rNAPOTEXHIMHE BYAIBHULTBO,
BOAHA IH)XXEHEPI TA BOAHI TEXHOAOTI

HYDRAULIC CONSTRUCTION,
WATER ENGINEERING AND WATER TECHNOLOGIES

UDC 626.86
DOI https://doi.org/10.32782/tnv-tech.2026.2.2.33

RECOMMENDATIONS ON EMERGENCY AND RESTORATION
WORKS OF WATER SPRING STRUCTURE 1 ON THE CHORNY
TASHLYK RIVER IN THE CITY OF NOVOUKRAINKA

Voloshyn M. M. — Candidate of Technical Sciences, Associate Professor,
Associate Professor at the Department of Construction, Architecture and Design
Kherson State Agrarian and Economic University

ORCID ID: 0000-0003-0467-1963

Scopus-Author ID: 58722751100

The article provides recommendations for emergency restoration work on the spillway
structure on the Chorny Tashlyk River in the city of Novoukrainka. The problem statement
and survey facts that affect the operation of the spillway structure are presented in detail. The
characteristics of the hydraulic structure and the Chorny Tashlyk River are given. A list of defects
is presented and the category of the technical condition of the structure is determined. The
technical condition of the supports is determined and the category of their technical condition
is determined. Two options for restoring the hydraulic structure to its working capacity are
presented. Consider in detail both options for restoring the hydraulic structure and present
the sequential execution of the work. Detailed information about the Chorny Tashlyk River is
provided, its main characteristics are given. The type of water regime of the river is given, a
multi-year schedule of average annual flows at the Tarasivka post is presented. Flow indicators
by year are given (the largest, average and smallest). A graphical characteristic of the maximum
flow rate of spring floods of the Chorny Tashlyk River is presented. Hydraulic calculations of the
Novoukrainske reservoir hydraulic structure are presented in 4 variants of the reconstruction
of the structures. Each of the variants is described in detail, the third variant is determined and
adopted in further calculations. A calculation table of the results of hydraulic indicators of all 4
options is presented. Specific design solutions for the overhaul of hydraulic structure No. I are
presented:

— dismantling of defective reinforced concrete beams,

— dismantling of metal segment gate;

— dismantling of metal gates of the sandor type;

— dismantling of beam slabs;
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— repair of the protective layer of concrete of stands and intermediate supports;

— repair of the protective layer of concrete of the beam ribs;

— installation of a new beam plate;

— installation of new metal gates of the sandor type;

— arrangement of a technological platform in the vicinity of the parking lot.

Repair work on the hydraulic structure is planned to be carried out with a phased closure of
half of the channel of the Chorny Tashlyk River by installing a gabion bridge from the intermediate
support to the bank at an acute angle to the hydraulic structure.

Key words: spillway structure, justification, repair gate, technical condition, operability.

Bonowun M. M. Pexomenoauii 3 aeapiiino-¢ioH061106anbHUX poodim 60008UNYCKHOT
cnopyou Ne 1 na piuyi Yopnuii Tawnuk y micmi Hosoykpainka

Y emammi nasedeno pexomenoayii 3 aeapitino-6i0H061108AILHUX POOIM 6000CNHYCKHOI cno-
pyou na piuyi Yopuuil Tawnux y micmi Hooykpainka. Pozeoprymo npedcmasieno nocmaHoeka
npobnemu ma paxmu 06¢cmedtcents AKi BNAUSAIOMb HA POOOMY 8000CHYCKHOI cnopyou. Hasedeno
xapaxmepucmuka 2iopocnopyou ma piuku Yopuuti Tawnuk. IIpeocmaeneno nepenik degexmis
Ma 6U3HAYEHO KAme2opisi MEXHINHO20 CMmaHny cnopyou. Busnaueno mexniunuii cman onop ma
BUBHAUEHO Kame20pito ix mexniynozo cmany. Hasedeno 06a eapianmu 6ionosnenHs npaye3oam-
Hocmi 2iopocnopyou. Posensinymu oemanbHo 06u08a eapianmu 8i0HO6IEHHs 2i0poCcnopyou ma
npedcmasiieHo NOcli008HO 6UKOHAHHA pobim. Hasedeno poseepHyma ingopmayis npo piuxy
Yopuuii Tawnuk, Hagedeno ii eonosui xapakmepucmuxu. Hasedeno mun 600Ho pesxcumy piuku,
npedcmasiieHo bazamopiunull epagix cepeownix piunux eumpam 6 cmeopi nocma Tapacieka.
Hasedeno noxkasnuxu eumpam no poxkax (Hatbiteuua, cepeons i Haumenuwa). [lpedocmasnena 2pa-
Qiuna xapakmepucmurxa MakcumaibHoi eumpamu eecHanux nosereil p. Yopruii Tawnux. Ilpeo-
cmaeneni eidpaeﬂi UHI PO3PAXYHKU 2i0POCNOPYOU eoaocxoeuma Hoeoykpai'HCbKe 6 4-x sapianmax
eKOHCMpYKYIi cnopyo. /lemansho po3nucano Kodicer iz 6apianmis, 6UsHA4eHO ma npuiHAmull
mpemiti eapianm 6 nodansuux pospaxynxax. Haeedeno pospaxynkosa maonuys pesyromamis
2i0pasniunux noKasHuKie ycix 4-x eapianmi. Haseoeno konkpemmui npoexmui piuenus no kani-
manvHomy pemonmy 2iopocnopyou Ne 1

— 0eMOHmMadic OeheKmHuUX 3a1i300emMOHHUX OANOK,

— 0eMOHMAIIC MEMANIEB020 CE2MEHMHO20 3AMBODY;

— 0eMOHmMAdIC MEeMAnNesux 3ameopie WaHOOPHO20 MUNY;

— demoumaoic naumu OAI0K;

— PEeMOHM 3aXUCHO20 wiapy OemoHy CMOsAHI8 Ma NPOMIJICHUX ONOP;

— peMOnM 3aXUCHO20 wapy bemony pebep 6anok,

— BIAWMYBAHHA HOBOT NIUMU OANOK,

— YCMAHOBKA HOBUX MeMAesUx 3ameopis WaHOOpHO20 MUny;

— G1AUIMYBAHHS MEXHON02TUHO20 MAUOAHYUKA 8 OKONI CMOANA.

Buxonanns pemonmuux pobim na 2iopocnopyoi nepedbauaemvpcsi BUKOHAMU i3 NOeManHum
nepexkpummsam nonosunu pycia piuku Yopnui Tawnuk winaxom 61auimyeanHs nepemuyru i3
2aOIOHHUX KOHCIMPYKYITL 610 NPOMINCHOL onopu 0o bepeza nio 20cmpum Kymom 00 2i0pocnopyou.

Knrwwuogi cnoea: 6o0ocnyckna cnopyoa, oOIpYHMY6aHHs, PEMOHMHUL 3amME0p, MeXHIYHULL
cman, npaye30amuicms.

Problem statement. Hydraulic structure No. 1 is located at Svitly Lane in the city of
Novoukrainka, Kirovohrad region and crosses the Chorny Tashlyk River. It is an open
non-pressure coastal spillway with gates. A segment type gate is used as a working gate.
The repair gate is of the Sandor type [1].

The hydraulic structure crosses the Chorny Tashlyk River at a right angle. The river
flows from left to right according to the number of supports. The river flow is smooth.
The depth of the river on the upstream side of the hydraulic structure is 1.4...2.0 m, on
the downstream side — 0.4...0.66 m.

When examining the main load-bearing structures of hydraulic structure No. 1 for a
set of defects, it was found that the technical condition of most building structures, such
as reinforced concrete beams and metal gates [2,3], according to clause 5.2 of DSTU-N
B V.1.2-18:2016 "Guidelines for the inspection of buildings and structures to determine
and assess their technical condition" refers to category "4" — emergency.
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In this regard, according to clause 5.2.4 of DSTU-N B V.1.2-18:2016, it is necessary
to immediately exclude people from the area of possible collapse and/or take measures
to prevent such collapse until the structures are repaired, strengthened or replaced or the
facility is liquidated.

Analysis of the state of the problem. According to the totality of defects and cate-
gories of technical conditions of individual building structures, the technical condition
of the object as a whole, according to clause 5.3 of DSTU-N B V.1.2-18:2016, belongs
to category "4" — emergency. In this regard, according to clause 5.3.4 of DSTU-N B
V.1.2-18:2016, the operation of the facility must be stopped until its operational suita-
bility is restored or liquidated.

The technical condition of the foundations of the hydraulic structure supports due to
the absence of direct signs of subsidence, destruction or washing out according to Table
B.1.1 of DSTU-N B V.1.2-18:2016 belongs to the category of technical condition "2" —
satisfactory [4]. In this regard, according to clause 5.2.2 of DSTU-N B V.1.2-18:2016,
measures to protect the structure and compliance with the established requirements for
its use are required.

Status of the study of the problem. There are two possible options for restoring the
operability of hydraulic structure No. 1 in the city of Novoukrainka, Kirovograd region:

Option 1. Major repair (reconstruction) of the existing spillway with gates, the
throughput of which is regulated by special gate mechanisms.

Option 2. Reconstruction of the existing spillway with the installation of an auto-
matic spillway, the throughput of which is not regulated and depends only on the water
level in the river. The discharge of water through this type of structure begins automat-
ically when the water level exceeds the spillway mouth.

When using Option 1, it is recommended to perform the following main works:

Perform major repairs to the hydraulic structure supports.

Replace the reinforced concrete beams that cover the spans of the hydraulic structure
on the floor.

Replace emergency repair valves of the sandor type in run 2-3.

Repair or replace the operating valve of the segment type in run 1-2.

To restore the use of the hydraulic structure for its functional purpose, install a seg-
ment-type working gate in run 2-3 and a sandor-type emergency repair gate in run 1-2.

Provide for the installation of operating mechanisms for raising and lowering emer-
gency and repair gates of the sandor type and opening operating gates of the segment
type in runs 1-2 and 2-3.

When using Option 2, it is recommended to perform the following main works:

Carry out major repairs to the supports of the hydraulic structure.

The openings of the spans shall be covered with reinforced concrete or metal wall
structures to a height determined by calculation, which will allow the water to be raised
in the upper reaches of the river without harm to the environment and automatically
lowered when the calculated height is reached.

Provide special holes in wall structures for additional or emergency water drainage.

Research results. According to the physical and geographical zoning, the basin of
the Chorny Tashlyk River is located in the South-West of the East European Plain,
on the border of the Forest-Steppe and Steppe zones. The border between the zones
runs through the center of the basin (along the river bed). The northwestern part of the
basin is located in the Dniester-Dnieper forest-steppe province, in the South-Pridnieper
upland region. The southeastern part is in the Dniester-Dnieper northern steppe prov-
ince, in the South-Pridnieper slope-upland region.
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Major repairs of the hydraulic engineering structure of the Novoukrainske-1 res-
ervoir are planned on the Chorny Tashlyk River (left tributary of the Synyukha River,
Southern Bug River basin) in the city of Novoukrainka, Kirovograd region, at a distance
of 103 km from the river mouth.

The left tributary of the Synyukha River, the Chorny Tashlyk River (Southern Bug
River basin), originates in the steppe area at a distance of 0.7 km northwest of the village
of Kvitka, Novoukrainsky District, Kirovograd Region, at an altitude of 200 m above
sea level. The coordinates of the source are 48° 27' 28" N and 31°49' 17" E. The river
flows through the territory of Novoukrainsky district of Kirovohrad region, 17.9 km of
the riverbed is located on the border of Kirovohrad and Mykolaiv regions. The Chorny
Tashlyk river flows into the Synyukha river from the left side at a distance of 21 km
from its mouth, near village of Kalmazov, Novoukrainskyi district, Kirovograd region,
at an altitude of 77.7 m. The coordinates of the mouth are 48° 12' 49" N and 30° 10' 21"
E. The length of the river is 144 km, the basin area is 2383 km2. The drop of the channel
is 122.3 m, the average slope is 0.85 %o, the weighted average is 0.69 %o.

The head of the Novoukrainsk Reservoir hydroelectric facility is located 103 km
from the river mouth, the basin area above the head of the hydroelectric facility is 852
km?2, and the length of the watercourse above the head is 40.6 km.

In the upper reaches of the Chorny Tashlyk River, on modern maps there are three riv-
ers that have the same name — Chorny Tashlyk. They all merge into one river. On old maps
(1860), the left tributary is called Tashlyk, and the right one is called Chorny Tashlyk.

The longest riverbed of the Chorny Tashlyk River is from the source of its left trib-
utary, the Tashlyk River, and is 160 km long. This headwaters also have the greatest
height above sea level — 248 m. For hydrological calculations, the main source of the
river is the source of the Tashlyk River, its coordinates are 48° 08' 03" N and 31° 41' 00"
E. The drop of the channel from this source is 170.3 m, the average slope of the water-
course is 1.06 %o, the weighted average is 0.69 %o.

The type of water regime of the river is Eastern European, characterized by spring
floods with a rapid rise in water levels and summer-autumn-winter low water, which is
interrupted by water rises from rainfall. The river is fed by surface water runoff from
rain and snowmelt and spring feeding.

The multi-year schedule of average annual costs at the Tarasivka military post is
shown in Figure 1.
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Fig. 1. Average annual costs of the Chorny Tashlyk River on the Tarasivka military district
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The river flow is uneven over the years. The average long-term flow in the section
of the Tarasivka military post on the Chorny Tashlyk River is 3.18 m?¥s, in the section
of the Novoukrainsk reservoir hydroelectric facility — 1.20 m*/s. The highest average
annual water flow was observed in 1947 — an average of 8.42 m’/s at the water meter
station and 3.17 m?/s at the hydroelectric facility on the Chorny Tashlyk River.

Characteristics of spring floods at the Tarasivka post-analogue are shown in the mul-
ti-year schedule of maximum spring flood flows — in Figure 2.
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Fig. 2. Maximum discharges of spring floods of the Chorny Tashlyk River
in the Tarasivka military district

The highest discharge during the peak spring flood period was observed in 1969 (578
m?/s), large floods (more than 300 m?/s) were also in 1940; 41; 42; 70 and 1980. The last
significant flood of 222 m?®/s was observed in 1996.

Ways to solve the problem. As a result of hydraulic calculations of the riverbed, it
turned out that both Novoukrainske-2 and Novoukrainske-1 hydraulic structures are not
flooded from the downstream side (maximum water levels in the downstream are below
the spillway thresholds).

Hydraulic calculations of the Novoukrainske-1 reservoir hydraulic structure were
performed in 4 variants of the reconstruction of the structures: Variant 1 — installation of
a blind concrete bridge in both culverts of the hydraulic structure with a crest mark of
129.50 m (NPR of the reservoir);

Option 2 — installation of a blind concrete lintel with a crest mark of 129.50 m in the
right opening of the hydraulic structure and a removable sandor gate in the left opening
of the hydraulic structure with a spillway threshold mark at 127.04 m;

Option 3 — replacement of segmental gates in both culverts with sandor type gates
while maintaining the conditions for passing maximum flows in accordance with the
existing ones according to the original design.

Option 4 — installation of a blind concrete lintel with a crest mark of 129.44 m in the
right opening of the hydraulic structure (height 2.4 m) and a removable sandor gate in
the left opening of the hydraulic structure with a spillway threshold mark at 127.44 m
(height 0.4 m);
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In all 4 cases, the forced water level was limited to not flooding the span structures
of the road bridge and the beams of the lifting mechanisms of the gates by more than
132.50 m (the bottom mark of the span structure is 132.77 m). The results of hydraulic
calculations are presented in Table 1.

Table 1
Results of hydraulic calculations of the Chorny Tashlyk riverbed
and the hydraulic structure of the Novoukrainske-1 reservoir
Calcu- . o - Marks Throughput,
lation Option description spillway NPR | FPR ms
option threshold
Option 1 Blank concrete lintel in both openings 127,74 | 127,74 | 130,84 169
. Blank concrete lintel in the right opening;
Option 2 sandor shutter in the left opening 125,74 127,74 | 130,84 263
Option 3 Shandorn shutters in both openings 125,74 ]129,50 | 130,84 357

For further design, it is recommended to adopt option 3 of the calculation with san-
dor gates in both openings with an overflow threshold of 129.50 m in both openings.

Design solutions. According to the design solutions developed on the basis of the
design task and on the basis of a field survey, this working project for the overhaul of
hydraulic structure No. 1 on the Chorny Tashlyk River in the city of Novoukrainka,
Kirovograd region, envisages the implementation of:

— dismantling of defective reinforced concrete beams B1 and B2 in span 0-1 and
beams B1 in spans 1-2 and 2-3;

— dismantling of metal segment gate in span 1-2;

— dismantling of metal gates of the sandor type in spans 1-2 and 2-3;

— dismantling of the slab of beams B2 and B3 in spans 1-2 and 2-3;

— repair of the protective layer of concrete of stands No. 1 and 3 and intermediate
support No. 2;

— repair of the protective layer of concrete of the edges of beams B2 and B3 in runs
1-2 and 2-3;

— installation of a new slab of beams B2 and B3 in runs 1-2 and 2-3;

— installation of new metal gates of the sandor type in runs 1-2 and 2-3;

— installation of a technological site in the vicinity of the stand No. 1 for servicing
hydraulic structure No. 1.

To drain water from the technological site, it is arranged with a slope of i=5%o
towards the side of the hydraulic structure's stand No. 1. The site is framed by a curb-
stone to direct water that will fall onto the site towards the slope. The slope of the site
embankment is arranged with a slope of 1:1.5.

Repair work on the hydraulic structure is planned to be carried out with a phased
closure of half of the channel of the Chorny Tashlyk River by installing a gabion bridge
from the intermediate support to the bank at an acute angle to the hydraulic structure.
The organizational and technological sequence of overpass repair is given in the section
"Construction Organization".

When performing the work, building materials and products that have positive
conclusions from the state sanitary and epidemiological examination are used. When
performing repair work, building materials are used for which there are documents
confirming their radiation safety, and final radiation control is carried out after the com-
pletion of the work under a contract with an accredited laboratory.
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According to DBN V.1.2-14:2018, clause 5.2, the supports of the hydraulic structure
correspond to the structural responsibility category A. The metal gates of the sandor
type and the reinforced concrete beams of the service bridge correspond to the structural
responsibility category B.

Based on clause 4 of article 89 of the Water Code of Ukraine, economic activities
related to the overhaul of hydraulic structure No. 1 in the coastal protection zone of the
Chorny Tashlyk River are permitted.

The overhaul project excludes negative interference with the aquatic environment
both during the construction and operation of hydraulic structure No. 1.

Conclusions and suggestions.

1. Hydraulic structure No. 1 is located at Svitly Lane in the city of Novoukrainka,
Kirovograd region and crosses the Chorny Tashlyk River. It is an open non-pressure
coastal spillway with gates. A segment type gate was used as a working gate. The repair
gate is of the Sandor type.

2. After research, for further design, it is recommended to adopt option 3 of the cal-
culation with sandor gates in both openings with an overflow threshold of 129.50 m —in
both openings.

3. The overhaul of the object "Technical justification of emergency and restoration
works of the existing water outlet structure No. 1 on the Chorny Tashlyk River in the
city of Novoukrainka, Kirovohrad region" is being carried out according to the design
task, without allocating queues and start-up complexes.
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