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Abstract

The processes of organizing centralized drinking
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AHHOTAIIUA

[Iporiecchl opraHu3anuy  LEHTPATU30BAHHOTO

water supply for the population are based on the MUTHEBOTO BOJIOCHAOKEHHU S HaceJIeHHsI
requirements of sanitary legislation and technical HaAXOJISATCS, HCXO/s U3 TpeOOBaHUI CAHUTAPHOTO
regulation, depending on the quality of available 3aKOHO/ATENbCTBA u TEXHHYECKOTO

water sources on the applied technological
solutions in the field of water treatment, as well
as on the infrastructure of water supply processes.
At the same time, the quality of drinking water
from centralized systems is one of the most
important criteria for the operation of enterprises
in the city water supply and sewage system. The
inconsistency of the quality of drinking water
with centralized water supply, regularly noted in
the reports of Federal Agency for Consumer
Protection (Rospotrebnadzor), indicates
problems of ensuring the safety of the population,
and, on the other hand, incurs additional financial
costs for the water supply company. It should be
noted that the preservation and assessment of the
quality potential of water supply sources, which
under the influence of anthropogenic factors is
under constant threat of degradation, is also an
important factor in influencing the organization
of centralized drinking water supply from the
point of view of standardizing technological and
infrastructural solutions. Legislative
requirements in the field of drinking water quality
make it extremely difficult to fulfill obligations to

peryaupoBaHus, B ONPEACISIOIEN 3aBUCUMOCTH
OT Ka4yeCTBa UMCIOIIMUXCA BOJHBIX HCTOYHUKOB,
OT MPUMEHSAEMBIX TEXHOJIOTHYECKUX PEIICHHNA B
obnacTi  BOJOIOATOTOBKH, a TakKXke OT
MHQPACTPYKTYypbl MPOLIECCOB BOJAOCHAOMKEHHS.
BwmecTe ¢ TeM, MMEHHO Ka4eCTBO MM THEBOM BOIbI
[EHTPAIN30BAHHBIX CUCTEM SIBIISICTCSI OJHUM W3
BRKHEHIIMX KPUTEPUEB PaOOTHI IMPEANPHUSITHIA
TOPOACKOTO BOJOMPOBOJHO-KaHAIH3AIMOHHOTO
xo3sgiicTBa. DakThl HECOOTBETCTBHS KadecTBa
MMUTHEBOM BOJIBI LIEHTPAIM30BaHHOT O
BOJIOCHAO)KEHUS, PETySIPHO OTMEYaeMble B
nIoknagax PocmorpebHan3opa, ¢ 0AHONW CTOPOHBI
CBUJIECTENBCTBYIOT O IpobiieMax obecnedeHus
6e30I1acHOCTH HACENEHHs, a C APYTOil CTOPOHHI,
JIOXKAaTCsd  JONOJHUTEIBHBIM (rHAHCOBBIM
OpemMeHeM Ha TpEINPHUITHE BOIOCHAOKEHUS.
CrnemyeT OTMETUTB, YTO COXpAaHEHHE W OICHKA
MMOTEHIAAJIA KadecTBa HCTOYHHKOB
BOJIOCHAO)KEHHS, KOTOpPBIE TOX JEWCTBHEM
AHTPOTIOTEHHBIX  (PAaKTOPOB HAXOIOUTCS TIOJ
MOCTOSIHHOM ~ Yrpo30M  Jerpajanuu, TaKxKe
SBIISICTCSI BaXHEUIMM (HaKTOPOM BIMSHHUS Ha
OpPTaHM3AINI0 [EHTPAIN30BAHHOTO IHUTHEBOTO

supply the population with drinking water of the BOJIOCHAOKEHHUS c TOYKH 3pEHHS
required quality. It should be noted that the CTaHapTH3AIIH TEXHOJOTHUECKUX 14§
existing regulatory documents regulating the HH(PACTPYKTYPHBIX perieHuii.
methodology of sanitary - hygienic assessment of 3akoHOMaTeNbHBIE TpeOOBaHWS B  00JAaCTH

water quality do not fully take into account the
modern technological capabilities of the facilities

KauecTBa MUTHEBOM BOJBI ACNAIOT YPE3BbIUANHO
3aTPYTHUTEIFHBIM BBIIIOJHEHHE O0S3aTEIbCTB
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for the preparation and transportation of drinking
water, including change in emissions of
pollutants caused by anthropogenic or natural
causes.

Despite  the  significant  scientific  and
methodological amount of data regarding the
formation of requirements for centralized
drinking water supply, the issues of ensuring the
required water quality remain insufficiently
studied. There is a need for interconnection of
standardization of approaches to the selection of
technological solutions and equipment, the
formation and management of infrastructure
facilities, evaluation of the effectiveness of
design and operational components of water
supply systems, sufficient and necessary levels of
sanitary and technological safety, based including
on economic efficiency and enterprise
capabilities. The principles of designing new
infrastructure facilities and centralized drinking
water supply facilities and reconstruction of
existing ones should be based on the proposed
integrated life cycle cost methodology, which
allows optimizing production and investment
costs of urban facilities.

Issues of providing high-quality drinking water
through centralized water supply systems are
resolved separately from the standpoint of
hygiene  requirements, technological and
organizational solutions. This article proposes
approaches that choose an effective water
treatment technology, taking into account the
assessment of health risks, positioning the
technical factors of the water supply system and
the economic assessment of the technology,
taking into account the above points.

Key words: Water treatment, drinking water, risk
assessment, life cycle cost
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[0 CHAO)KEHWIO HACeJeHUs IUTHEBOH BOIOU
TpeOyemoro  kadectBa.  OrtmeruM,  4TO
CYIIECTBYIOIINE HOPMATHBHEIC JOKYMEHTHI,
pEeTIIaMCHTHPYIOINE METOJNKY CaHUTapHO -
TUTACHUYCCKOW OICHKH KayecTBa BOJBI, HE B
MOJHOH  MEpe  YYHMTHIBAIOT  COBPEMCHHEIC
TEXHOJIOTUYECKHE  BO3MOXKHOCTH  OOBEKTOB
MOJTOTOBKM W TPAaHCIOPTUPOBKUA MUTHEBOM
BOJIBI, B T.4. I3MCHCHHE SMUICCUH 3arPsS3HAIONINX
BEIICCTB, BBI3BAHHOC AHTPONOTCHHBIMU JIOO
©CTCCTBEHHBIMH MTPHYHHAMH.

HecmoTps Ha wWMerOUMCS 3HAYUTEIBHBIN
HAyYHBIH W METOJUYCCKHA OObEeM JaHHBIX B
9acTH ¢opmupoBanusi  TpeOoBaHHI K
HEHTPAITN30BaHHOMY MUTHCBOMY
BOJIOCHA0KEHHIO, HEJI0CTaTOYHO
HU3YYCHHBIMH BOIMPOCHI obecrnieueHust
TpeOyemMoro kadectBa BoAbl. HeoOxomuma
B3aMMOCBSI3b CTaHAAPTU3AIMU TOIXOIOB K

OCTAar0TCsA

BBIOOPY  TEXHOJOTMYECKHX  pelleHud U
obopyznoBaHusi, (OPMHUPOBaHUS M YIPaBICHHS
00BEKTaMH UH(PaCTPyKTYpBI, OLICHKH
3¢ EKTHBHOCTH MIPOEKTHBIX u
OKCIUTYaTAlMOHHBIX ~ COCTABIISIOIIUX ~ CHCTEM
BOJIOCHAOKEHUS, JIOCTATOYHOTO 51
HE0OXOIUMOTO  YpPOBHEW  CaHUTapHOH U

TEXHOJIOIMYECKOM 0e30M1acHOCTH, OCHOBAaHHAS B
T.4. Ha OSKOHOMHYECKOHW J(PPEKTUBHOCTH U

BO3MOXKHOCTAX  Ipeaupuatus.  [IpUHIHIIBL
HPOCKTHPOBAHUS HOBBIX 00bEKTOB
UHPACTPYKTYPBI u COOpYIKCHUIA

[EHTPAIN30BAHHOTO MU THEBOTO BOJIOCHA0KEHHS
U PEKOHCTPYKUHUS JACHCTBYIOIIMX JIOJIKHBI
OCHOBBIBAThCS Ha PEIOKEHHOM MHTETPAJIbHOM
METOJMKE 3aTpaT >KU3HEHHOTO IHKJIA, KOTopas
MTO3BOJISICT ONTUMHU3UPOBATH POU3BOACTBEHHEBIE
W UWHBECTHLHOHHBIE  3aTpaThl  OOBEKTOB
TOPOJICKOTO XO3SIMCTRA.

Bompocs obecrieueHns kKaueCTBEHHON MU THEBOM
BOJIOH MOCPEACTBOM CHCTEM
[EHTPAIM30BAHHOTO BOJIOCHAOKEHHS PEIIAtOTCS
OTHENIFHO €  TO3WNHHA  TUTHEHUYECKUX
TpeOOBaHUH, TEXHOJIOTHICCKHIX u
OpraHM3allMOHHBIX pelieHuidl. B Hactosmen
CTaTbe MPEIUIOKEHBI MOIXOIBI, MO3BOJIIOIINE
BBIOpATH b dexTrBHYIO TEXHOJIOTHIO
BOJIOTIOJITOTOBKH, C YIETOM OICHKH PHUCKOB IS
3/I0pOBBS, TIO3UIMOHUPOBAHUS TEXHIUECCKIX
(hakTOpoB  cHCTEMBI ~ BOJOCHAOXKEHHWS |
SKOHOMHUYECKOU OLICHKE TEXHOJIOTHUH,
YYHATHIBAIOIICH BBIMICTICPEUNCICHHBIC MOMEHTHI.

KuaroueBble cjioBa: BOJOIIOAIOTOBKA, TMTHEBAs
BOJIa, OIICHKA PHCKOB, CTOMMOCTD YKU3HEHHOTO
HUKIIA
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Introduction

Water supply and providing consumers with
quality drinking water are determined by the
need to solve several interrelated tasks, which
include:

o Definition and quality assurance of the
water supply source of a settlement or
enterprise

e Selection of  water  treatment
technologies taking into account the
quality of the water source and regional
characteristics

e Ensuring the quality of water supplied
to subscribers in accordance with legal
requirements

e Economic feasibility of applying
selected technical solutions

At present, the Federal project “Clean Water”
(National project "Ecology") has been launched
in the Russian Federation, according to which it
is necessary to improve the quality of drinking
water of centralized water supply systems. We
believe that it is necessary to move away from
the technological approach and consider issues of
improving the quality of water treatment through
the interconnection of hygienic, technological
and organizational aspects inherent in centralized
drinking water supply systems

Methods

The main requirement for measuring water
quality is that the levels do not exceed the
standard by more than the value of the
permissible error of the determination method
(see article 23, paragraph 4 of Federal Law of
December 7, 2011 N 416-FZ). The quality
control of drinking water is carried out through
direct measurements of the presence of pollutants
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and comparison of the detected concentrations
with MPC (maximum permissible concentration)
for drinking water (SanPiN 2.1.4.1074-01,
Decree of the Government of the Russian
Federation of 06.01.2015 N 10). To select a
rational water quality control plan, the following
aspects must be taken into account:

e  Choosing a mismatch value

e Risk accounting to consumers
(population)
e Opportunity and  feasibility  of

continuous monitoring

On the basis of Article 23 of paragraph 5 (Federal
Law of December 7, 2011 N 416-Fz), if the
average levels of drinking water samples after
water treatment taken during the calendar year do
not meet the drinking water quality standards,
local governments are required to take measures
to bring the quality of drinking water in
accordance with established requirements. This
is directly related to capital investments in water
treatment technology and infrastructure and
further operational costs. The number and
frequency of water samples (Table 1) taken for
laboratory studies of the presence of inorganic
and organic substances in water at a water intake
(water source) and before being fed into a
distribution network are set in Tables 6-8
(SanPiN  2.1.4.1074-01). In the distribution
network, the definition of inorganic and organic
substances is not standardized; we are only
talking about the mandatory determination of
microbiological and organoleptic indicators.
Risk accounting for the end user of water from
centralized water supply systems (population) is
associated with the need to assess the risks of the
effects of typical pollutants on health.

Table 1. Sampling rate data for the analysis of inorganic and organic impurities in the water of surface
water sources and before the water enters the distribution network serving 100,000 residents (SanPiN
2.1.4.1074-01)

Sampling Place

Number of samples

Water source at the water intake site
Before water enters the distribution network

4
4

The basis for the selection of drinking water
treatment technologies is the results of a
qualitative assessment of the type and quality of
the water supply (for example, “contaminated
surface  water, protected groundwater”).

Technology-specific targets are most often
applied to microbial and chemical risk factors.
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Results

A risk assessment may consist in distinguishing
between significant and less significant hazards
or events. The risk can be described by
determining the likelihood of a hazard (for
example, an undoubted, probable, unlikely
occurrence) and assessing the severity of the
consequences if the danger does occur (for

example, minor, serious, catastrophic) (Table
2). In accordance with the Guidelines for
ensuring the quality of drinking water (World
Health Organization), safety targets associated
with a particular technology are set in the form
of recommendations used in the water treatment
of drinking water sources of drinking and
domestic water supply.

Table 2. Options for determining categories of probability and severity of consequences that can be used
to assess public health risk

Categories Class Notes

Event Definitions: Frequency of occurrence:

Almost certainly 5 Once a day

Probably 4 Once a week

With moderate probability 3 Once a month

Unlikely 2 Once a year

Occasionally 1 Once every 5 years

Severity of thg Effects:

conseguences:

E:;ﬁ:mph'c effects on public 5 Exposure to chemical composition with excess MPC margin
L . The impact on the chemical composition within the safety

Significant impact 4 factor MPC

Moderate effects on . .

organoleptic properties 3 Effect on organoleptic properties

Low impact 2 Exposure without exceeding standards

Little or no impact 1 No or no exposure

Based on the classification of risks, control
measures (barrier or protective) that prevent
pollution can be ranked according to their
importance. Various semi-quantitative and

qualitative methods can be used to classify risks
(Table 3). (R 2.1.10.1920-04; Grodzensky,
Popov, 2014).

Table 3. Examples of hazardous events and related hazards in assessing drinking water treatment
technologies (Samburskiy, Pestov, 2017; Spellman, 2017)

Dangerous event

Hazards

Non-compliance with the regimes of sanitary
protection zones of a water source
Power outages

Inconsistency with the regulatory performance of
water treatment facilities. Bypass operation - bypass

Violation of water disinfection technology

Water treatment system failure

Use for water treatment of reagents and materials
that do not meet the design documentation, do not
meet the standard, the requirements of sanitary rules

In accordance with the characteristics of the
catchment area - an unpredictable change in water
quality.

- Interruptions in water treatment;

- No water disinfection

Overloading of water treatment facilities.
Insufficient quality of water treatment.

- Reliability of the disinfection system;
- Formation of disinfection by-products

Unprepared water.

Pollution of the water supply system and reduced
quality of drinking water. Chemicalization of
drinking water, the need for additional monitoring
of quality indicators of drinking water
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Clogged filters. Insufficient filter load

Vandalism, violation of the rules of anti-terrorism
security

Failure of instrumentation.

Telemetry (observation).

Emergency situations: fire; explosion, flood

Inadequate removal of suspended particles,
secondary pollution and reduced quality of drinking
water.

Pollution or loss of water supply.

Lack of water treatment process control

Loss of communication with the object of control.
Violations in water treatment technology.
Termination or limitation of the operation of
wastewater treatment plants.

Table 4. Matrix for assessing the reliability of water treatment technology based on risk determination
by a semi-quantitative method

The presence of exposure and its severity

Frequency of Little or no :

risk impact Low impact
Class 1 Class 2
Points

Almost

certainly (once 5 10

a day).

Class 5

Probably (once

a week). 4 8

Class 4

Moderate (once

a month). 3 6

Class 3

Itis unlikely

(once a year). 2 4

Class 2

Occasionally

(once every 5

years). 1 2

Class 1

Moderate

effects on Significant Catastrophic effects
organoleptic impact on public health
properties

Class 3 Class 4 Class 5

15 20 25

12 16 20

9 12 15

6 8 10

3 4 5

When using a matrix for risk assessment as a
criterion for assessing water treatment
technology based on the use of a risk assessment
methodology, expert opinion plays a significant
role, which allows one to judge the risks to
public health arising from hazardous factors or
events (Table 3.4).

After determining the value of the risk indicator
(Table 5), it is necessary to determine whether
the risk is under control and what control
measures are provided and / or implemented. If
technology vulnerabilities exist, improvement
programs should be developed through short-,
medium-, or long-term measures to mitigate the
likelihood or severity of the consequences.

Table 5. Semi-quantitative risk indicators

Risk points <6 7-9

10-15 >16

Risk class Low Medium

High Very high

37
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The risk class corresponding to the “Very High” presented in table 6 can serve as parameters for
position is not acceptable for the operation of a determining the priority of risk.
water supply company. The parameters

Table 6. Parameters for prioritizing risk

Priority Risk profile Note

The risk needs further study. It is necessary to
determine the effectiveness of existing control
measures. Additional control measures are
required.

Explicit Priority Significant risk

There s no certainty that The need for additional research on the capabilities

?eggott:) aglﬁseg ent may Uncertain risk and characteristics of technology.
Not priority Insignificant risk Risk will be considered when improving

technology.

Table 7. Health risk assessment using chemicals present in drinking water

Carcinogenic substances

Individual lifetime carcinogenic

risk of CR (R 2.1.10.1920-04) Risk characterization =~ Measures necessary to reduce risk

<10'6 Inconsequential Not required
6 5 Vaoue The increase in the multiplicity of definitions of
>10 -10 g priority risk-forming substances

-5

210 Essential Immediate risk mitigation measures over the

period due to the severity of unacceptable risk

Non-carcinogenic substances
Hazard ratio HQ (R 2.1.10.1920-

04) Risk class Measures necessary to reduce risk

<0,1 Inconsequential Not required

501-10 Vague Risk is taken into account due to priority
substances coming from other environments.

1.0 Essential The multiplicity of production control for

priority risk-forming substances is increasing.

Table 8. Health Risk Assessment Based on Water Source Factor

Compliance with  Compliance

?:/:gtsekr) source Compliance with the  requirements (SanPiN
Risk assessment GOSTy2761- regime (SanPiN (SanPiN 2.1.5.1059-01;
84 2.1.4.1110-02) 2.1.5.980-00. SanPiN2.1.7.1287
2.1.5) -03)
2ot of aniary Al regulatory
Inconsequential 1 . y Compliant documents are
Protection Zones,
followed.

compliance with the
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Vague

Essential

sanitary regime in
them

Lack of 3 zones of
Sanitary Protection
Zones

Lack of Sanitary
Protection Zones

Agreed upon

Not agreed

Only respected
(SanPiN
2.1.5.1059-01)

Documents not
complied with

Table 9. Health risk assessment (R 2.1.10.1920-04; Chemistry. Environment. Health) due to the drinking

factor determined by water treatment

Risk criteria due to

The quality of

: water entering the Construction reagents, Production
Risk assessment network after water Schedule downloads, control
treatment materials
. Agreed with the Concentratl_ons of Cont_rol methods
Low in terms of hazard " substances in provide
. . authorities of e
Inconsequential coefficient and Rospotrebnadzo ~ 2dUeous extracts sensitivity less
individual lifetime risk ; P and extracts less than and at the
than 0.1 MPC level of 0.1 MPC
Acceptable in terms of Agreed with the The concentration Control methods

hazard coefficient and

authorities of

of substances in

provide a

39

Vague individual lifetime Rospotrebnadzo extracts ?n? h sensitivity of 0.5
carcinogenic risk r extracts Is ess than MPC
0.5 MPC
Unacceptable in terms mgtaa:]girr]%er?tivg;th Concentration in Control methods
. of hazard coefficient and extracts and provide
Essential S I of e
individual lifetime Rospotrebnadzo extracts at and sensitivity at the
carcinogenic risk ; P above MPC MPC level.
Table 10. Health risk classification due to transport and distribution of water
Risk class Residual Reagent Flushl_ng from piping Bio-formation ngll_ty Control
Levels materials Efficiency
Below Below
Inconsequential concentrations concentrations Low Conforms to all
g equivalent to equivalent to measured indicators
reference doses reference doses
At concentrations At concentrations .
. : Conforms to priority
Vague equivalent to equivalent to Average S
indicators
reference doses reference doses
Not in compliance
Essential Above MPC Above MPC Intense with controlled
indicators
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Further analysis of water treatment technologies
based on the use of a population health risk
assessment methodology, taking into account
the list of hazardous events and related
hazardous factors, will justify the choice of the
most  suitable technology for specific
conditions. The  effectiveness of the
implementation of modernization projects
(implementation of innovative water treatment
technologies) (Res) is assessed by the level of
achievement of an acceptable / targeted
individual and / or population health risk
according to formula (1) (MR 2.1.4.0143-19):

R after

Res = ! :

R target
where

€))

R after - risk (individual and / or population)
after the implementation of modernization
projects (implementation of innovative water
treatment technology);

R target - acceptable / target risk level.

The modernization project (water treatment
technology) is considered effective at Res<I. If
there are several alternative water treatment
technologies for one object, the effectiveness of
each technology (Eff) is evaluated according to
the formula (2):

AR
EfS = Zavaomery @

where

AR — the difference in the values of individual or
population risk before and after the
implementation of the modernization project
(introduction of innovative water treatment
technology);

Z — capital (k) and annual operating (oper) costs
for the implementation of the project to
modernize the water supply system.

To calculate the costs in formula 2, we suggest
using the developed methodology for assessing
the cost of the life cycle (CLC) (Samburskiy,
Bazhenov, 2018).

A complete view of the fair value equation,
taking into account the discounted costs over
time, is represented by the formula:

CAPIT (BN + PRy i+ i)

1+

CLC = ¥

N Zn OPERAT (C, + Co + Cpy + Co + Cony)
2 (1+nn

©)

+ Cq4
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where n — Billing period, years; t1, t2 — the
beginning of the stages of implementation of
capital and operating costs;

CAPIT — The amount of capital expenditures
for items of constituent elements of the CLC;

Cic-*™N — Part of the one-time capital expenditures
for the acquisition of a land plot (L - land), the
cost of obtaining permits and the cost of
connecting to other structures and engineering
networks of water supply, heat supply,
electricity, gas supply (N - network)

Cic R — Part of the capital costs associated with
the provision of design, engineering, or research
and development work on the development of
design, technological documentation;

Cic — Initial capital cost (general construction
work, price of purchased equipment, cost of the
technological system with this equipment);

Cin — Cost of installation and commissioning
costs  (construction and installation and
commissioning);

OPERAT- The amount of operating costs
under the articles of the constituent elements
of the CLC;

C. — Cost of electricity consumed,;

C, —the cost of the service or the current costs of
the staff;

Cm — Cost of repair, service and maintenance
costs (routine maintenance); for regular
consumption of goods (reagent or material);

Cs — Cost of losses from unforeseen downtime
and lost products;

Cenv — Cost of environmental protection and
damage prevention;

Cq — Cost of expenses at the end of the billing
period “n” of the CLC;

Cd - Cost of expenses at the end of the billing
period “n” of the LC;

Cq — Cost of the costs of decommissioning a
water supply and disposal facility, including
restoring the environment minus the cost of reuse
materials.

i — Interest rate (for example, a bank accepted
taking into account deposit rates of banks of high
reliability category), share of units;

r = (i-p) — Discount rate, shares units;

R — Discount coefficient, shares units.

It is necessary to reduce the data obtained by the
options to a common table, at the end of which
the values of the total value of the CLC are
indicated (Table 11).
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Table 11. Calculation results

Option 1:

rebuild concrete,
shift the network,
do not change
equipment

Components of CLC in the
modernization option

Option 2: provide a
barrier function for
metals; replace
equipment; change
the disinfection mode
to UV

Option 3: ensure the
removal of metals,
replace equipment,
change the disinfection
mode to ozonation +
sorption + UV

Ci*¢ not considered according to the technical specifications

Cic "R, million rubles 55 45 58

Cic, _with the price of 460 1250 2150

equipment

Cin 58 490 750

CAPIT 523,5 1875 2958

Ce 12800 10850 14100

Co not considered according to the technical specifications

Cnm 250 150 4550

Cs 1550 - -

Cenv 25 15 15

Cq not considered according to the technical specifications

OPERAT 14625 11015 18665

CLC 15148,5 12980 21623
Discussion initial data for the choice of water treatment

Ensuring the quality of drinking water of
centralized water supply is impossible without
taking into account the risks arising from the
entire technological process. Water quality in a
water source, features of water treatment
technologies; final requirements for water supply
safety should form a single system of factors.
Considering the fact that this system of factors is
in the field of view of various areas of legislation
(hygienic, technological, metrological
components), the proposed tools for assessing
health risks, combined with the positioning of
risks from technological processes and the risks
associated with conducting analyzes confirming
the quality of drinking water, should be the basis
for the selection of technological solutions in the
field of water treatment for centralized water
supply systems.

Based on the proposed data, it is possible to
correctly use the mathematical apparatus when
choosing water treatment technologies. This
question was not part of the task of this study,
nevertheless, on the basis of (Grodzenskiy et al.,
2019), which proposed the Modified WaldBoost
meta-algorithm to clarify the boundaries of the
decision on the classification of objects, we draw
attention to the possibility of reducing design
costs for a given accuracy of classification results
water treatment facilities. The use of such
algorithms reduces the duration of the
corresponding complex calculations in the
presence of weak classifiers, which include the

technologies.

The introduction of a risk-based approach into
practice will ensure compliance with hygienic
requirements for water quality of centralized
drinking water supply systems. A comparative
analysis of water treatment technologies based
on the use of the methodology for assessing the
risk to public health, taking into account the list
of dangerous events and related dangerous
factors, will justify the choice of the most
suitable technology for specific conditions
(Krasnova, Samburskiy, 2018; Prodos et al.,
2018). For such purposes, it is advisable to use
the semiquantitative matrix method proposed in
this paper. This approach allows a qualitative
assessment of risks, and the translation of a
qualitative assessment into a point scale makes it
possible, without additional research, to select
technologies based on a preliminary risk
analysis. We have proposed the use of a life cycle
cost estimation mechanism as a basis for
calculating costs in a comparative analysis of
water treatment technologies. This toolkit is
practically not used in the Russian Federation.
Considering that the Federal project “Pure
Water” is currently being implemented in the
Russian Federation, we believe that the life cycle
cost assessment for water treatment facilities
should serve as the basis for evaluating
technological solutions to select the optimal
construction option, taking into account capital
and operating costs.
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Conclusion

Water quality of centralized drinking water
supply is the subject of numerous professional
and public disputes, while being an essential
component of the quality of life of the population
of our country. The safety criterion for drinking
water supply is not to exceed the concentrations
of pollutants established in (SanPiN 2.1.4.1074-
01). An additional aspect that shapes the quality
of drinking water supply is the ability to detect
relevant pollutants. In the framework of this
work, approaches to risk assessment for existing
centralized water supply systems are proposed,
taking into account the requirements of current
regulatory legal acts. Thus, the risk assessment
procedure for the state of centralized water
supply systems should take into account the
impact of each facility that is part of a centralized
water supply system, and also take into account
risk-oriented aspects for making decisions on
further modernization of facilities, including the
choice of technologies based on the cost of the
life cycle.
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