Vestnik of Brest State Technical University. 2025. No. 3 (138)

UDC 621.311.001

ON THE TASKS OF OPERATIONAL CONTROL OF THE CONDITION OF REINFORCED
CONCRETE STRUCTURES OF MUNICIPAL WASTEWATER DISPOSAL SYSTEMS

V. N. Shtepa®, N. N. Shalobyta?, Y. V. Rassokha?, D. V. Antonovich* T. P. Shalobyta®

' Doctor of Technical Sciences, Associate Professor, Head of the Industrial Ecology Department, Belarusian State Technological University,

Minsk, Belarus, e-mail: tppoless@gmail.com

2 Candidate of Technical Sciences, Associate Professor, Vice-Rector for Scientific Work, Brest State Technical University, Brest, Belarus,

e-mail: nnshalobyta@mail.ru
3 Candidate of Economic Sciences, Associate Professor, Head of the Production Organization and Real Estate Economics Department,
Belarusian State Technological University, Minsk, Belarus, e-mail: y.rassokha@belstu.by
4Head of the Sewage Department, Pinskvodokanal State Enterprise, Pinsk, Belarus, e-mail: antonovi4.denis@mail.ru
5 Candidate of Technical Sciences, Associate Professor, Department of Concrete and Building Materials Technology, Brest State Technical University,

Brest, Belarus, e-mail: t_shalobyta@mail.ru

Abstract

Operational monitoring of the technical condition of reinforced concrete structures (wells, collectors, tanks) in wastewater disposal systems
is a set of periodic measures aimed at the timely detection of defects and the prevention of accidents. Its particular importance arises from
the structures' operation in an aggressive environment exposed to moisture, temperature fluctuations, stray currents, and mechanical loads.
The objectives of operational monitoring include the identification of visible and hidden defects (cracks, chips, delamination of the protective
concrete layer, exposed and corroded reinforcement, leaks in joints, and mutual displacement of precast elements), an assessment of the strength
and deformation properties of materials (concrete and reinforcement), the degree of corrosion, checking the tightness of the structures,
and verifying the compliance of actual parameters with design specifications. Monitoring is implemented using visual and instrumental non-
destructive methods, ensuring rapid results. Based on the monitoring results, a report is prepared with measurement protocols, defect diagrams,
and recommendations for repair or reinforcement of the structure. Operational monitoring is planned and preventative in nature. According
to current regulations, the recommended frequency is at least once a year, and more frequently for facilities showing signs of deformation
orin a state of emergency. One of the modern innovative approaches that is beginning to be adopted globally is the digitalization of processes
related to the operational monitoring of the technical condition of wastewater disposal systems. However, the implementation of digitalization
requires both the development of new regulations and the development of an information infrastructure (systems and specialized equipment
for diagnostics in difficult operating conditions, specialized software, etc.).

Therefore, systematic operational monitoring using an integrated approach based on both visual and instrumental methods, including the use
of digital systems, is a prerequisite for maintaining the operability of wastewater disposal systems. This will enable a transition from repairs
following an accident to preventive technical condition management, significantly increasing the reliability and extending the service life of utility
networks.

Keywords: operational control, wastewater disposal systems, waste water, reinforced concrete structures, regulatory documents, technical
condition assessment, forecasting.

0 3AJAYAX ONEPATUBHOIO KOHTPONA COCTOAHUA XENE30BETOHHbIX KOHCTPYKLIUA KOMMYHANBHbIX CUCTEM
BOJOOTBEAEHUA

B. H. LLitena, H. H. WanoosiTa, E. B. Poccoxa, [. B. AHTOHOBMY, T. M. lano6kiTa

Pedepar

OnepaTuBHbIA  KOHTPOMb TEXHWYECKOTO COCTOSHUS Kene300ETOHHbIX KOHCTPYKUMA (KOMOALEB, KOMMEKTOPOB, pe3epByapoB) B cucCTEMax
BOLOOTBEAEHNSI — 3TO KOMMNEKC MepUOAMYECKUX MEPOMPUSTUIA, HanpaBMneHHbIX Ha CBOEBPEMEHHOE BbifBNEHWE AedeKToB W NpedoTBpaLleHue
aBapui. Ero ocobas BaxHoCTb 06ycroBneHa paboTol KOHCTPYKLMIA B arpecciBHON Cpede MO BO3AENCTBMEM Brarv, TeMnepaTypHbIX nepenapos,
OnyxgatoLLmx TOKOB M MeXaHUYeCKuX Harpy3ok. B 3agaun onepaTMBHOIO KOHTPOMNS BXOAMT BbiSIBNEHWE BUAMMBIX W CKPbITbIX Ae(EKTOB (TPELLWH,
CKO0B, OTCIIOEHMS 3aLUMTHOrO Crlosi BeTOHa, OrorneHne U KOppo3us apMaTypbl, IPOTEYKM B LUBAX, B3aUMHbIX CMELLEHMIA COOPHBIX 3NEMEHTOB), OLieHKa
MPOYHOCTHBIX 1 AEePOPMALMOHHBIX XapaKTEPUCTUK MaTepuanos (DeToHa 1 apmaTypbl), CTENeHU NX KOPPO3NK, MPOBEPKY FEPMETUYHOCTU KOHCTPYKLMIA
11 COOTBETCTBME (DaKTUYECKMX NapameTpoB MPOEKTHbIM peLeHusiM. KOHTpomnb peammsyeTcs C MOMOLLbIO BM3yanbHbIX M WMHCTPYMEHTAmbHbIX
Hepaspyllalwmx MeToAoB, obecneunBaiolmx ObiCTpoe nonyyeHue pesynbTaToB. [1o pesynbTatam KOHTPOMNS COCTABNSAETCA 3aknioyeHne
C MPOTOKONaMn M3MepeHuit, cxemami AedeKTOB M PEKOMEHAALMSMM MO PEMOHTY WM YCUIEHWMIO KOHCTPYKUMA. OmnepaTuBHBIA KOHTPOMb HOCKT
nnaHoBO-NpodunakTUieckuin xapaktep. CornacHo [eiCTBYIOLLMM HOPMaTUBHBIM JOKYMEHTaM, pekOMeHAyemas NepuoanyHOCTb — He pexe OfHOro
pa3a B rog, a Ans 06beKTOB C Npu3Hakamyu fedopmaLnii i B aBapuitHOM COCTOSHUN — Yalle. OBHAM W3 COBPEMEHHBIX MHHOBALMOHHbIX NOLXOA0B,
KOTOpbIE HAYMHAIOT NPUMEHATLCH B MMPOBON NPaKTUKe, SBNAETCA LM(pOBN3aLMS NPOLECCOB, CBA3aHHbIX C ONEPaTUBHBIM KOHTPONEM TEXHWUYECKOrO
COCTOSHWSA cucTeM BopooTBedeHus. OpHako BHeapeHue uUmudpoBusaumm TpebyeT kak pa3paboTk HOBbIX HOPMATMBHBIX [OKYMEHTOB, Tak
1 OpMUPOBaHNE WHGOPMALIMOHHON WMHAPACTPYKTYpbl (CMCTEM W cneuuansHoro 0OOpYAOBaHWA Ans AMArHOCTMKM B CRIOKHBIX  YCIOBUSX
JKCnMyaTaLuu, CreLranmanpoBaHHOro MPOrpaMMHOro obecneyenus n 1. a.).

Takum 06pa3om, CUCTEMATMYECKUA ONEPaTMBHBIA KOHTPONb C MPUMEHEHWEM KOMMIEKCHOrO MOAXO0Aa, OCHOBAHHOMO Kak Ha BM3yanbHbIX, Tak
1 MHCTPYMEHTaMbHbIX METOAaX C WCMOMb30BaHMEM, B TOM YMCMe LMGPOBbIX CUCTEM, SBMSETCA HEoOXOAMMbIM YCNOBUEM AN MOAAEpXaHus
paboToCnocobHOCTI KOHCTPYKLMIA cucTeM BogooTBegeHns. OH MO3BOMUT NepeiT OT PEMOHTOB NO (hakTy aBapiu K MPEBEHTUBHOMY YNpaBneHuio
TEXHUYECKUM COCTOSIHNEM, 3HAUUTENbHO MOBbILIAS HALEXHOCTb M NPOANEBas CPOoK CyxObl MHKEHEPHBIX CETEN.

KnioyeBble cnoga: OMepaTMBHLIA KOHTPOMb, CUCTEMbl BOAOOTBELEHMS, CTOYHble BOAbl, Xene3obeTOHHbIe KOHCTPYKUMK, HOPMaTUBHbIE
[OKYMEHTbI, OLleHKa TeXHUYECKOro COCTOAHUA, NPOrHO3NpoBaHue.
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Introduction

According to general technical practice, a municipal wastewater dis-
posal system (WDS) can be classified as a complex of interconnected
engineering structures designed to collect, transport polluted wastewater
(WW) outside settlements, and purify and neutralize it before discharging
it into reservoirs. About 2,700 wastewater treatment plants (TP) operate
in the Republic of Belarus to organize wastewater discharge into the
environment, of which about 300 are undergoing artificial biological
treatment with release into surface water bodies. At the same time, today
the service life of the main part of the existing water management net-
works ranges from 20 to 55 years. At the same time, about 30 % of them
are in dilapidated or disrepair, and a significant part of pumping stations
require modernization (reconstruction). The situation is complicated by
the fact that industrial enterprises, as a result of the lack of local effective
technologies for industrial wastewater treatment and disposal of their
precipitation, discharge highly concentrated wastewater into centralized
sewerage systems, the harmful substances of which violate the techno-
logical regulations for wastewater treatment and are not removed during
biological treatment. At the same time, at the stage of WW transportation,
such pollutants with significant redox properties destroy WDS structures —
the release of corrosive gases from wastewater, for example, hydrogen
sulfide, has a particularly negative effect. As a result of this extremely
negative impact, material and energy costs increase, which leads to an
increase in electric energy costs for transportation and wastewater treat-
ment, and, consequently, an increase in the cost of services, and the key
is unacceptably reduced reliability, especially of reinforced concrete struc-
tures, up to the occurrence of emergency situations [1].

At the same time, wastewater disposal systems of water supply and
sewerage companies (CWW) de facto belong to critical infrastructure
(most of which are concrete elements), since as a result of possible
emergencies, conditions are created for man-made pollution of territories,
the development of diseases and epidemics with potential catastrophic
effects on people and the environment. In accordance with the internal
regulatory documents of water utilities organizations CWW, the following
strict time intervals are allowed during their work: no more than 8 hours
(in total) during one month, 4 hours at a time (including in case of an
accident) 1, 2].

Thus, the scientific and practical task of operational control of the
condition of reinforced concrete structures of the WDS is relevant and of
national importance.

Setting the task. Substantiation of approaches to operational control
of the condition of concrete structures of municipal wastewater disposal
systems, primarily collectors, using modern automated tools and mathe-
matical modeling in order to reduce the risks of abnormal (catastrophic)
technological situations and increase the ecological safety of sanitation in
populated areas.

Analysis of the existing regulatory framework in the Republic of
Belarus and research by other authors on the issue of monitoring
the condition of reinforced concrete structures of WDS

To monitor the normal functioning water drainage network (WN)
WDS constant monitoring should be carried out on it, including [3]: exter-
nal inspection of the network; technical inspection of the network; tech-
nical inspection of the main highways, storm drains, duckers and emer-
gency outlets; inspection of the internal cavities of drainage pipes; inspec-
tion of tunnel collectors.

At the same time, the Resolution of the Council of Ministers of the
Republic of Belarus dated September 4, 2019 Ne 594 "On Approval of the
Rules for the Technical Operation of drinking water supply and sanitation
(sewerage) systems in settlements" [3] defines that "the operation of
sanitation (sewerage) systems in settlements includes organizational and
technical measures for inspection, technical inspection, technological and
technical control, maintenance, maintenance and repair carried out ac-
cording to the schedule of scheduled preventive maintenance and elimi-
nation of accidents and malfunctions, approved by the chief engineer of
the water supply company. The procedure for carrying out scheduled
preventive maintenance on centralized drinking water supply and sanita-
tion (sewerage) systems is determined by the Ministry of Housing and
Communal Services". This regulatory document (paragraph 158 [3]) also
states that "a technical inspection of the internal condition of the drainage
(sewerage) network, structures and devices on it is performed for: inspec-

tion wells and emergency outlets — once a year; collectors and chan-
nels — once every two years. Technical inspection of gravity collectors
and channels with diameters of 1,500 millimeters or more is carried out
by passing through them, provided that the wastewater supply is com-
pletely or partially stopped. Technical inspection of pressure collectors is
carried out by checking valves, plungers and sewer outlets".

An intra-industry document is Resolution Ne 22 of the Ministry of
Housing and Communal Services of the Republic of Belarus dated
May 12, 2006 "On the procedure for carrying out scheduled preventive
maintenance on centralized drinking water supply and sanitation (Sew-
erage) systems" [4], which defines the procedure for carrying out
scheduled preventive maintenance on centralized drinking water supply
and sanitation (sewerage) systems. Within its framework, the schedule
of scheduled preventive maintenance system is presented as a com-
plex of "technical and organizational and technical measures aimed at
maintaining and (or) restoring the operational, structural, engineering,
and aesthetic properties of structures and devices as a whole and (or)
individual components of equipment, structural units, and elements of
centralized sanitation systems (sewerage)". In Chapter 4, "Planning
and organization of the schedule of scheduled preventive maintenance”
of this Resolution [4], it is established that "the list of facilities subject to
capital and routine repairs is determined by the technical council CWW
on the basis of defective statements compiled based on the results of
inspections, journal entries for the operation of water facilities and de-
vices, as well as the results of surveys of commissioning organizations
and modernization and technical re-equipment projects”. At the same
time, "when planning preventive maintenance and routine repairs, it is
necessary to be guided by the timing of the frequency of repair work
(inter-repair periods) according to the appendix, as well as the time
standards for repair work, developed and approved in accordance with
the established procedure. The required number of inspections is as-
signed, after which routine repairs are planned; structures, devices and
equipment that require major repairs or replacement, including the
relocation (reconstruction) of pipelines".

Collectors and pipelines made of reinforced concrete structures of
WDS [6, 7] are especially critical in terms of reliability [5] and durability.
The annex to the Decree of the Ministry of Housing and Communal Ser-
vices [4] defines the following frequency and emphasis of inspection of
collectors:

- at flow rate WW of more than 3 md/s: frequency once every
12 months; the degree of filling, the presence of backup (flooding), block-
ages and other violations visible from the surface of the earth is checked;
the presence of gases in wells; the presence of a drainage surface or
other water in the reservoir;

- at flow rate WW of more than 1-3 m3s: frequency once every
12 months; inspections are carried out during internal inspection of collec-
tors and channels with a diameter of 1,5 m or more, changes in the geo-
metric shape of the section, the presence of drains, cracks, through
holes, voids for cladding, corrosion of concrete, reinforcement;

— at flow rate WW is less than 1 m%s: the frequency is once every
24 months; the precipitation of individual pieces of concrete and the sub-
sidence of individual sections are checked.

Thus, it is possible to formulate the directions that need to be signifi-
cantly improved in the framework of ensuring the control of all WW WDS,
based on the regulatory framework currently in use (Figure 1).

Such inertia and a significant duration of inspection periods leads to
uncontrolled and unpredictable decommissioning, including collapses, of
collectors made of reinforced concrete structures. Their opening often
shows that there are characteristic failures of the arch due to chemical
corrosion of concrete and reinforcement.

An option to overcome this problem may be the introduction of a tel-
evision inspection in systems of water supply and sewerage companies
(CWW), which acts as one of the technical means of operational inspec-
tion and control of the technical condition of sewage systems. This allows
you to remotely detect clogging sites, determine the presence of station-
ary objects, cracks, and identify areas of highway deformation and dam-
age to reinforced concrete structures without dismantling or partially dis-
mantling communications. At the same time, the use of such a technical
tool only allows you to visually fix defects — decision-making without ex-
ternal support is carried out by a specialist of water supply and sewerage
companies (CWW).
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Negative aspects of monitoring the condition of reinforced concrete
structures of the drainage network WDS

—

\

Lack of prompt diagnosis and,
as a result, preventive actions for
potential accidents

The visual assessment is performed by a non-
core specialist of the organization (not an expert
in the field of concrete structures), at the same
time, there are no unambiguous methodological
recommendations for such an analysis

The lack of a forecast of the risks of loss
of the strength characteristics of the structural
material and, as a result, based on indirect
parameters (for example, the quality
of wastewater discharged), preventive actions

for potential accidents

Figure 1 — The reasons causing a significant decrease in the controllability of the condition of reinforced concrete structures of drainage networks
of municipal wastewater systems

At the same time, there is a potential possibility of integrating such
remote operational control technologies into the control room control
system. There is no Resolution of the Council of Ministers of the Republic
of Belarus dated September 4, 2019 Ne 594 [3] it is stated that "the gen-
eral operational management of the operation of centralized drinking
water supply and sanitation (sewerage) systems, maintenance of the
established modes of their operation are assigned to the dispatching
service" and "the structure of the dispatching service of the of water sup-
ply and sewerage companies (CWW) organization is determined depend-
ing on the location of the premises and the performance of the sewerage
systems, the length of the network and the complexity of technological
processes".

Analysis of solutions for operational control of the condition of
reinforced concrete structures in other industries

The methodological foundations and principles of assessing the
technical condition of reinforced concrete structures, based on ensuring
structural reliability in accordance with CTB ISO 2394 [8], are currently
set out in the new edition of CTB ISO 13822 [9] in the Republic of Bela-
rus. In accordance with the new requirements, the assessment of the
technical condition of existing structures can be performed in the follow-
ing cases:

—in case of an intended (planned) change in the purpose of an ob-
ject (building, structure) or an extension of its service life or during struc-
tural reliability checks (for example, with the intensity of processes in the
material of structures under various influences, the appearance of new
influences, etc.) in the case of requirements of supervisory authorities,
owners and buildings, etc.;

- wear of structures with degradation of material properties due to
prolonged exposure and environmental influences (for example, corrosion
or other damage, etc.).

Currently, in the Republic of Belarus, the main regulatory document
for the inspection of buildings and structures is CH 1.04.01-2020 "Tech-
nical condition of buildings and structures” [10], which replaced the previ-
ous TKI 45-1.04-305-2016 [11]. The document establishes the basic
requirements for the technical condition of buildings and structures and
the procedure for their assessment.

At the same time, when assessing the technical condition of building
structures, other building codes and regulations apply, such as
SP 1.04.02-2022 "General provisions for the inspection of building struc-
tures of buildings and structures" [12], SP 1.04.03-2022 "Inspection and
reinforcement of stone and reinforced stone structures” [13],
SP 1.04.04-2023 "Inspection and reinforcement of steel structures" [14]
and others. The additional standards detail the examination procedures,
supplement and clarify the general requirements, and suggest reinforce-
ment options for specific types of structures.

The main objective of the survey is to develop recommendations
and technical solutions for restoring the lost operational qualities of
building elements or giving them new qualities in the changed operat-
ing conditions during repair or reconstruction. In some cases, it is nec-
essary to assess the remaining service life of the building and develop
restoration measures with an assessment of the feasibility of their im-
plementation, or develop only supportive (temporary) measures to en-
sure the safe operation of the facility for a specific limited period of time
set by the customer, etc. [15].

According to [10], the inspection of the technical condition of build-
ings and structures is carried out in three main stages: stage 1 — prelimi-
nary inspection of the building; stage 2 — general inspection (according to
external signs); stage 3 — detailed (instrumental) inspection.

A preliminary inspection of the building is carried out in order to draw
up a technical specification for conducting a general survey, clarify the goals
and objectives of the work, pre-determine the scope and timing of work, the
amount of available design, executive and operational documentation, and
access conditions to the building elements being examined.

The general survey is carried out for a general assessment of the
technical condition of construction structures, adjusting the goals and
objectives of the work, determining the actual volumes of the structures
being examined and drawing up a detailed survey program. The gen-
eral survey includes a general assessment of the structural scheme
and compliance of the building with the design documentation in terms
of spatial planning and design solutions, the type and nature of loads,
and operating conditions. During the general examination, a visual
inspection of all structures is carried out with the use of tools and de-
vices, if necessary. The main purpose of the general (visual) inspection
is to examine and record all damages or structural inconsistencies,
their location, and includes verifying the reliability of the original draw-
ings or determining basic information about the object; determining the
main deviations not represented on the original construction docu-
ments; determining visible structural damage, such as cracks and de-
lamination, as well as checking the quality of structures; determining
the potential risk of falling of non-load-bearing structures, etc.; exami-
nation of the condition of soils and foundations; generating a report on
the current status with photos. If necessary, tests and measurements
are performed to obtain additional data on the condition of structures:
an approximate assessment of the strength of concrete and its density,
measurement of the opening width and depth of the most characteristic
cracks, selective measurement of the largest deviations of the main
dimensions from the design documentation, etc. [18]. Based on exter-
nal signs (visually), an orientation assessment of the category of tech-
nical condition of individual structures is assigned with the determina-
tion of the need for emergency measures (if necessary).

A general inspection of the technical condition of structures (visual
inspection) is the first and most effective method of preliminary assess-
ment of the technical condition and identification of typical defects and
damages. It is designed for a quick inspection of the structure and as-
sessment of its general condition and provides valuable information to an
experienced engineer regarding the quality of the construction, servicea-
bility and mechanism of further destruction, and therefore is the basis for
a detailed plan of further actions and a quantitative assessment of the
degree of damage.

A detailed inspection of the building according to SP 1.04.02 [12]
includes: detailed measurements of structures and their interconnec-
tions, geodetic survey (if necessary), measurement of cracks, deflec-
tions, slopes of elements; determination of reinforcement and assess-
ment of the degree of corrosion wear; determination of the actual char-
acteristics of structural materials by non-destructive methods or by
testing samples selected from them; final schematization and classifi-
cation of defects; obtaining data on the parameters of operational envi-
ronments; clarification of the initial data required to perform structural
calculations, including the determination of actual loads and impacts,
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clarification of actual design schemes, taking into account the actual
characteristics of structures and their interconnections, etc.; analysis of
survey results and development of recommendations for the repair of
structures and (or) engineering systems, for their further safe operation;
development of technical solutions for strengthening building structures
(if necessary).

Based on the results of the survey and calculation, a certified building
survey specialist justifies and formulates the necessary measures for
repairing and strengthening structures, necessary changes in the operat-
ing mode, sets deadlines for their implementation, the duration and type
of the next survey taking into account their frequency. If necessary, spe-
cific technical solutions are developed, on the basis of which the neces-
sary project documentation should be developed in the future.

If the results of the assessment of the technical condition of struc-
tures are insufficient to make decisions based on the results of surveys in
accordance with 12.1.1 [18], in addition to safety issues, in some cases it
is advisable to take into account the results of economic, environmental,
social and other consequences of failures and planned restoration
measures [18, 21].

In general, according to table B.1 of Appendix B [18], for engineering
water supply and sewerage systems, it is recommended to conduct an
inspection once every 3-6 years, but at least once a year, depending on
the operating conditions (the frequency of technical inspections within the
established interval is determined by the operating organizations based
on the technical condition and local conditions).

The concept of operational control of the condition of reinforced
concrete structures of the WN WDS and the stages of its implemen-
tation are presented

One of the modern approaches by which a significant increase in
the level of automation is achieved, and hence the efficiency of control
and decision-making, is the digitalization of technological processes
with the synthesis of digital twins (CD). In the international normative
document ISO 23247 "Automation systems and integration — Digital
twin framework for manufacturing” [17]. "Digital Twin" [17] is defined by

"a digital model of a specific physical element or process with data
connections that ensures convergence between physical and virtual
states with an appropriate synchronization rate". In a practical context,
the introduction of such virtual models in production facilities, including
the introduction of operational approaches to monitoring the condition
of reinforced concrete structures of VSS, requires very significant fi-
nancial and material costs for the formation of information infrastructure
and specialized software [18, 19]. Thus, it is necessary to create con-
ceptual models of data centers, where new investments would be min-
imized while using an already working information base — a "non-
destructive implementation" would be performed.

1. Maintaining the operability of existing systems.

2. Combining different types of technical platforms.

3. Multiple connection and simultaneous use.

4. Loading the database of objects of working data warehouses.

5. Rapid deployment of the system.

6. Low financial, time and personnel investments.

The proposed block diagram formalizes such a cross-programmatic
approach and allows for integration into a single dispatching system of
water supply and sewerage companies (CWW) (Figure 2).

One of the advantages of the structure (see Figure 2) is its platform
type, which makes it possible to connect other specialized services (for
example, wastewater treatment plant management, quality control of
wastewater, maintenance and repair, environmental risk forecasting), with
the creation of a single software environment for the organization of water
supply and sewerage companies (CWW). The "Information and analytical
module for monitoring the condition of concrete structures" is part of the
"Service for monitoring municipal wastewater disposal systems", which
allows integrated collection and processing of information not only based
on the results of inspection by specialists, but also using technical means
such as a television inspection. An additional significant factor in reducing
the inertia of the observability of the condition of concrete structures is the
use of mathematical modeling, which makes it possible to indirectly pre-
dict the negative impact of WW pollutants on the elements of sewage
networks in populated areas [20].

An intelligent organization management platformof water supply and sewerage companies
(CWW) (digital basis of the dispatching service)

Monitoring service for municipal
wastewater systems

Information and analytical module for monitoring the
condition of reinforced concrete structures WN WDS

Technical means of operational control of the condition
of reinforced concrete structures WN WDS
(for example, the television inspection)

Conclusions and forecasts of the condition, recommenda-
tions for maintaining the reliability of reinforced concrete
structures

Personnel of organizations of water supply and sewerage
companies (CWW)

Technical means of operational control of the composition
of discharged wastewater

Expert diagnostics by the organization's of water supply and sewerage companies (CWW)
specialists based on sound recommendations and subject-oriented rules

Figure 2 — The general structure of the implementation of operational information and analytical control of the condition of concrete structures
of drainage networks of urban drainage systems

At the same time, in order to form a sufficient scientific and techno-
logical foundation for a sound structure for such information analytical
operational control (see Figure 2), it is necessary to solve a number of
interdisciplinary tasks.

1. System analysis of the theoretical basis of the reliability of con-
crete structures of WN WDS.

2. Formation of a database of typical defects in concrete structures of
WN WDS.
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3. Creation of a knowledge base on the influence of parameters and
modes of operation of WN WDS systems on their concrete structures,
including depending on wastewater quality indicators.

4. Creation and parameterization of mathematical models for as-
sessing and predicting the condition of concrete structures all of WN
WDS depending on the disturbing effects of internal and external nature.

5. Development of methodological recommendations for an expert
assessment of the condition of concrete structures of the VSS.

6. Formation of a methodology for using hardware and technical
means to analyze the condition of concrete structures of WN WDS.

7. Creation of technological regulations for the operational control of
the condition of concrete structures of WN WDS.

8. Substantiation and development of a software and hardware com-
plex for an information and analytical module for operational control of the
condition of concrete structures of WN WDS.

9. Testing and adaptation on real objects of the software and hard-
ware complex of the information and analytical module for monitoring the
condition of concrete structures of WN WDS.

10. Substantiation and creation of methodological support for the uni-
fication and scaling of the application of the information and analytical
module for operational control of the condition of concrete structures for
the organization of water supply and sewerage companies (CWW) in the
water supply organizations of the Republic of Belarus.

Conclusions

The article substantiates the need to implement prompt and ade-
quate monitoring of the condition of drainage networks of municipal
wastewater disposal systems, primarily made of iron-concrete structures,
while focusing on the potential catastrophic consequences of their de-
struction. An analysis of the existing regulatory framework for such moni-
toring in the Republic of Belarus indicates the inconsistency of approach-
es adopted at the level of a number of ministries, while suggesting a
direction for improving control over the technical condition of buildings
and structures in the context of reducing the inertia of decision-making
and increasing their adequacy. The structure of the implementation of
operational information and analytical control of the condition of rein-
forced concrete structures of drainage networks of municipal wastewater
disposal systems of the platform type is substantiated with the synthesis
of mathematical models based on expert opinions, the use of television
inspection and indicators of the quality of wastewater discharged; the
scientific and practical tasks of implementing such a monitoring system
are systematized.
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