating, and the fourth is under construction. Figure 1. General view of the Dniester PSPS under construction
The construction project of an object at this level in-

cludes the creation of an upper reservoir, a water intake The operating principle of the complex under con-
on the upper level, inlet pressure water conduits, and a struction is as follows. Water from the upper reservoir
facility of a pumped-storage station hence: mines for through one of the water intakes is fed by the inlet pres-
hydraulic units, drainage galleries, mines of emergency sure water conduit to the hydraulic unit, from where it is
exits, tailrace conduits, water outlet and the lower reser- fed to the lower buffer reservoir through an inclined
voir with a complex of protective structures (Fig. 1). tailrace conduit (Fig. 2).

Upper drainage gallery

Water intake

Lower drainage gallery

R e Pressure conduits
Water exhaust

Transformer deck

Powerhouse

Figure 2. Longitudinal cross section of water-conveyance system at PSPS

All vertical mine workings for hydraulic units with a Outside the well and supporting ring, along circumfer-
depth of 45.65 m are driven using a combined technolo- ence with a radius of 25.0 m, a crawler crane of the DEK-
gy, which includes the method of well lowering and the 50 type with an elevating capacity of 50 tons is moving on
mining method. the surface. It performs a soil excavation from the well,

A lowered well is constructed on the surface by con- which is loaded by an excavator into the bucket with a

creting with pours of 2.0 m each using special timbering total weight of 12 tons. The bulldozer performs layer-by-
and a crawler crane of the DEK-50 type with a bucket of layer cutting of the soil with a thickness of 250 — 300 mm.
3.2m? capacity. For its strict fixing, in the lower part

around the well, from the outside, a reinforced concrete 3. COMBINED METHOD OF CONDUCTING
supporting ring with a height of 0.75 m and a width of DRILLING AND BLASTING OPERATIONS

2.0 m is buried into the ground (Fig. 3).

In a well with a diameter of 32.6 m, a height of
19.0 m, and with a reinforced concrete wall thickness of
1.0 m, on the surface when removing it from a temporary
base, the two DT-53 bulldozers work. The well is lo-
wered under its own weight from the surface in a thixo-
tropic jacket with mining the soft soils by a construction
excavator of E-5015A type, equipped with a trenching
shovel with a bucket of 0.75 m?® capacity, over the entire
well area, and a bulldozer of the D-492A type, which
leaves the bearing zone of the well under its blade.

Further construction of the lower part of the mine
shaft in the hard rocks, including oolite limestone, marl,
siltstone, argillite and sandstones with various inclusions
of clays, such as semi-solid, solid and hard clays, is car-
ried out using drilling and blasting operations. In such a
case, the section of the well is divided into three sectors,
and the churn-drill blasting of rocks is carried out in
three separate steps. In each sector, about 90 wells with a
diameter of 110 mm and a depth of 2.5 m are drilled on
by the NKR-100 machine.
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Figure 3. Flow chart of the well lowering

The wells are charged with Ammonite No.6 ZhV and
are blasted in a short-delay blasting with the help of a non-
electric “Impulse” type system. After the explosion, the pass
value is 2.0 m with a blast-hole efficiency ratio of 0.85.

With insufficient crushing of separate rock pieces in
the face after an explosion, their destruction for trans-
portability is performed with the use of hydraulic ham-
mer set on a face shovel.

At present, reinforced concrete horizontal and steel-
reinforced concrete inclined tunnels are being driven for
the seventh hydraulic unit in the area of the water outlet.
At the same time, an exit track from the industrial site
and a vertical mine protected from a water outlet were
constructed (Fig. 4).

At the same time, an exit track from the industrial site
and a vertical mine protected from a water outlet by two
water blocks were constructed. A rock-loading machine
of LK-1type, a bunker and, just above, a winch of
LPEP-10 type, were installed under the mine. At the
industrial site, a DEK-50 crane and a bulldozer were
installed for lifting and shipping the rock when driving
an inclined tailrace conduit. A concrete-delivery pipeline
with a diameter of 150 mm was installed along the mine
and the lower part of the water conduit, through which
concrete of BN-1 type is pumped for the construction of
a permanent lining. This method of driving the tailrace
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conduits allows to mechanize fully all the major tunnel-
ling and construction works.

Driving the inlet pressure water conduits to the mines
of hydraulic units and tailrace conduits to the water outlet
is carried out in hard rocks with separation into upper
and lower steps (Figs. 5, 6).

Their cross section area ranges from 40 to 50 m?, de-
pending on the mine working type. From 100 to 114
blast-holes with a diameter of 43 mm and a depth of
3.0 m are placed on this area. The blast-holes are drilled
with perforating machines with push-feed of PP-50 type
or PP-60 type. These perforating machines are also used
for drilling the blast-holes for the anchors. The blast-
holes are divided into 5 — 6 groups according to their
purpose: cut blast-holes, outer blast-holes (2 — 3 groups),
contour blast-holes and bottom blast-holes. The blast-
holes are charged with Ammonite No.6 ZhV. The mass
of charging the cut blast-holes is 1.4 kg, in the outer
blast-holes — 1.0 kg, in the contour blast-holes and bot-
tom blast-holes is 0.8 kg. The length of tamping in the
cut blast-holes is 1.0 m, in the outer blast-holes — 1.2 m,
in the contour blast-holes and bottom blast-holes — 1.4 m.

Blasting of cut blast-holes and outer blast-holes
charges is made by short-delay blasting at slowdown
intervals of 20, 125, 250 and 450 ms. Some of the outer
blast-holes are blasted with the increased cross sections.
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Figure 4. Scheme of mine workings and setting the equipment for driving the tailrace tunnel
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Figure 5. Cross section of the upper step

The contour blast-holes and bottom blast-holes are
blasted in a slow manner at intervals of 900, 2000 and
5000 ms. To initiate the charges, the non-electric “Im-
pulse” system is used with special devices UNS-ShK and
UNS-PA, which are blasted with a detonating cord from
two electric detonators. The use of this method of blast-
ing provides a high level of general and seismic safety
when conducting a large-scale explosion with a total
consumption of explosives from 97 to 140 kg per a pass
(Petrenko, Tiutkin, & Proskurnia, 2016).

When constructing the water supply and discharge
mine workings, first of all, the upper step of the
specified mine workings is driven and a temporary
support is set with the use of a drilling and blasting
method (Khomenko, Kononenko, & Myronova, 2013).
In addition, a filling cementing of the temporary arch
lining is performed.
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Figure 6. Cross section of the water conduits with upper and

lower steps

When cutting the upper step, all the work is carried
out in the following sequence. The cutting is conducted
with pours of 2.5—-3.0 m long. A drilling unit UBSH-
312A is used for drilling the face. After blasting and
airing the mine working, a thorough cleaning of the roof,
walls and crown of the face is performed. The rock blast-
ed off by the explosion is cleaned by a rock-loading
machine of the LK-1 type, which transports the rock to
the area of the installation opening and then unloads it
into the bunker. By means of a crawler crane of DEK-50
type, a bunker with rock is raised and unloaded at the
upper elevation of the industrial site, from where a bull-
dozer of DE-53 type moves the rock out of the zone of
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the crane operation to a distance of 20 m into a tempo-
rary reserve. The rock is loaded into motor-vehicle
transport by a construction excavator of the E-5015A
type with a bucket of 1 m3 capacity, followed by trans-
portation to the dump at a distance of up to 1.0 km.

4. CALCULATION OF ANCHOR FASTENING
IN THE CASE OF NEW AUSTRIAN TUNNELING
METHOD (NATM) APPLICATION

The water supply and discharge tunnels were built in
the rocks with hardness from 4 to 8 by M.M. Proto-
diakonov scale, which are prone to rock-fall formation.
At the same time, a modification of the New-Austrian
method (HATM) was applied with the separation of
faces into calotte and stross. Moreover, the rock pressure
was calculated for the calotte, which was fastened with a
combined support, including anchor support, arched
support and sprayed plaster base concrete support, and
had a dual purpose.

Given the fact that the normative rock pressure (NRP)
(DBN V.2.3-7-2010, 2011) is conditioned by the depth of
occurring and hardness of the rock, it was necessary to
substantiate the efficiency of conducting the technology of
mine workings with the use of various types of fastening.

The essence of this technology is in the gradual con-
struction of a combined temporary fastening around the
mine working during its driving, which will involve the
surrounding rock into the work and strengthen its struc-
ture. Thus, an approximate calculation of the anchor was
performed from the condition of suspending the block of
disturbed rock (V.M. Mostkov), the thickness of which
was taken as equal to the roof arch height according to
M.M. Protodiakonov:

ol

2f

where:
L —the length of the roof arch span above calotte,
which is equal to:

(1

L=1I; + 2Hktg(45° —%j : @)

where:

Ly —the length of the bottom calotte part, which is
equal to 10.95 m;

H.— the height of calotte, which is equal to 5.1 m;

@ — the angle of internal rock friction, ranging from
65 to 75 degrees with f=4 — 8.

Therefore, the mass of a rock block per one anchor is
determined by the formula:

Op = rhac, 3)

where:

y —the average specific weight of overlying rock,
which is taken as equal 24 kN/m?;

a — the step of anchors in the lower part of cross sec-
tion of mine working, which is determined within the
range of 1.5<a <2.5m;

¢ —the step of anchors along the arc of the upper part
of mine working.
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The value O, multiplied by an overloading ratio, 1.5,
should not exceed the load-bearing capacity of the an-
chor rod, which is equal to:

2
_ wd R;“,

4

P 4)
where:
d — the anchor diameter;

R’" — the calculated resistance of steel to tensile stress

(for steel of A-II class for reinforcement it is 210 MPa).

Having accepted the working diameter of the anchor
rod as equal to 25 mm and distance ¢ = 1.5 m, the de-
pendence will be obtained for determining the rational
step of the anchors:

< 7d* RS

6yhc ©)

For specific engineering and geological conditions of
fractured rocks with a hardness of 4 <f<8 at c=1.5m,
the change in the anchor steps in the lower part of the
cross section of mine working is determined by a linear
dependence a =0.25f+ 0.5. Therefore, the number of
anchors located along the arc in the upper part of mine
working will vary from 10 to 5 pieces depending on the
rock hardness.

The second element of the combined fastening is
sprayed plaster base concrete over a grid attached to the
anchors. What is more, under its protection the cementa-
tion of the surrounding massif is performed by injecting a
cement-sand grout into cavities formed by the rock-fall.
In the case of fractured rocks with a hardness 4 <f'<8,
the thickness of the sprayed plaster base concrete is de-
termined by the formula (V.M. Mostkov):

7L
b 9
er my,

t>kyLy (©)

where:

ky and my — coefficients by way of which enginee-
ring-geological conditions are taken into account in the
zone of construction (kz = 0.0325, m; =0.6);

Rf —resistance of sprayed plaster base concrete to
tensile stress (for sprayed plaster base concrete of B22.5
class itis 1.15 MPa).

Therefore, the thickness of the sprayed plaster base
concrete of temporary fastening of water supply and
discharge tunnels at ¢=1.5m varies by linear depen-
dence t =-0.5/+ 12.

When combining the anchors with sprayed plaster
base concrete, its thickness should be determined from
the condition (V.M. Mostkov):

£2075¢ |[—1— )
Rlky
where:
q — the value of pressure from a possible rock-fall in
the case of combining with anchors is calculated by the
formula g = 0.37yc.
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Having accepted ¢ =1.5 m, the thickness of sprayed
plaster base concrete will be equal to 10 cm, which has
been adopted in the design of the work performance.

5. APPLICATION OF STEP METHOD
IN MINE WORKINGS CONSTRUCTION

To fasten the arched mine working of the upper step,
the temporary support is set from reinforced concrete
anchors with a diameter of 25 mm, from reinforcement
of A-II class with a length of 2.7 m and the arch made of
double — T No.27. Then, when moving the concrete form
panel, they are concreted by 3.0 m passes with a lag from
the face not more than 2.0 m with the help of a concrete
pump located on the near-entrance site.

The filling cementation of temporary support is per-
formed with a lag from the crown of the face at 12 m.
The length of the cementation pour is 12 m. For grouting
the injection mortar behind the lining in the arch part, the
cementing boreholes with a diameter of 52 mm are
drilled, which are arranged so that they do not fall into
the construction joints. Drilling of boreholes is carried
out by a drill rig of the SBU-2M type with a depth of
0.2 m into the rock.

Injection of mortar into each borehole is made
through an injector from a tube with a diameter of
38 mm, which is broken out in the walls of the drilled
borehole. The finished mortar is fed behind the lining
through a flexible rubber-fabric sleeve with a diameter of
50 mm from the ready-mix station set on the near-
entrance site. The cementation is performed with a ce-
ment-sand grout, when the solution is absorbed up to
1 m® per 1 m? and more than 1 m? per 1 m? of the inner
surface of the waveguide.

Having finished the injection, the boreholes are elim-
inated by injecting cement mortar to their full depth.

Having finished the driving of pressure water conduit
to the full cross section, a permanent lining is erected
with the construction of steel-reinforced concrete tunnels
sections, including the metal cladding of the upper part
with the concrete structure of the lower part. The struc-
ture of tailrace conduit includes a concrete arch in the
upper part and a permanent lining of concrete in the
lower part. In both cases, the reinforced concrete
anchors, sprayed plaster base concrete and filling cemen-
tation are also used to strengthen the side walls in the
lower part of the tunnels.

When the work on the upper step is finished, the
lower step is also cut by means of a drilling and blasting
method using borehole charges placed perpendicular to
the cross section of the lower step. Drilling of the face is
carried out by a drill carriage of SBU-2M type.

The work on cleaning the blasted rock is done in the
same order and by the same mechanisms as when cutting
the upper step. The temporary support is set from rein-
forced concrete anchors with a diameter of 25 mm of
reinforcement of A-II class with a length of 2.7 m and of
the sprayed plaster base concrete with 10 cm of thick-
ness. The boreholes for the anchors are drilled with a
hand-feed perforator on a telescopic stand. The sprayed
plaster base concrete is sprayed to the walls of the lower
step uniformly in two layers with 5 cm thick using a
concrete-syringe machine of BM-68U type.
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The tray is concreted with 6 m pours. Concrete is laid
on the levelled-off and cleaned base with the help of a
concrete pump of the BN-1 type and is exposed to vibra-
tion action by means of a vibrobatten of the IV-2 type.

6. BASIC INDICATORS OF CONSTRUCTION
WORKS PERFORMANCE

In 2017, the Tunnel Construction Department No.7 of
KYIVMETROBUD PJSC, when constructing the Dnie-
ster PSPS, has performed the following volume of con-
struction works:

—blast-holes and wells have been drilled with a
diameter of 40 — 110 mm for 6780 m;

—rock has been developed for 14479.9 m®;

— cement mortar has been injected for 16700 m?;

— reinforcement has been assembled for 190.5 ton;

— sprayed plaster base concrete has been applied to
the walls of mine workings for 1508.1 m?;

— concrete has been poured for 5052.9 m’;

— reinforced concrete has been set for 50.35 m>;

— cementation work of the space behind the lining has
been performed for 964 m.

Such scope of work made it possible to prepare the
mine for assembling the hydraulic unit No.4 and practi-
cally complete the driving and fastening of the water
supply and discharge mine workings for No.5 and No.6
hydraulic units. At the same time, all work is conducted
on the basis of an international regulatory document
established by a certified BVC Quality Management
System that complies with the requirements of ISO
9001:2008 with the certificate number UA 226065/1.

7. CONCLUSIONS

Thus, the article describes a big suite of technology
used in Ukraine during the construction of a powerful
hydro-technical power facility. The Dniester PSPS will
allow to increase the level of power supply of industrial
enterprises, agricultural production, as well as large cities
and towns. It will also be solved the problem of water
regulation on the largest river in Western Ukraine. This
will ensure the irrigation of drylands in its southern part,
as well as the achievement of the design capacity of the
PSPS by 2.72 million kW.
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OIJISAJ TEXHOJIOT' T CIIOPYIP)KEHHSI OF’EKTIB JIHICTPOBChKOI

TI'IJIPOAKYMYJIFOIOUYOI EJIEKTPOCTAHIIII

A. PagxeBuu, B. [lerpenko, O. TroTekin, HO. ['opbaTiok, B. [lapunos

MeTa. BukoHaty oriisii TEXHOJIOTIH CIIOPY/DKEHHSI W BUSBHTH €(PEKTUBHICTh YKPaiHCHKOTO JIOCBily Oy/IiBHHIITBA
riIpoaKyMyI00401 eJeKTpocTaHiii Ha p. J[HicTep y CKIIaJHUX 1HKEHEPHO-TEOJIOTIYHUX YMOBaX 31 3BEICHHSIM BEJIMKUX
Ii13eMHUX 00’ €KTIB, BKIIOYAIOUH [IaXTHI CTOBOYPH Ta TiAPOTEXHIYHI TyHEJI.

Metoauka. B po0OoTi po3misiHyTi Ta IpoaHati3oBaHi OCHOBHI TEXHOJIOTYHI CIIOCOOM TiAPOTEXHIYHOTO OYAiBHUIITBA
CKJIQJIHUX BEJIMKUX MiI3EMHHX CIOPYA y CKaJIbHUX MOPOJaX cepenHboi MinHocTi 3a mkanoo M.M. [Iporon’skoHoBa i3
3aCTOCYBaHHSM CIICHIATEHOTO CIOCO0Y OITyCKHOTO KOJOZS3s i KOMOIHOBAaHOTO CIOCOOY BEACHHS OYPOITiAPUBHUX PO-
0iT TpW MPOXOAMI TipHAYMX BHPOOOK HA OCHOBI YHOBUIHPHEHOTO i KOPOTKOYHMOBUIRHEHOTO MiApWBaHHA. Po3paxyHOK
aHKEPiB TPHU MPOXO/ALI BOIOBOJIB BUKOHYBABCS 3 YMOBH IiIBIIIYBaHHA OJIOKY MOPYIIEHOI MOPOIH, TOBIIMHA SKOTO
npuiimMaacsi piBHOI BHCOTI CKieninHs ooBajieHHs 32 M.M. [Ipotox’sikoHoBuM. Po3paxyHok mapamerpiB HaOpu3roero-
HY IPOBOJIMBCS TaKOX 3a Teopiero B.M. MocTtkoBa.

Pe3yabraT. BUKOHaHO aHali3 Cy4acHOTO CTaHy AOCIIKEeHb, TEOPETUUHHX ITOJIOKEHB 1 CBITOBOT PAKTHKU OYiB-
HULTBA T1POaKyMYJIIOIOUYHX CTAHIH, IO CBIIYMTH MPO BHUCOKWI MOTEHLIaJ JAHOTO BHJY CSHEPreTHYHHX 00’ €KTiB.
OOrpyHTOBaHO €()eKTHBHICTh MiJ3EMHOTO TiIpoTexHiuHOro OyniBHMLTBA JHicTpoBChKOi craHwii. [Ipencrasieni pe-
3yJIBTaTH 3aCTOCYBAaHHS KOMIUIEKCY TIpHUYONPOXiTHUIBKUX 1 OyAiBENbHUX METOJIB Ta TEXHOJIOTIYHOrO OOJNagHaHHS
JUISL CTIOPY/KEHHSI TOPU30HTAIBHUX 1 BIZIBIIHUX BOJOBOJIIB, JPEHAXXHUX IITOJICHb Ta BEPTUKAIBHUX LIAXT VIS Tigpoar-
perariB y CKJIaJHHUX 1H)KEHEpHO-TeOJIOTIYHIX YMOBaX. B pe3yibpTaTi BUKOHAaHUX aHATITHYHHUX JOCIHIIKEHb 0OOTPYHTOBA-
HUH KOMOIHOBaHHU METOJ CTBOPEHHS aHKEPHOTO HaOpM3rOETOHHOTO KPIIICHHS IPH MPOXOAIi BOJOBOIIB, IO € Haii-
ORI pamioOHATHFHUM IS iIHKEHEPHO-TEOIOTIYHNX YMOB TIiIBUIICHOI CKIaIHOCTI.

HaykoBa HoBH3HA. [{711 yMOB OyIiBHUIITBA TiAPOAKyMYJIIOI0YO0] eleKTpOoCcTaHIil Ha p. JIHicTep BU3HAYEHO eeKTH-
BHICTh METOJY OITYCKHOTO KOJIOJSI3s1 B TUKCOTPOITHOI COpOHIli MpU OyAiBHULTBI B cnabKux rpyHrax. OOrpyHTOBaHO
MMOETAIHUIH KOMOIHOBaHMI METO/I CTBOPEHHS aHKEPHOTO i HAOPH3rOETOHHOTO KPIIUICHHS ITPH IPOXO/IIli BOJOBOIIB.
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IpakTnyna 3HaunMicTh. OOIPyHTOBAHO 1 BIPOBA/KEHO HAWOLIBLI pallioHalIbHI CIIOCOOHM BEACHHS KOMILIEKCY Tip-
HUYOOY/IIBEJILHUX POOIT, 10 TO3BOJISIOTH 3/IHCHIOBATH OY/IBHUIITBO CKJIQJHOTO TiAPOAKyMYJIFOI0OUYOr0 00’€KTa TOTYX-
HicTiO IoHa 2.0 MITHKIIIOBAT, 1110 3a0e3Medye CyTTEBE IiIBUINICHHS HEPro030POEHOCTI 3aX1IHOrO periony YKpaiHu.

Knrouosi cnosa: 2iopoaxymynonoua enekmpocmanyisi, OPeHadcHa WmobHs, NIOXIOHA WMOJbHA, Waxmu 2iopoazpe-
2amis, 600ONPUUMAY

OB30P TEXHOJIOI' il COOPYKEHHWS OFBEKTOB JJHECTPOBCKOM
TUJIPOAKKYMYJIMPYIOHIEN DJEKTPOCTAHIIUM

A. Pagkesuu, B. [lerpenko, A. TrotekuH, 0. I'opbatiok, B. [1apinos

Leanb. BoImoaHUTs 0030p TEXHOJIOTHH COOPY>KEHUS W BBIABUTH 3()(EKTHUBHOCTh YKPAWHCKOI'O OIBITA CTPOUTENb-
CTBa IMJPOAKKYMYJIMPYIOLIEH IEKTPOCTAHINN Ha p. [IHECTp B CIIOKHBIX MHKCHEPHO-TEOJIOTHIYECKUX YCIOBHSX C BO3-
BEZCHUEM KPYNHBIX OA3EMHBIX OOBEKTOB, BKIIFOUAs! IIAXTHBIC CTBOJIBI U THIPOTEXHUYECKHE TOHHEIIH.

Metoauka. B paboTte paccMOTpEHBI W NPOAHATM3UPOBAHEl OCHOBHBIE TEXHOJIOTHUYECKHE CIIOCOOBI TMIAPOTEXHUYE-
CKOT'O CTPOHUTENBCTBA CIIOKHBIX KPYITHBIX MTOA3EMHBIX COOPYKEHHH B CKaJIbHBIX IIOPOJaX CPEAHEH KPETOCTH T10 IIKale
M.M. IIpoToabpsIKOHOBA C IIPUMEHEHHEM CIENUAIBHOTO CIOco0a OIyCKHOTO KOJIOAIA M KOMOMHMPOBAHHOTO criocoda
BeZIeHHsI OypOB3PBIBHBIX PadOT MPHU MPOXOJKE TOPHBIX BHIPAOOTOK Ha OCHOBE 3aMEJICHHOTO M KOPOTKO3aMEJICHHOTO
B3pbIBAHUA. Pacuer AHKCPOB IPHU MPOXOJAKE BOAOBOJOB BLIMIOJHAJICA U3 YCIOBUA NOABCHIMBAHUSA 6.]10[(3 HapyﬂleHHOf/lI
HOPOJIbl, TOJIIMHA KOTOPOTO NPHHUMANACh PaBHOI BbICOTE cBoja oOpyuieHus nmo M.M. I[IpotoapskonoBy. Pacuer
napaMeTpoB HaOpbI3roeTOHa MPOU3BOIUIICS TaKke 1o Teopud B.M. MocTtkosa.

PesyabTaThl. BenonHeH aHamu3 COBPEMEHHOIO COCTOSHUS UCCIEI0BAHUMN, TEOPETUUECKUX MOJI0KEHUN 1 MUPOBOM
MPAKTUKH CTPOUTEILCTBA TMAPOAKKYMYIHPYIOIUX CTAHIMN, CBUAETEIBCTBYIOLUMHA O BHICOKOM NOTEHLMANE JaHHOIO
BUJIa 3HEpreTHYeckux 00bekToB. OO0CHOBaHA 3((HEKTUBHOCTD MOA3EMHOT0 I'MIPOTEXHHYECKOTO CTPOUTENbCTBA JlHe-
CTPOBCKOH cTaHIMU. [IpencraBieHbl pe3ynbTaThl IPUMEHEHNST KOMIUIEKCA TOPHONIPOXOIECKHX M CTPOUTEIBHBIX Me-
TOJIOB M TEXHOJOTMYECKOTO 000pPYIOBAaHUS AJSI COOPYKEHHSI TOPU3OHTAIBHBIX U OTBOAAILINX BOJOBOJIOB, IPEHAXKHBIX
LITOJIEH M BEPTUKAIBHBIX IIAXT JUIS THIPOArPETAaTOB B CIOKHBIX MHKEHEPHO-TEOJIOTHYECKNX YCIOBUAX. B pesyiprare
BBIIIOJIHEHHBIX aHAIUTHYECKUX MCCIEIOBaHMH 000CHOBAaH KOMOMHHMPOBAHHBIA METOJ CO3/aHUS aHKEPHOH HaOphI3roe-
TOHHOHM KpemnW NP NPOXOJKE BOIOBOJOB, SBIIFOLIMICS HAanOOJIEe PalMOHAIBHBIM I WHKCHEPHO-T€OJIOTMIECKUX
YCIJIOBUI NIOBBILIEHHOMN CJIOKHOCTH.

Hay4ynasi HoBH3HA. [[/1s1 yCIIOBHI CTPOUTENBCTBA THIPOAKKYMYJIHPYIOLIEH IEKTPOCTaHIUM Ha p. JIHECTp ompezeieHa
3 QeKTUBHOCT METO/Ia OITyCKHOT'O KOJIOALA B THKCOTPOITHOM pyOalliKe MPU CTPOUTENLCTBE B Cilabbix rpyHTax. OO0CHOBaH
MIO3TAITHBII KOMOMHUPOBAHHBIA METO]] CO3/1aHHs aHKEPHOM M HAOPHI3rOETOHHOM Kperiel Ipy MPOX0IKe BOAOBOIOB.

[pakTuyeckasi 3HaYNMOcTh. OOOCHOBaHBI M BHEAPEHBI Hanbosee parroHaNbHBIE CIIOCOOBI BEAEHHUS KOMILIEKCa
TOPHOCTPOUTEIBHBIX paboT, O3BOJISIONINE OCYIIECTBIATh CTPOUTEIBCTBO CIIOKHOTO THIIPOAKKYMYJIHPYIOIIETO 00BEK-
Ta MOIIHOCTHIO Ooyiee 2.0 MITH KMJIOBATT W OOECIIEUMBAIOIIETO CYIIECTBEHHOE MOBBLIIICHHE YHEPTrOBOOPYKEHHOCTH
3anaiHOTO peruoHa Y KpauHsbl.

Knrouegvle cnoea: cuopoaxkymyaupylowds 21eKmpocmanyust, OpeHad CHas WmMoabHs, NOOX0OHAS WMONbHA, WaX-
mbl 2u0poazpezamos, 6000NPUEMHUK
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