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ABSTRACT

The paper considers the results of the research
of civil structures reliability and safety of the
Dnistrovska PSP hydraulic structures (HS).

The considerable attention is paid to the reliability
issues in the world. The reliability and safety
of hydraulic structures must be ensured during
their operation, as well as during their repair,
reconstruction, maintenance and their liquidation.
The HS are widely used in the various areas of
the economy. Therefore, an important task of the
Ukrainian hydropower industry is to ensure the
safety and reliability of these structures.

The HS operation features that require to be

considered in the design, construction and oper-
ation are presented, and a brief description of the
Dnistrovska PSP hydraulic structures is given. The
NIISK State Enterprise experts commissioned by
the PJSC "Ukrhydroproekt" performed a visual
and instrumental survey (by destructive and non-
destructive methods) of the reinforced con-crete
structures of the fixture of the water intakes and
water outlets flow-through part for hydraulic units
5 and 7 and the reinforced concrete areas of the
penstock conduits 5 and 6 of the Dnistrovska PSP,
as well as conducted an instrumental survey of bored
piles of the upper structure of the PSP building
and the technological building within hydraulic
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units 5-7 and based on the survey results prepared
their technical condition assessment. The concrete
carbonation depth was determined in all surveyed
areas. The concrete strength determination was
carried out with core drilling in labora-tory
conditions at the NIISK State Eenterprise.

It is shown that the regulatory criteria for safety
and technical conditions of hydraulic struc-tures
being in operation are outdated and therefore
it is necessary to develop a standard (DBN) to
regulate the principles of determining the criteria
of safety, reliability and technical conditions of
hydraulic structures. To ensure the hydraulic
structures reliability and safety and legal regulation
of relations, it is necessary to complete the draft
development as soon as possible and adopt the law
of Ukraine "On the Hydraulic Structures Safety".
KEYWORDS: safety, water conduit, water outlet,
water intake, hydraulic structures, pumped storage
power plant (PSP), carbonation, strength, reliability,
assessment of technical condi-tion, survey, technical
condition

OIIIHKA
HEZAOBY/JOBAHHUX
JAHICTPOBCBKOI TAEC

TEXHIYHOTO CTAHY
KOHCTPYKIIIH

AHOTANIA

B cTaTrTi pO3rAAHYTI Pe3yAbTATH JAOCAIAKEHBb
HagiifHOCTI Ta 6e3nmeku OyAiBeABHUX KOHCTPYKIIH
rigzporexuiunux cunopys (I'T'C) Aunicrposcbkoi
I'AEC.

[TuranHAM HaA1HHOCTI y CBITI HPHUAIAAETHCA 3HAY-
Ha yBara. Hagiiinicrs 1 6e3nexa cropys IOBUHHI
6yru 3abe3rnedeni B nepios eKcrAyaranii, a TaKox
IIPU PEMOHTI, PEKOHCTPYKLii, KoHcepBanii Ta ix
AikBiganii. 'TC mMupoKo 3aCTOCOBYIOThCA B PI3HUX
cpepax rocmogapcrsa. Tomy BaKAHBOIO 3ajadero
rijpoeHepreTuku YKpainu € 3abesnedeHHsa Oesre-
KU Ta HaAliHICTb po6OTH IIUX CIIOPYA.

Hasgeaeni ocobausocti poboru I'TC, mo norpeby-
I0Tb IX BpaXyBaHH:A IIPU IIPOEKTYBaHHI, 6y41BHULITBI
Ta eKCIIAyartanii Ta gaHa KOPOTKA XapaKTepPHCTH-
ka I'TC Anicrposcskoi I'AEC. ChoiBpobiTHHKHN
ATl «/JepxaBHUII HAyKOBO-ZOCAIZHHH IHCTHTYT
6yaiBeApHUX KoHcTpykuih» (AI1 HAIBK) Ha
samoBaeHHa IIPAT «Yxkprigponpoekr» BHKOHA-
AU Bi3yaAbHE Ta IHCTPYMEHTAaAbHE OOCTEKEH-
Hs1 (pyHHIBHUMH Ta HEPYHHIBHHMH METOJAMH)
3aAi300€TOHHUX KOHCTPYKIIH KPIMA€HHS IIPOTOY-
HOI YaCTHHU BOAONPHUHMAYIB Ta BOAZOBUIIYCKIB JAS
rigpoarperatis NeNe 5, 7, 3aAi306€TOHHUX AIAAHOK
migBigHUX BoZoBOgiB Neb ta Ne6 /nicTpoBchKOi
I'AEC, a TakoX IIpo-BEAH IHCTpyMEHTaAbHE obcTe-
XKeHHs1 OypoHAaOMBHHUX IaAb BEPXHBOI YacCTHU-
Hu 6ygiBal T'AEC Ta TEXHOAOTrIYHOroO KOPIyCy
B Mekax rigpoarperatiB NeNe 5-7 i 3a pesyAs-
TaTaMH OOCTEKEHb JaAH OIIHKY IX TEXHI4HOTrO
crany. Busnadennsa rambunu kapbomnisamii 6ero-
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HY BUKOHYBAAOCSH Ha BCIX 06CTEKYyBAaHUX JIATHKAX.
Busnayenna wMinHOCTI 6€TOHY HPOBOJHUAOCA i3
BHOYpPIOBAHHAM KEPHIB B AabOpaTOPHUX YMOBax B
A1 HAIBK.

IlokazaHo, mo HOpPMaTHUBHI KpuTepii Oe3mexH
1 TeXHIYHI CTaHH IOAO TIAPOTEXHIYHUX CIOPYJ,
AKl 3HAXOAATBCA B EKCIAYyaTalil, € 3acTapiAUMHU
1 ToMy caig pospobutn ABH, mo peraameHtye
NpUHLOUIN BH3HA4YeHHA KpuTepiiB 6esnexu,
HAJgIMHOCTI Ta TEXHIYHUX CTAHIB TIiAPOTEXHIYHHX
cnopya. JAas 3abesnedeHHs HajllHOCTI Ta 6e3nekH
ripOTeXHIYHUX CIIOPYA 1 IPaBOBOIO PEryAIOBaH-
Hs BiAHOCHH HeoOXi14HO AKHAUIBUAIIE 3aBEPIIUTH
pO3pobKy HMpOEKTy Ta NpHHHATH 3aKOH YKpaiHu
«ITpo 6e3neKy riZzpoTeXHIYHUX CIOPYA».
KAIOUOBI CAOBA: 6esmnexa, BOJgOBijg, BOJAO-
BUIIYCK, BOJOIpPHUIIMAad4, TiApOTeXHi4HI CcHOpY-
AH, TigpoakyMmyaloloda eaektpocrannia (I'AEC),
kapbonizanis, MINHICTh, HagIHHICTB, OILjIHKA
TEXHIYHOTO CTaHYy, 0OCTeKEeHH, TEXHIYHUM cTaH

OLIEHKA TEXHHMUYECKOIO COCTOSHHUA
HEZOCTPOEHHBIX KOHCTPYKIIUM
AHECTPOBCKOM IA3C

AHHOTAIKUA

B cratbe paccMOTpEHBI PE3YABTATBHl HCCAEAO-
BaHHMA HAJAEKHOCTH M 6€30MacHOCTH CTPOUTEAD-
HBIX KOHCTPYKIHMH THAPOTEXHUYECKHX COOPYKe-
Huii (I'TC) Auectposckoii 'ADC.

Bonpocam HajeXHOCTH B MHpE yAEAsAETCA 3Ha-
yuTeAbHOEe BHUMaHHe. Hagexuocts m 6e3omac-
HOCTbh 9THX COOPYKEHHH AOAXKHBI OBITH obecmeue-
HBI B IEPHO/ 9KCIIAYATALIUH, A TAKKE IIPU PEMOHTE,
PEKOHCTPYKIIUH, KOHCEPBALIUM M HX AMKBHJAILIUH.
I'TC mupoko NpUMEHAIOTCSA B PAa3AHYHBIX OTpac-
AfIX HapoAHoro xo3siictsa. [Toaromy BaxHOI 3asa-
4yeil ruAPOSHEPTETUKH Y KpauHbl siBAsAeTCA obeclie-
yeHue 0E€30IACHOCTU M HAJEXKHOCTH PabOTBI 9THX
COOPYKEHHH.

ITpusegensr ocobennoctu paborer I'TC, Tpe-
6yomune MUX ydera IPH HPOEKTHPOBAHUH, CTPOH-
TEABCTBE M DKCIIAYATAIlMU U JaHAa KpaTKas Xapak-
tepuctuka /Juecrposckoii I'ADC. CorpyaHuxu
«['ocygapcTBEHHOr0 HAy4YHO-HCCAEZOBATEABCKOTO
HHCTHTYTA CTPOHTEABHBIX KOHCTpyknuii» (I'T1
HHNHMCK) no 3akazy YAO «YKprugpomnpoekt»
BBIIOAHHAHU BH3yaAbHOE U HHCTPYMEHTAABHOE
obcregoBaHHue (pa3spymalOIUMH H Hepa3pylia-
IOMIMHA METOJaMH) KeAe300€TOHHBIX KOHCTPYK-
OUH KPENAE€HUA NPOTOYHOM YAaCTH BOAONPHUEMHH-
Ka U BOJOBBIIYCKOB AASl THApoarperatoB NeNe 5,
7, *KeAe300€TOHHBIX YYACTKOB IOABOJSIIUX BOJO-
BogoB Neb u Ne6, /Juecrposckoii 'ADC, a Takxe
IPOBEAU MHCTPyMEHTaAbHOe obcaegopanme 6ypo-
HAaOHBHBIX CBAll BepXHEro crpoeHus 3jganusa 'ADC
U TEXHOAOTHYECKOTO KOpIHyca B IpeAeAax THApo-
arperatroB NeNe 5-7 um mo pesyapratam obcaego-
BAHHH JaAHM OIEHKY HX TEXHHYECKOTO COCTOA-




nusa. Onpegenenne raybunsl Kap6onusanuu 6ero-
Ha BBIIIOAHAAOCH Ha BCeX 0OCAE€AYEMBIX ydacTKaxX.
Onpegererue npodHocTu OGeTOHA MPOBOAUAOCH C
BEIOYpHBAaHUEM KEPHOB B AAOOPATOPHBLIX YCAOBHUAX
B I'lT HUHUCK.

ITokazano, 4To HOpMaTHBHble Kpurepuu 6e30-
MACHOCTH ¥ TEXHUYECKHE COCTOSIHUA B OTHOINEHUHU
rUAPOTEXHUYECKUX COOPYKEHHUH, HAXOAAIMXCH B
OKCIOAyaTallUU, ABAAIOTCA YCTAPEBHIUMHM U I10D-
ToMy cAaeayeT paspaborats /JBH, peraamentupy-
MU IPUHIUIBL OlpeJeAeHuss Kpurepues 6es-
ONACHOCTH, HAJAEKHOCTH U TEXHUYECKHUX COCTOHA-
HHUH THAPOTEXHHUYECKHX coopyxkeHHH. /Jarsa obe-
CIeYeHus HaJeKHOCTH U 6e30IMaCHOCTH IugpoTex-
HMYECKUX COOPYKEHUH M IIPABOBOTO PEryAHpOBa-
HHsA OTHOMIEHHH Heo6X0JMMO KaKk MOKHO ObIcTpee
3aBEPHIUTL Pa3paboTKy NPOEKTa U NPUHATL 3aKOH
Yxpauapl «O 0e300aCHOCTH THAPOTEXHUYECKUX

COOPYKEHHH».
KAIOUEBBIE CAOBA: 6e3omacHOCTb, BOJAOBOJ,
BOJOBBINYCK, BOJAONPHEMHHUK, THAPOTEXHHYE-

CKHE COOPYKEHHs, T'HAPOAKKYMYAHPYIOIAs DAEK-
tpoctannusa (I'’ADC), kapboHH3anusA, NPOYHOCTS,
HAa4€XHOCTh, OLEHKA TEXHUYECKOIO COCTOSHUS,
obcAaegoBaHUeE, TEXHUYECKOE COCTOSAHHUE

INTRODUCTION

The hydraulic structures (hereinafter HS) are
the main engineering structures that ensure the
reliable and safe operation of hydroelectrical power
plants (hereinafter HPP) and pumped storage
hydroelectric power plants (hereinafter PSP) and
significantly affect the economic, environmen-tal
and social situation in the regions of their location
[1]. The HSs are the special engineering structures
that constantly contact with calm or moving, salty
or fresh waters that have mechanical, physical,
chemical and biological effects on the structures.
The HSs features are manifested in the uniqueness
of hydraulic, topographic, engineering-geological
and natural conditions of their operation, which
should be considered in the process of their design.
The HPP and PSP play an important role in the
operation of the United Power System of Ukraine.
The waterpower engi-neering in the Ukrainian is
based on the Dniprovskyi hydroelectric power chain
(with 3920 MW capacity), Dnistrovsky hydroelectric
power chain (with 744 MW capacity) and some
operating small HPPs (the total capacity is near
100 MW). The hydroelectric developments of the
Dniprovsky and Dnistrovsky hydroelectric power
chains mainly belong to the CC3class of consequences
(responsibility). The possible accidents at these
potentially hazardous facilities would have a mul-
tivariable impact on the natural environment,
human lives and business activities. The reliability
and safety of these hydroelectric developments must
be ensured for their operating period, as well as

during their repairs, reconstructions, conservation
and liquidation. Therefore, the HSs reliability and
safety issues are given a considerable attention
around the world.

Besides, the HPPs, as a rule, cover the peak part
of the energy system load curve, and PSPs cover
the load curve failed part and perform the function
of emergency and load reserves. It is the HPPs
with the large water reservoirs of complex purpose
and their chains (Dniprovskyi and Dnistrovskyi)
that perform the tasks of regulating river flow and
form water management sys-tems. This gives rise to
the acceleration of the surrounding infrastructure
development and economic growth of Ukraine.

The goal of the work. Assessment of the
technical condition of the HS civil structures at
the Dnistrovska PSP, one of the main hydropower
facilities of Ukraine, which are in an unfin-ished
condition, to ensure their further completion and
reliable and safe operation

Research methodology. The destructive and non-
destructive methods use for the visual inspections
and instrumental surveys of the concrete condition
at the HS, which is in an incomplete construction
state for a long time.

GENERAL CHARACTERISTICS
HYDROPOWER FACILITIES OF UKRAINE

Dniprovskyi chain of HPPs (93 hydroelectric
units with a capacity of 3920.8 MW). The
Dniprovskyi chain of HPPs includes six hydropower
plants, namely, Kyivska (capacity 361/440 MW),
Kanivska (capacity 528 MW), Kremenchutska
(capacity 682.8 MW), Seredniodniprovska (capacity
387 MW), Dniprovska (capacity 1548 MW) and
Kakhovska (capacity 335 MW), which were built in
the period from 1932 to 1972, as well as the Kyivska
PSP (capacity 235 MW) [2, 3].

Dnistrovskyi chain of HPPs (9 hydroelectric
units with a capacity of 744 MW without the
Dnistrovska PSP). The Dnistrovskyi chain of
HPPs includes two hydropower plants, name-
ly, Dnistrovska HPP (6 hydroelectric units with
a capacity of 702 MW) and Nyzhniodnistrovska
HPP (HPP-2) (3 hydroelectric units with a capacity
of 41.8 MW), as well as the Dnistrovska PSP (7
hydroelectric units with a design capacity of 2268
MW in a generation mode and 2947 MW in a pump
mode). The first units were commissioned in the
period from 1981 to 2009 [2, 3].

Dnistrovska PSP. The location plan and general
view of the Dnistrovska PSP are shown in Fig. 1.
The Dnistrovska PSP is one of largest pumped
storage hydroelectric power stations in the world.
The Dnistrovskyi Hydropower Complex project
was designed in the 1970s and envisaged a number
of facilities, including the hydropower plants 1
and 2 (HPP-1 and HPP-2), a pumped storage
hydroelectric power station (PSP) and a nuclear

OF
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power plant (NPP). The role of regulatory power
for a nuclear power plant was assigned to the PSP.
Later, the NPP construction project was removed
from the plan of the hydropower complex, and
the construction of the PSP was stopped in 1991
due to lack of funds and resumed in 2001. The
Dnistrovska PSP is located near the village of
Vasylivka, Sokyrianskyi district, Chernivtsi region.
The town of Novodnistrovsk (Chernivtsi region)
with a population of over 15,000 people located 8
km from the construction site of the PSP upstream
of the Dnister River is the closest to the PSP.

The location of the Dnistrovska PSP in this
region is due to the exceptional possibilities of
using the buffer reservoir of the Dnistrovska HPP
as the lower basin of the PSP and the presence of a
height difference of about 150 m between the lower
reservoir level and the plateau on the right bank with
the PSP upper reservoir arranged on it, construction
production base, roads, communications, pits, as
well as a team of builders dismissed after the
Dnistrovska HPP con-struction completion who
accumulated a considerable experience in the
construction of large energy facilities. All buildings
of the Dnistrovskyi complex are connected by
the existing highway from the Dnistrovska HPP
to the Nyzhniodnistrovska

capacity of 2268/2947 MW, the Dnistrovska PSP
is the largest in Europe among PSPs of this type
currently under construction. The Dnistrovska PSP
is unique as it operates in a "pump-turbine” mode,
which allows the use of the energy stored at night
to generate electricity during peak loads in the
grid. Preparatory works for the station construction
began in 1983, but due to external circumstances
the construction period was extended.

The first hydroelectric unit of the Dnistrovska
PSP was put into the trial and industrial op-eration
in December 2009, the second one - in 2014 and
the third one - in 2016. The total capacity of the
three hydroelectric units is 972 MW in generator
mode and 1263 MW in pump mode. The numbers
of starts of GD1 + GD3 hydroelectric units by years
is shown in Table 2.

In December 2020 the start-up operations were
carried out on the PSP hydroelectric unit 4. The
fourth unit will have a capacity of 324 MW in
generator mode and 421 MW in pump mode.
The commissioning of the hydroelectric unit 4 is
scheduled for 2021. In total, 7 hydroelectric units
with a total capacity of 2268 MW in generator mode
and 2947 MW in pump mode will be installed at the
Dnistrovska PSP.

HPP. The road from Table 1 - The main design indicators of the Dnistrovska PSP
Novodnistrovsk city to
the buffer reservoir of the Value
Dnistrovska HPP passes ) (for 7
through the dam of the Parameter name Unit hydroelectric
Dnistrovska HPP and units)
further along the left |1 Installed electric power:
bank of the Dnister River |-in generator mode MW 2268
through the Ukrainian |-in pump mode MW 2947
territory. 2 Annual electricity generation )

The Dnistrovska PSP was | (operation time of 4 hours per day) min kWh 2720
desgned by the Ulrainian | Ammul ety comtumption ot ot | iy, | sao

€sign an esearc .
Institute Ukrhydroproekt | 4 Main equipment:
in 1984 with the indicators | - turbine pump of OPO 170-B-730 type pes 7
shown in Table 1. - hydroelectric generator-motor pes -

The main functions of | CBO 2-1255/255-40YXA\4
the Dniester PSP are to |2 Normal water level (NWL):
regulate the frequency and |~ ?eadwater pond m +3§91’380
schedule of loads, cover the ;;Ewer rtesewm:_ Tovel (LOL): m 7,
variable loads of the power owest operating level (LOL):

. - headwater pond m
system, improve the mode Jower reservoir o +215,500
of operation of thermal +67,600
power plants by reducing o (gross):
their daily shutdowns and -
. ‘ - maximum m

reducmg.fuel CONSUMPLON. | _ i ium m 161,90
The Dnistrovska PSP is 138,40
inc'lu(.ied in the list of the ['8 Storage volume:
priority —energy projects, | headwater pond - total storage mln m® 41,43
as well as in the updated - active storage mln m® 32,70
Energy Strategy of Ukraine | lower reservoir - total storage mln m’ 58,10
until 2030. With a planned - active storage mln m® 51,60

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 2(28)2021




Table 2 - Numbers of I'/J1+I'/13 hydroelectric units starts by years

Years Total
Hydroelect starts
ric units | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | since
2009
rJa-1 28 | 202 | 477 | 532 | 710 | 600 | 901 | 642 | 543 | 449 5249
ra-2 - - - - - 267 | 835 | 713 | 617 | 521 2952
ra-3 - - - - - - - 398 | 566 | 523 1487

On October 2, 2020, President of Ukraine V.O.
Zelensky visited the Dnistrovska PSP. "The complete
construction of the Dnistrovska PSP will increase
the reliability of energy supply and expand the
export potential of the state energy system. It is
possible to maintain high-quality electricity supply
to Moldova and Romania", he said. According
to the preliminary plan, the construction of all
hydroelectric units is planned to be completed by
2028. While at the power plant, the head of state
discussed with the PSP management the possibility
of the units faster completion.

After completion of construction, the Dnistrovska
PSP will ensure the reliable operation of nuclear
power plants, bring to the regulatory level by
frequency the produced electricity quality,
significantly increase the energy supply reliability,
strengthen Ukraine's energy security and expand
the export opportunities. Currently, three units of
the first stage have been put into operation. The
construction of the fourth unit is in the final stage.
In the nearest future, the so-called "scrolling" of the
unit and the start of commissioning operations are
expected. “In 2020, we plan to make the first start
of unit 4 by the Power Engineer Day, and in the
next 2021 to put it into commercial operation”, said
Vasyl Subota, the Dnistrovska PSP Director.

According to PJSC Ukrhydroenergo data, the
PSP is able to replace 200 MW produced by thermal
power stations (TPS), which will save 125 mil-
lion m® of gas annually (about $ 48.128 million) and
1.1 million tons of coal ($ 99.3 million).

The Dnistrovska PSP includes the following main
structures of hydroelectric developments (Figure 1):

- UppEr reservoir;

- advance camera and water intake;

- penstock;

- PSP building and hydroelectric units shafts;

- tailrace conduits;

- water outlet;

- tailrace channel;

- lower (buffer) reservoir with a complex of

protective structures;

- station platform with auxiliary structures.

General view of the Dnistrovska HPP and the
buffer reservoir of the Dnistrovska HPP (HPP-2) of
the Dnistrovskyi chain of HPPs is shown in Fig. 2.

Currently, the operation of the HS, which
are the parts of the hydroelectric developments
of the Dniprovsyi and Dnistrovskyi chains of
HPPs (except for the Nyzhniodnistrovska HPP
(HPP-2)), is carried out by the owner of these
hydroelectric developments, namely the PJSC
"Ukrhydroenergo". To increase the efficiency and

Figure 1 —Plan and general view of the Dnistrovska PSP
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Figure 2 — General view of the Dnistrovska HPP and the buffer reservoir

reliability of control over the safety and reliability
of HS of the Dniprovskyi and Dnistrovskyi chains
of HPPs (stress-strain state of concrete, subsidence
of structures and foundations, piezometric water
levels and filtration costs in the body, foundation
and adjacent to the shores of earth dams etc.)
they are equipped with automated control systems
(hereinafter - ACS). The reliability and safety of
these hydroelectric develop-ments HSs are ensured
on the basis of their technical condition assessment
by the analysis and generalization of the data of
field visual and instrumental observations on the
basis of ACS and system of monitoring of buildings
spatial displacements and the complex research of
the hydrau-lic structures current condition.
During the long operation of the hydroelectric
developments HSs at the Dniprovskyi and
Dnistrovskyi chains of HPPs no significant accidents
occurred there, which indicates the reliabil-ity and
safety of these facilities and the necessity to develop
the special measures for ensuring their further
reliable and safe operation at the appropriate level.
Some of the reinforced concrete fixture structures
of the flow-through areas of water in-takes and
water outlets of hydroelectric units 5 and 7, as
well as the reinforced concrete areas of inlet water
conduits 5 and 6 at the Dnistrovska PSP were not
completed and during several years were affected by
atmospheric factors or moisture, which has caused
the necessity to assess the technical condition of
these structures concrete. On the request of the PJSC
"Ukrhydroproekt" the NIISK’s experts performed
a visual and instrumental survey (destructive and
non-destructive methods) of reinforced concrete
fixture structures of the flow-through areas of
water intakes and water outlets of hydroelectric
units 5 and 7, reinforced concrete areas of penstock
conduits 5 and 6 at the Dnistrovska PSP, as well as
conducted an instrumental survey of bored piles
of the upper structure of the Dnistrovska PSP
building and the technological building within the
hydroelectric units 5-7 and assessed their technical
condition based on the results of surveys. The
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determination of the concrete carbonation depth
was performed at all surveyed zones. In laboratory
condi-tions at the NIISK the concrete strength was
determined with cores drilling.

The flow-through system plan is shown in Fig. 3.
The longitudinal section of the flow-through system
is shown in Fig. 4.

Water intake channel (Figures 3 and 4). The
water intake structure dimensions are 8.0 m along
the waterfront and 64.7 m along the flow. The
maximum height from the bottom is 35.25 m.
Water intake channel consists of two sections.
The first section includes the flow-through sys-
tems of water conduits 1- 3 and the second one
— the flow-through channels of conduits 4 - 7. At
the area of its connection with the vertical water
pipes, a contraction joint is arranged. The water
conduits areas, which ensure the transition from a
square section to a round one, are made with metal
cladding. The metal cladding of the water intake
structure is connected with the metal cladding of the
water conduits by means of compensators installed
in reinforced concrete chambers (compensator
chambers). Each flow-through channel has two
rows of grooves with the first one being designated
for a plane repair gate and the second one is for an
emergency repair gate. The gates are serviced by
a gantry crane with a capacity of 2x180 + 5 tons,
which moves along the water intake top. During
the units 1 - 4 operation the water intakes 5 — 7
are blocked by the construction fences. The gates
storage facilities (section 1 and section 2) are built
on both sides of the water intake structure to store
the gates.

To increase the units 1-7 operation reliability, it
is envisaged to install the high-speed valves with
individual drive (rope mechanism with a capacity
of 2x180 tons) in the grooves of emergency and
repair valves of the water intake structure. The
repair access to the flow-through part of the water
intake structure is possible through the grooves of
emergency and repair gates after dismantling the
lifting system of high-speed gates.
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Figure 4 —The longi-tudinal section of the flow-through system of the Dnistrovska PSP
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Penstock (pressure water conduits) (Figures 3
and 4). Seven threads of penstock tunnel conduits
come from the water intake to the hydroelectric
units shafts of the PSP building, with each thread
including:

- a vertical area with a steel-concrete composite

fixture of 100 m height and 7.5 m diame-ter.
The vertical area consists of the upper leg,
vertical chamber and lower leg; and

- a horizontal area with a diameter of 7.5 m

and a length of about 400 m, of which 200 m
behind vertical areas are made with the 400
mm thick reinforced concrete fixture and 200
m to hydroelectric units shafts - with 500 mm
thick steel-concrete composite fixture.

Soils along the route are formed of sandy loam
and loam, semi-rocky and rocky. For the compact
arrangement on the site and preservation of
the rocks natural state during construction and
operation, the vertical shafts are arranged in a
checkerboard pattern.

The vertical water conduits 1-3 are made with a
full design readiness as a part of the first PSP stage.
As a part of the second PSP stage, the installation
of borehole drainage is envisaged on the areas
of penstocks 5 - 7 with steel-concrete composite
fixture.

For start-up of hydroelectric units 5-7 it is
necessary to arrange the permanent fixture of
penstock 5 at the vertical and horizontal areas
with metal cladding, to perform the penetration
of the temporary and permanent fixtures of the
penstock 7 vertical area and penetration of the
lower benches of the penstocks 6 and 7 horizontal
areas with temporary supports and to arrange
the penstocks 6 and 7 permanent fixture and
reinforcing cementation.

Upon completion of the construction of the
penstock tunnel conduits and connecting gal-lery,
access adits used for their construction will be
liquidated. The access adits 1 and 3 behind the
penstock 7 will be liquidated by backfilling with
rocky soil and subsequent cementation. The access
adit 4, which connects the penstock 7 with the
gallery, will also be liquidated.

Water outlet (Figures 3 and 4). A water outlet,
which includes seven discharge openings connected
from the tail water side by one reinforced concrete
structure, is adjacent to the tailrace conduits. The
water outlet front length is 182.0 m, width - 45 m
and height - 28.8 m.

In each flow-through part, the discharge opening
is divided by a center pier into two spans, which are
closed by the plane repair gates. To prevent the
debris entering into the flow-through part from
the tailrace channel, garbage-retaining gratings
are installed in the spans. Maneuvering of gates
and gratings is carried out by the gantry crane
with a loading capacity of 2x63 + 5 t. The water




outlet is equipped with operational repair gates
and building fences. Next to the water outlet the
gate storage facility has been built to store the
gates. The water outlet is structurally divided by
deformation joints into seven sections. In the water
outlet sections there are the following premises:
for drainage pumps, fire extinguishing pumps,
technical water supply pumps of hydroe-lectric
units; premises of deaerators, water intake valves
of technical water supply and filters. The section of
electrical switchboards and ventilation rooms and
the gate storage space are adjacent to the first water
outlet section. The galleries of technical water
supply conduits of hydroelectric units 1-7 come
from the filters premises of the water outlet sections
1, 2, 5 and 6 towards the hydroelectric units shafts.
To increase the operation safety of the first stage
at the water outlet the installation of high-speed
gates in the grooves of emergency repair gates
of hydroelectric units 1-7 with individual drives
(rope mechanism with a capacity of 2x75 tons) is
envisaged.

The technical condition of individual structures
was determined as by the general analysis of defects
and damages revealed based on the survey results.
Considering the bearing capacity and operational
properties, the structure technical condition is
referred to one of the following categories [4]:
normal condition, when no defects and damages
that reduce the bearing capacity and durability or
interfere the normal operation exist; satisfactory
condition, in which the performance of the
structure corresponds to the category of technical
condition 1, but there are partial deviations from
the design requirements, defects and damages that
may reduce the structure durability or partially
violate the requirements of the second group
of limit states; unusable condition in which the
structure does not meet the categories of technical
condition 1 and 2 in terms of load-bearing capacity

or normal implementation of protective functions,
but the defects and damages analysis with verified
calculations reveals the possibility of ensuring
its integrity before repair, reinforcement , or
replacements; emergency condition, in which the
requirements of the first group of limit states are
violated and the defects and damages analysis with
verified calcula-tions shows the impossibility to
guarantee the structure integrity before its repair,
reinforcement or replacement.

Inspection of the reinforced concrete fixture of
water conduits 5 and 6, and flow-through parts of
water intakes and water outlets of hydroelectric
units 5-7 in the specified areas (Figures 3 and 4) was
carried out with the following methods application:

1) the full-scale visual inspection with detecting

the reinforced concrete fixture defects
and damages, their volume determination
depending on types, recording in a graphic
and tabular forms, and also photofixation;

2) the instrumental concrete strength

determination by a non-destructive shock-
pulse method;

3) theconcretestrengthlaboratorydetermination

based on the results of testing drilled cores;

4) determining the concrete carbonation depth

on drilled holes.

The technical condition of reinforced concrete
fixture of these structures was assessed taking into
account the results of all survey components 1 - 4.

Visual inspections. When performing the full-
scale visual inspections of the flow-through parts of
the water intakes and water outlets for hydroelectric
units 5-7 and the reinforced concrete sections of the
penstock conduits 5 and 6 of the Dnistrovska PSP,
the following operations were performed [4]:

- inspection of wall elements, ceiling and bottom
and water conduits fixtures to determine the
nature and parameters of damages;

- photofixation of defects and damages; and

Figure 5 — The general view of water intake 7 and water outlet 6
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- graphic design of survey materials.

A general view of the flow-through parts of the
water intake 7 and water outlet 6 is shown in Fig. 5.

The flow-through parts of water intakes and
water outlets. During the visual inspection of
the fixtures of the flow-through parts of water
intakes and water outlets of hydroelectric units
5-7, the following defects and damages were
recorded: soaking in the areas of walls, ceiling and
bottom; cracks with opening width from 0.1 mm
to 0.4 mm in the walls areas; bared and corrod-ed
reinforcement; poor concreting; efflorescences on
walls areas, ceilings and bottoms due to filtration of
water through concrete in some areas of the water
intake flow-through part are not removed.

Based onthevisualinspection offlow-through parts
of water intakes and water outlets of hydroelectric
units 5-7 the following is recommended: to inject
the zones of concrete contact with soil mass in order
to reduce filtration; to perform cracks cleaning and
injection of appropriate solutions in the area of
cracks in the concrete of the flowing part fixture
of the water intakes; to eliminate protrusions, sags
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and cavities in areas of poor concreting, and treat
the concrete surface with polymer solutions to
reduce its hydraulic roughness.

According to paragraph 5.2 of
DSTU-N B V.1.2-18: 2016 [4], the results of the
fixture inspection of the flow-through parts of water
intakes and water outlets of hydroelectric units 5-7
allow to characterize the technical condition of the
fixture reinforced concrete as satisfactory.

Penstock conduits. Water is fed to each
hydroelectric unit by an individual conduit, the
numbering of which corresponds to the hydroelectric
unit number. During the time of construc-tion, all
penstock conduits are connected by an 8.7 m wide
access adit 1, through which materials are fed, soil
and garbage are removed etc. Before water feeding
to each water conduit, the corre-sponding section
of the adit should be closed with a concrete plug.

Penstock conduits 5 and 6, which are under
construction, are designed to feed water to the
appropriate hydroelectric unit. Water conduits
consist of the following main elements (Figures 3
and 4):

Figure 6 — Conduits 5 and 6: a — cross section; 6 — conduit reinforcement;
B, T — gen-eral views on ITK1+96.4 and on ITK1+85.04 from access adit 1
of conduit 5 and conduit 6, respectively
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1) the water intake of a square cross-section
7.5 x 7.5 m, which is arranged as a part of
the retaining wall of the upper reservoir;

2) the vertical area of the water conduit having a
round cross-section with a diameter of 7.5 m;

3) the inclined area (i = 0.005-0.097) of
a round cross-section with a diameter of
7.5 m with a reinforced concrete fixture (at
the time of construction this area is crossed
by a transverse access adit 1);

4) theinclined area (i = 0.103) of a round cross-
section with a diameter of 7.5 m between
the access adit 1 and the shaft of the
hydroelectric unit 6; at about 20 m distance
from the adit, this area has a reinforced
concrete fixture, and further - a metal
cladding of a reinforced concrete cross-
section of the conduit.

At the survey time in December 2020, all these
areas of water conduits 5 and 6 were mainly
completed (Fig. 6). The transition area with a
length of about 12 m, which should be arranged at
the intersection of water conduits and access adit 1,
remained unfulfilled.

During the full-scale inspection of water conduits
5 and 6 several defects and damages of the reinforced
concrete fixture were revealed. They were included
in the following groups:

- a map cracking on a fixture surface;

- poor quality of concreting the local areas of
walls with sinks, cracks and formwork shear
traces on the surface;

- fixture surface unevenness and concrete sags
around the concreting joints;

- cracks at the concreting joints;

- cracks in concrete sags near concreting joints;

- individual cracks up to 1.0 mm in the walls;

- concrete sags on the tunnel walls;

- concrete massifs in the flume part of the
tunnel;

- the presence of soil, rock fragments and
construction debris in the flume part;

- point seeping through the walls and vaults of
the tunnel, some with water dripping;

- walls soaking with local strips from 0.2 to 2
m wide;

- separate soaking of walls with traces of rust;

- efflorescences on the walls in places of
previously removed seeping;

- water flows from the vertical areas of water
conduits with the stagnant strips formation at
the bottom.

Taking into account the results of the field
survey, as well as the results of instrumental
and laboratory tests, the technical condition of
reinforced concrete fixture of water conduits 5
and 6 within the surveyed areas was assessed
as satisfactory according to paragraph 5.2
DSTU-N B V.1.2-18: 2016 [ 4].

Instrumental studies of concrete strength by a
non-destructive method. The concrete compressive
strength for the flow-through part of the water
intakes and water outlets of hydroe-lectric units
5-7 and reinforced concrete fixture of the flow-
through part of water conduits 5 and 6 was
determined by non-destructive methods (shock
pulse method) in accordance with the requirements
of DSTU B V. 2.7-220: 2009 [5] using an ONYX-2.5
universal strength meter for building materials. To
significantly increase the measurements reliability
the measurements were performed simultaneously
by the shock pulse and elastic rebound. The
measurement results were recorded after applying
a series of 10 impacts to the reference area of the
structure and obtaining 20 primary results (by
shock pulse and rebound), their further processing
and variation coefficient calculation.

As a result of the concrete strength instrumental
testing by the non-destructive shock pulse method,
the actual concrete compressive strength was
determined for the reinforced concrete structures.
Itappeared to be not lower than the class established
by the project (B15), in particular:

- concrete strength of water intake of the
hydroelectric units 5-7 flow-through part
was in the range of 19.9 + 41.3 MPa, which
corresponded to the C12 /15 (B15) + C25/
30 (B30) con-crete grade;

- concrete strength of water outlet of the
hydroelectric units 5-7 flow-through part
was in the range of 20.1 + 37.6 MPa, which
corresponded to the C12 / 15 (B15) + C25/
30 (B30) concrete grade;

- concrete strength of the water conduits flow-
through part of the hydroelectric units 5 and
6 was in the range of 32.7 + 44.6 MPa, which
corresponded to the C20 / 25 (B25) + C25/
30 (B30) concrete grade.

Laboratory studies of concrete strength. To
determine the concrete compressive strength the
cores were drilled from the structures body. In
accordance with DSTU B V.2.7-223 [6], three
samples were made from the cores for each point.
The strength determination was performed based
on the results of laboratory tests in accordance with
DSTU B V.2.7-214 [7] and DSTU B V.2.7-223 [6].

Flow-through parts of water intakes. The
concrete compressive strength determined on the
cores drilled from the structures of the water intake
of wall and from the bottom was in the range from
24.8 to 40.3 MPa and 27.4 MPa, respectively, which
corresponded to the C20 /25 (B25) concrete grade.
Thus, the concrete grade of reinforced concrete
fixture of flow-through part of water intakes of
hydroelectric units 5-7 was not lower than the
grade specified by the project (B15).

Flow-through parts of water outlets. The concrete
compressive strength determined on the cores
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drilled from the structures of the water outlets
of the wall and from the bottom was 32.2 MPa
and from 26.2 to 36.0 MPa, respectively, which
corresponded to the C20 /25 (B25) con-crete grade.
Thus, the concrete grade of reinforced concrete
fixture of water intakes of the flow-through part
of hydroelectric units 5-7 was not lower than the
grade specified by the project (B15).

Penstock conduits. The average compressive
strength of drilled cores was 39.4 MPa, which
corresponded to the C20 / 25 (B25) concrete
grade. Thus, the concrete grade of reinforced
con-crete fixture of the flow-through part of the
water conduit 5 and 6 was not lower than the grade
specified by the project (B15)

Concrete carbonation. The corrosion damage
of concrete (carbonation depth) was determined
according to the procedures [8 and 9] by drilling a
core sample by means of a percussion bit (diameter
40 mm) and a perforator.

After the core retrieval, its surface and drilling
area were thoroughly cleaned of dust by blowing
out with air.

A phenolphthalein solution prepared according
to DSTU 7258 [10] was applied to the drill-ing
area. A few seconds after the phenolphthalein
solution application, the depth of structure
concrete carbonation was assessed based on the
phenolphthalein solution crimson color when it
interacted with the alkaline medium of concrete.
In points where the reaction did not take place,
phenolphthalein did not change its color to crimson,
which indicated the concrete carbonation. The
concrete carbonation depth was measured using a
caliper with a precision up to 1.0 mm. The depth
of a core drilling was up to 45 mm. Carbonation
was measured at a height of 1.3-1.7 m. To prevent
the reinforcement corrosion, it was recommended
to treat the protective layer of concrete structures
with clogging hydrophobic solutions containing
corrosion inhibitors.

Flowing parts of water intakes. The carbonation
depth of the reinforced concrete structures of the
water intake walls, in most cases, was up to 55-60
mm, near the gate grooves the concrete carbonation
was less reaching up to 27 mm, bottom concrete was
carbonized to a depth of 7 mm. The walls concrete
was carbonized for almost the entire thickness of
the protective layer (60 mm).

Flow-through parts of water outlets. The
carbonation depth of the walls reinforced concrete
structures of the water outlet to the hydroelectric
unit 5 along the entire structure length was from
33 to 45 mm and more in some points.

The carbonation depth of epy walls reinforced
concrete structures of water outlet to the
hydroelectric unit 6 from the left side reached up
to 41 mm; pier was carbonized up to 17 mm and
from the right side the carbonation was up to 6 mm.
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The carbonation depth ofwallsreinforced concrete
structures of water outlet to the hydroelectric unit
7 from the left side and the pier was from 23 to
45 mm and more; from the right side it was up to
16 mm.

The bottom carbonation depth was up to 22 mm.

The protective layer of walls and piers measured
during the cores drilling had a thickness of 100-130
mm. Thus, the concrete was carbonized to almost
half of the protective layer.

Penstock conduits. The carbonation depth of
the fixture concrete of water conduits 5 and 6 was
from 2 mm to 5 mm at the 70 mm thickness of the
concrete protective layer.

In all surveyed structures there were partial
deviations from the design requirements and
defects or damages that could reduce the structures
durability or partially violate the requirements of
the second group of boundary conditions, which in
the specific conditions of the structures operation
did not limit the intended use.

Almost all developed countries, which successfully
use the energy potential of rivers, have adopted
the laws "On the safety of hydraulic structures”,
which is due to the extremely high efficiency of
hydroelectric developments based on the rivers
energy recovery, the necessary depths creation
on the waterways and the reservoirs use for water
supply and irrigation. Ukraine has not yet adopted
any relevant law, though the draft law has been
under development for quite some time.

The existing safety criteria for the HS, adopted
in 1985, are largely outdated [11], so it is
necessary to develop new state building codes
(DBN), which should set out the basic require-
ments for determining the HS safety criteria and
corresponding structures conditions to ensure safe
operation of the HS.

CONCLUSIONS

1. Taking into account the field survey results,
as well as the instrumental and laboratory
tests results, the technical condition of the
flow-through parts of water intakes and
water outlets for hydroelectric units 5-7
and of the reinforced concrete fixture of
water conduit 5 and 6 in the surveyed
areas is assessed as satisfactory according to
paragraph 5.2 of DSTU-N B V.1.2-18: 2016
[4]. In general, the surveyed structures meet
the design requirements, but to ensure their
reliability and safe operation, it is necessary
to develop some additional measures.

2. To ensure the implementation of the
Hydropower Development Program for the
period up to 2026 and the Dnistrovska PSP
construction project completion in general,
it is necessary in 2021 to approve and
fulfil the project titled Dnistrovska PSP.




Construction of the PSP third stage as a part
of hydroelectric units 5-7.

To ensure the HS safety and the activities legal
regulation in the hydropower engineering
field, it is necessary to complete the draft law
development and adopt the Law of Ukraine
"On Safety of Hydraulic Structures", as well
as to develop the DBN on requirements for
determining the HS safety criteria.
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