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Abstract. The relevance of the issue is caused by the presence of significant (more than 20% of
the normative indicators) filtration losses from most reservoirs built in Ukraine without anti-filtration
protection. Based on the results of analytical and experimental field studies of the constructive elements
of anti-filtration protection of reservoirs, calculations of structural parameters, and generalization of
scientific research materials, the main areas and trends of improving screen structures of these reservoirs
have been determined. It was established that the selection of the designs of anti-filtration screens is
based on the optimization of the main indicators of the evaluation criteria of technically and economically
expedient designs. The criteria for evaluating the anti-filtration protection design are filtration losses,
filtration coefficient, coefficient of performance, coefficient of anti-filtration efficiency, filtering resistance
of the structure, optimal parameters of the soil base (density and moisture) of different types of soils, an
indicator of environmental safety, and technical and economic efficiency. Creating new types of designs
of anti-filtration screens for reservoirs was justified, and the trends of their improvement were specified.
Methodical approaches to the selection of optimal screen designs were developed. Prospective designs of
anti-filtration screens of reservoirs when using the latest materials and modern technologies are proposed.
The design parameters of anti-filtration screens of artificial reservoirs were established depending on the
depth of their filling and the physical and mechanical properties of the soil of the reservoir bowl base. The
economic efficiency of new types of designs of anti-filtration screens, compared to the traditional ones, is
in reducing filtration losses and increasing the efficiency water reservoirs.

Keywords: reservoir, protective structures, filtration coefficient, methodology, methodical approaches,
anti-filtration screen, types of screens

Introduction. More than 350 large reservoirs
were built in Ukraine. About 90% of them are
not equipped with anti-filtration protection
structures; which leads to significant losses of
water as a result of filtration.

According to the “Irrigation and Drainage
Strategy in Ukraine for the period up to 2030 [1],
the restoration of existing irrigation systems in
an area of 1.0-1.2 million hectares is planned.
The implementation of this Strategy requires
a significant amount of restoration, capital repair,
reconstruction, and construction of artificial
reservoirs and canals with high and reliable anti-
filtration properties.

Analysis of the latest research and
publications. The research shows [2; 3; 4] that
the performance coefficient of the reservoirs in an

earthen bowl is 0.77, and when using traditional
anti-filtration protection it is 0.85, which does not
correspond to the normative indicators according
to SBS B.2.4-1-99 within 20% [5]. In this
regard, the development of reliable anti-filtration
structures of reservoir screens, which would ensure
not only high anti-filtration efficiency but also high
operational reliability and durability, is relevant.

In international practice, one of the modern
ways of increasing anti-filtration efficiency is
the use of geomembranes in combination with
protective geosynthetic materials, which are used
in Europe, the USA, and also in Ukraine [6; 7].

However, in Ukraine, their use is limited due
to insufficient regulatory, methodological, and
technical support for the use of these materials
and technologies.
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The purpose of the research is to analyze
methodical approaches to the assessment of
the technical condition of the designs of anti-
filtration screens of reservoirs and to justify their
promising types.

This goal can berealized following the working
hypothesis of creating new types of anti-filtration
screens in the form of a multilayer structure,
which takes into account both the anti-filtration
and protective functions of the screen and the
base, which would allow combining the anti-
filtration properties of new polymeric materials
and the protective properties of geosynthetics
and traditional local materials to ensure optimal
waterproofing, strength, and reliability.

This especially applies to the latest materials
and technologies, the use of which requires an
update of methodological approaches regarding
the determination of physical and mechanical
properties, calculation and application of these
materials in prospective designs of anti-filtration
screens, evaluation of their criteria, selection, and
justification.

Research materials and methods. Analytical
and experimental field research methods were
applied. The research methodology includes
examination and assessment of the technical
condition of anti-filtration screen structures of
reservoirs under current requirements [8; 9].
To calculate the parameters of anti-filtration
screen structures all types of loads during their
construction and operation were taken into
account. The values of filtration losses of different
types of linings were obtained when monitoring
the technical condition of the HTS on the main
irrigation systems of Ukraine (Kakhovska, North-
Rohachytska, Krasnoznamyanska, Inguletska,
Danube-Dnistrovska, Nyzhnyodnistrovska), as
well as hydrotechnical structures of the cascade
of protective facilities of the Dnieper reservoirs
(Orilska protective dam, Western-Kryukivska,
and Verkhnyodniprovska dams) [9; 10].

Research results. In the course of the research,
an assessment of the technical condition of anti-
filtration screen structures of the reservoirs was
carried out, the main types of damage were
identified, and methodical approaches to the
creation of new screen designs were developed.

It was established that the selection of
anti-filtration screen designs is based on the
optimization of the main indicators of the design
evaluation criteria.

The following criteria for evaluating screen
designs were considered: filtration losses,
0O,., filtration coefficient, K ,,; performance
coefficient, #; coefficient of anti-filtration
efficiency, E; filtration resistance of the structure,

@, ; optimal parameters of the soil base: density
(p,) and moisture (W) for different types of
soils; environmental safety factor; technical and
economic efficiency [10].

Filtration losses. According to the data of
long-term field studies carried out at the Institute
of Water Problems and Land Reclamation, the
filtration losses of various types of screens, which
were widely implemented in the 50-80s of the
last century on irrigation systems, were developed
and evaluated, and by normative and methodical
recommendations [10; 11], the filtration
coefficients of linings were determined (Table 1).

It should be noted that the filtration losses of
these structures vary from 0.0015 to 0.250 m3/day
from the reservoir bowl of 1 m2 Monolithic
concrete coatings with or without a film have
the smallest filtration losses (filtration losses
g = 0.0015 or 0.003 m*/day from the reservoir
bowl of 1 m?). Coverings made of reinforced
concrete NPK slabs have the largest losses, from
g = 0.010 to 0.020 m*/day from the reservoir
bowl of 1 m?. This also applies to the designs of
anti-filtration screens of irrigation canals, which
are practically identical in their technical and
economic characteristics [7].

Filtration losses from reservoirs in an
earthen bowl are 0.25-0.30 m*/day from 1 m? of
surface [13; 14].

However, the screen filtration coefficient is
not a sufficient characteristic of efficiency, as
it does not take into account the properties of
the “screen-soil base” system, which makes
it necessary to determine the anti-filtration
efficiency coefficient, especially for the designs
of anti-filtration screens of reservoirs.

Coefficient of anti-filtration efficiency. The
anti-filtration efficiency of screens of various
designs, regardless of soil conditions, is
characterized by the coefficient of anti-filtration
efficiency of the screen £ [11]:

E _ er - Q{Jéﬂ ,
QZP
where Q,, —filtration losses from the reservoir in
the earth bed, m*/day; Q,,, — filtration losses in
reservoirs with a screen, m*/day.

The coefficient of anti-filtration screen
efficiency (£) takes into account the combined
efficiency of the screen and the soil base and
varies within 0 < £ < 1: £ = 1 — there are no
filtration losses (if there is a screen); £ = 0 —
filtration losses did not decrease after installing
the screen.

The conducted research on determining the
coefficient of anti-filtration efficiency led to the
need to fundamentally change methodological
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1. Filtering properties of screen linings of various designs
Filtration losses ¢, Filtration
Lining type m’/day from 1 m? | coefficient of
of reservoir bowl |lining, K, m/s

Monolithic reinforced concrete of 0.12-0.15 m, loam 5
preparation of 0.20 m, p, = 1.67 g/cm’ 0.009 2.35x10
Monolithic reinforced concrete of 0.12—0.15 m, polyethylene 0.002 593%10°
film of 0.2 mm, loam preparation of 0.20 m, p,= 1.67 g/cm? ' '

NPK slabs, polyethylene wide film of § m wide, loam preparation 0.004 8 24x10°
of 0.20 m, p, = 1.67 g/cm?’. Highly careful execution of work ' ’

NPK slabs, polyethylene film of 3 m wide, loam preparation of 3
0.20 m, p, = 1.67 g/cm®. Usual execution of works 0.020 4.36x10
Monolithic reinforced concrete of 0.12-0.15 m, polyethylene

film of 0.2 mm, loam preparation of 0.20 m, p,= 1.67 g/cm? 0.0028 3.06.10-7
NPK slabs, polyethylene film of 3 m wide, loam preparation of

0.20 m, p, = 1.67 g/cm®. Usual execution of work, pouring of 0.010 1.8x10°®
cement mortar into the sub-slab space

Monolithic concrete of 0.08 m, polyvinyl chloride film of 0.27 mm 0.0017 0.9x10°
Monolithic concrete of 0.08 m, polyethylene film of 0.25 mm 0.0024 1.62x10°
Monolithic concrete of 0.08 m, polyolefin film of 0.52 mm 0.0015 0.88x10°
Precast and monolithic (along the bottom with an outlet at

0.7 m of canal slope — monolithic reinforced concrete 0.14 m; 0.003 2 08x10°
on the slopes — NPK slabs), along the entire perimeter of the ) )

canal there is polyolefin film of 0.52 mm

Precast and monolithic (similar design), polyvinyl chloride 0.008 6.48x10°
film of 0.27 mm

Precast and monolithic (similar design), polyvinyl chloride 0.015 138%10°
film of 0.25 mm

Reservoir without lining in loamy soils 0.250 —

approaches to the use of the latest materials, which
would ensure the improvement of the quality of
various types of screen structures (Table 2). This
especially applies to the increase in filtration
resistance when using the latest materials for

lining structures, the dynamics of changes in the
anti-filtration effect, and the assessment of the
state of the structures during their operation.

It was established that, by the coefficient of
anti-filtration efficiency, monolithic concrete

2. The coefficient of anti-filtration efficiency of various types of lining structures

Lining type Coefﬁcient qf anti-
filtration efficiency, £
Monolithic concrete lining, = 0.12 m 0.94
Monolithic concrete, 1= 0.15 m 0.90
Monolithic reinforced concrete = 0.12—0.15 m, polyethylene film of 0.2 mm 0.90
Monolithic concrete £ = 0.07 m, polyvinyl chloride film of 0.27 mm 0.87
Soil film lining (Geosynthetic materials) 0.85
Monolithic concrete lining, = 0.07 m 0.84
Reinforced concrete slabs, 0.2 mm polyethylene film of 8 m wide 0.80
Polyolefin film of 0.52 mm, sand layer = 0.38 m 0.70
Polyvinyl chloride film of 0.27 mm under a sand-gravel layer z = 0.38 m 0.60
Reinforced concrete slabs, cement-sand joints, polyethylene film of 0.4 mm 0.54
Polyethylene film of 0.52 mm under the sand-gravel layer £ =0.38 m 0.50
Reinforced concrete slabs with reinforcement outlets with a thickness of = 0.08 m 0.40
Monolithic concrete £ = 0.05 m 0.38
Precast fastening with plates, polyethylene film of 0.2 mm 0.35
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anti-filtration coatings with or without a polymer
film (£ = 0.87-0.94) are the most effective ones
among traditional screen designs. The precast
reinforced concrete coatings (E = 0.35-0.40),
which are used in hydrotechnical structures of the
reclamation facilities of Ukraine, have the lowest
anti-filtration efficiency [11; 12; 13; 14].

The main shortcomings of the structures were
identified, the elimination of which requires
improvement of the quality characteristics of
the structural components of the screen structure
and compatible work in general. To compare
the filtration resistance parameters of different
designs of screens, both traditional and modern
designs were considered.

Filtration resistance of the structure. The
anti-filtration effect of various screen designs
is characterized by the value of the filtration
resistance of the screen design @,,..

The filtration resistance of various designs
of anti-filtration screens of reservoirs based on
the research and analytical calculation data and
analysis of the materials of design solutions is
given in Table 3 [5; 10; 11].

Current building regulations in Ukraine
CH 551-82 (Instructions for the design and
construction of anti-filtration screens made of
polyethylene film for artificial water bodies)
is the only normative document that regulates
the entire process of design and construction of
film screens of traditional structures. The use of
polymer films with a thickness of 0.2-0.4 mm
provided by this document currently does not
meet modern requirements for reliability, safety,
and anti-filtration efficiency, and screen lining

structures based on them are out-of-date. This is
confirmed by the research materials of traditional
structures of anti-filtration screens, which are
currently subject to reconstruction and overhaul.

Recently, polymer geomembranes began to be
used, which, compared to films, were developed
and are widely used as anti-filtration screens
on reservoirs. Based on field, laboratory, and
theoretical (including analytical) studies, technical
conditions, requirements, and recommendations
for the use of polymer geomembranes along with
geosynthetic materials have been developed.

When choosing optimal screen designs when
using the latest geosynthetic materials, there is
a need for normative provision and refinement
of methodological approaches to the calculation
and generalization of evaluation criteria, which
will make it possible to perform the selection
and justification of certain materials and types of
structures.

It is proposed to use the coefficient of filtration
losses and performance indicators as generalized
criteria. They were used when calculating technical
and economic indicators both for traditional and
modern structures on reservoirs of reclamation
and water management area. Table 4 shows the
results of calculations of the assessment of the anti-
filtration efficiency of screen designs (traditional
and modern structures) by the above criteria.

Based on the results of the analysis of
technical and economic indicators given in
Table 4, it can be stated that the latest designs of
anti-filtration screens when using geomembranes
and protective geosynthetic materials increase
the maximum service life by 1.5-2.0 times (up to

3. Filtration resistance of various designs of anti-filtration screens of reservoirs

Lining type

Filtration
resistance @,

Traditional designs

t=02m,p,=1.67 g/cm®

Monolithic concrete, = 0.15m 95
Polyolefin film of 0.52 mm under precast monolithic concrete (along the bottom with 30
an outlet at 0.7 m of canal slope — monolithic reinforced concrete of 0.14 m

Polyvinyl chloride film of 0.20 mm under precast monolithic concrete (the design of 7
the concrete lining is similar to the previous one)

Polyethylene film of 0.25 mm under precast monolithic concrete (the design of the 36
concrete lining is similar to the previous one)

Reinforced concrete slabs, polyethylene film of 0.2 mm, 8 m wide, loam preparation 65

The latest designs (structures of anti-filtration linings with the use of geosynthetic materials)

Geomembrane with a protective coating made of concrete 96
Geomembrane with a protective coating made of soil 95
Geomembrane with a protective coating made of a stone coat 96
Geomembrane with a protective coating made of gabions and geogrids 96

Anti-filtration coating when using bentomats

97
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4. Technical and economic indicators of various types of anti-filtration screen designs of reservoirs
. Reduction of
. . Sgrwce filtration losses
Ne Anti-filtration screens life ¢,
compared to an
Ye4rs | earthen bed o, %
Traditional designs
1 |Monolithic concrete with polyethylene film of 0.2 mm thick 2040 up to 95
2 |Reinforced concrete monolithic with polyethylene film of 0.2 mm thick | 30—40 up to 93
3 Precast mgnolithic reinforced concrete with polyethylene film of 30-40 88
0.2 mm thick
4 |Precast reinforced concrete with polyethylene film of 0.2 mm thick | 3040 85
5 | Asphalt concrete with a polyethylene film of 0.2 mm thick 5-10 90
6 |Clay 10 70
7 |Soil compaction 3-5 50
8 |Soil colmatation 12-15 60
Latest designs
9 |Monolithic concrete with geomembrane of 0.4 mm thick at least 70-85 98
10 Reinforced concrete monolithic with geomembrane of 0.4 mm thick 70-85 9
at least
1 Precast monolithic reinforced concrete with geomembrane of 70-80 08
0.4 mm thick at least, protected by geosynthetic material
12 Geom_embrane with a protective soil layer, protected by geosynthetic 80-90 97
material

90 years) compared to the traditional ones and 2. Based on the results of the research, the

reduce filtration losses by 1.5 times (96-98 %).

Conclusions

1. Based on the results of analytical and
experimental studies on the assessment of the
technical condition of hydrotechnical structures
during their operation within the main irrigation
systems of Ukraine, when using traditional designs
of anti-filtration screens, it was established their
being unable to provide effective anti-filtration
protection, and the filtration losses at that exceed
the standard indicators by an average of 20 %.

coefficient of filtration losses and performance
indicators as generalized criteria for selection and
justification of prospective designs of anti-filtration
screens when using geomembranes and protective
geosynthetic materials has been justified.

3. The use of the proposed methodical
approaches to the selection and justification
of promising designs of anti-filtration linings
enables to increase in the anti-filtration capacity
of the screens by 1,5 times as well as their service
life up to 90 years.
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Anomauyin. Axmyanvuicmv NUMAaHHL SUKIUKAHA HAAGHICMIO 3HAYHUX, NoHad 20 % 6i0 HOpMamueHux,
Qinempayivnux empam 3 OilbWOCMI 8000UM, N0OYO08aHux 6 Yipaini Oe3 npomupirempayilinozo
3axucmy. 3a pe3ynemamamiu AHATIMUYHUX MA eKCNepUMEeHMAanbHO-NONbOBUX O00CHIONCeHb KOHCMPYK-
TMUBHUX elleMeHmi8 NPOMUPLIbMpayitiHo2o 3axXucmy 6000LM, PO3PAXYHKIE NAPpAMEempie KOHCMPYKYIl ma
V3a2anbHEeHHsI MAMepianie HayKo8UX 00CIIONCEeHb BUSHAYEHO OCHOBHI HANPIMU I MeHOeHYTl YOOCKOHAICHHS
KOHCMPYKYIU eKpaHie yux 6000um. Bcmarnosneno, wo 8ubip KOHCmpyKyiil npomu@itbmpayiiinux expanie
b6azyemvcsi Ha ONMUMI3ayii OCHOBHUX NOKAZHUKIE KPUMePiie OYIHIOBAHHS MEXHIYHO 1l eKOHOMIUHO OOYLIbHUX
KOHCcmpyKyil. 3a kpumepii OyiHIOBAHHSA KOHCIMPYKYIL NpOmuinempayitino2o 3axucmy nputiHamo: Qin-
mpayiini empamu, Koepiyicum inempayii; koegiyienm xopuchoi 0ii; xoeiyicum npomuginompayiinoi
eexmuenocmi,; Qinompayitinull onip KOHCMPYKYIi;, ONMUMATbHI NAPAMEmpu TPYHMOBoi OCHO8U (Wilb-
HICMb [ 80102ICb) PISHUX MUNIE IPYHMIB, NOKASHUK EKOLO2IYHOI De3neKu; MmexHiKO-eKOHOMIYHA egek-
mueguicms. OOIPYHIMOBAHO MONCIUBICG CIMEOPEHHSI HOBUX MUNI6 KOHCMPYKYIL npomu@itempayiunux
eKpanie 6000LUM ma 6CMaHogieHo menoenyii ix yoockonanenns. Chpopmosano memoouuni nioxoou ujo0o
8UOOPY ONMUMATILHUX KOHCMPYKYIL eKPAHI6. 3anponoHo8ano nepcnekmuehi KOHCmpyKyii npomuginompa-
YIIHUX eKPAHI8 B000UM I3 GUKOPUCTIAHHAM HOGIMHIX MAMEPIAnie ma CyudacHux mexnonoeii. Bcmarnosneno
KOHCMPYKMUBHI napamempu npomu@itempayiinux eKpanie wmy4Hux 6000UM 3A1eAHCHO 8i0 nUOUHU ixX
HanognenHs ma Qi3uKo-mMexaHiunux e1acmusocmeti pyHmie ocnosu yauii eoooumu. Exonomiuna egex-
MUBHICMb HOBUX MUNTE KOHCMPYKYIU NPOMUDITbMPAYIUHUX eKPAHIE, NOPIBHAHO 3 MPAOUYTUHUMU, NOJIAAE
V 3MEHWeH I QIMbmpayiiinux empam ma niosuuyeHHi Koegiyicnma KopucHoi 0ii 6000UM.

Knrouosi cnosa: soootima, 3axuchi KOHCmpyKyii, Koegiyienm inompayii, Memoouxa, MemoouyHi nioxoou,
npomu@inempayiinull eKpan, munu eKpaHie
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