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ABSTRAC Transport is a major water consumer and source of environmental pollution, including water resources. In
order to preserve and improve water quality in water bodies at industrial and transport enterprises, inclu-
ding railway enterprises, water protection measures entailing permanent significant funding are required.

The study is aimed to develop a methodology for determining dependence of water quality of the water body on the real
financing of water protection measures; theoretical justification of the choice of water quality of the water body from the quality
of wastewater (WW) of water users, discharging them into the water body and amount of financing of water protection measures.

The solution of the task of determining the best water quality in a water body under limited financing of water protection mea-
sures and rational distribution of financial resources between water users, including transport infrastructure objects, is proposed.

Financing of water protection measures in Russia is less than abroad and has been decreasing over the last three decades.
The limits for pollutant concentrations in pollutant discharges into water bodies and water disposal systems in Russia are often
set very strict, sometimes more stringent than those for drinking water, which leads to unjustified spending of investment costs.

It is pointed out that at present in Russia market relations in the field of nature and, in particular, water use have not been
formed. The basic difficulties at realization of these relations in our country are designated.

When using the proposed methodology, the rational quality of water resources of water users by limiting pollutants and
the rational distribution of funds for water protection measures among water users within the limited amount of financing are
determined. The extent to which water quality in a water body changes is also determined. The possibility of practical applica-
tion of the proposed methodology is considered.
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AH HOTA M TpaHcnopT SBASIETCS KPYMHBIM BOAOMNOTPEGUTENEM U MCTOYHMKOM 3arpsisHEHUSI OKPYXKAIOLLEN Cpefibl, BK/HO-
I_L yasi BOLHble pecypcbl. [1nsi COXpaHEeHUS U yNyULIEHWS KAYeCTBa BOAbI B BOAHbIX 06bEKTaX HA MPOMBILLIEH-

HbIX M TPAHCMOPTHbIX NPEANPUATUAX, B TOM YMCIE XKeNe3HOA0POXKHbIX, HE0OX0AMMO MPOBOAMTL BOLOOXPaHHbIE MEPOMPUATUS,

KOTOpble TPeOYHT MOCTOSIHHOTO 3HAYUTENbHOTO PUHAHCUPOBAHMSI.

Llenb nccnepgoBaHus — paspaboTka METOAMKM ONpeneneHust 3aBUCMMOCTM KayecTBa BOAbl BOAHOIMO 06beKTa OT peanbHOro
(DMHaAHCMPOBaHMS BOAOOXPAHHbIX MEPONPUSTHIA; TEOpEeTUUYECKoe 060CHOBaHUE BbIGOpa COCTOSAHMS KauecTBa BOAbl BOLHOMO 00b-
€KTa OT KayecTBa CTouHbIX Bog (CB) Bogononb3oBatenei, cbpacbiBaloLLMX UX B BOAHbIA 0OBLEKT, M OT 06beMa BUHAHCMPOBAHUS
BOJOOXPaHHbIX MEPOMNPUATUIA.

MpennoxeHo pelleHne 3a8a4m onpeneneHns Haunyylwero Ka4ecTBa BOAbl B BOLHOM 06bekTe Npu orpaHM4YeHHOM obbemMe
(DUHAHCMPOBAHMS BOAOOXPAHHBIX MEPONPUATUIA M PALMOHANIBHOM pacnpeLeneHnn GUHAHCOBbIX CPELCTB MEXAY BOAOMOb30Ba-
TensiMu, B TOM 4ucie 06bekTaMu TPaHCNOPTHOM MHDPACTPYKTYPbI.

(DrHaHCMpOBaHME BOJOOXPaHHbIX MeponpusaTuii B Poccumn MeHblue, yeM 3a pybexoM, 3a nocneaHue Tpu AecsaTUNeTUs OHO
cHuxaetcs. [MpeaenbHblie HOPMbl KOHLEHTPaLmMi 3arpsasHsowmx BewecTs (3B) B CB npu cbpoce nx B BogHble 06bEKTbI U B CUCTe-
Mbl BOL,0OTBEAEHUS B POCCHM 4acTo yCTaHABNIMBAOTCS OUYEHb XXECTKUE, UHOTAA Boee XeCTKMe, YeM K MUTLEBOM BOLE, YTO BELET K
HeornpaBaaHHOMY PAacX0L0BaHUI0 MHBECTULMOHHbIX 3aTpaT.

YKa3aHo, 4To B HacTosLlee BpeMs B Poccumn He chopMMPOBaNUCh PbIHOYHbIE OTHOLWEHMS B 061aCTM NPUPOAO- U, B YaCTHOCTH,
BOA0M0/1b30BaHUs. O603HauYeHbl OCHOBHbIE TPYAHOCTU NPU peanu3aLmm 3TUX OTHOLIEHWIA B HALLEN CTpaHe.

Mpu Ucnonb3oBaHUM NPEANOXKEHHO METOLMKM ONpPELENsETCs paLMoHanbHoe kavectBo CB Bogononb3oBateneil No IMMUTUPY-
toweMy 3B 1 paumnoHanbHoe pacnpeneneHme GUHAHCOBbIX CPECTB HA BOAOOXPaHHbIE MEPONPUSATHUS MEXAY BOLOMO/Ib30BATENSMU
B Mpefenax OrpaHUYEHHOM CyMMbl GUHAHCMPOBAHMS. YCTAaHABIMBAETCS TaKXKE, HACKObKO M3MEHSETCS KAYeCTBO BOAbI B BOAHOM

obbekTe. PaCCMOTPEHa BO3MOXXHOCTb MPaKTUYECKOro NpuMeHEHNA I'Ipe,D.ﬂO)KEHHOH METOAUKMU.

KJIO4EBDIE C/10B

, (MHaHCMpOBaHME BOLOOXPAHHbIX MEPOMNPUSATUI; KAYeCTBO BOAbI; BOLHbIN 0ObEKT; BOLOMNO/b-
+ 30BaTeslb; 06bEKTbI TPAHCMOPTHON MHGPACTPYKTYPbI; MHAEKC YUCTOTbI BOAbI; KOHLLEHTpaLus

3arpssHeHNUI; MHAEKC 3Konornyeckon 3pGeKTUBHOCTU; NpeaenbHO A0NYCTUMbIN cOpoc

[na unutupoeauua: YepHukos H.A., Teapdosckas H.B., Oxpemernko M.M. BnusHue GUHaHCMpPOBaAHUS BOLOOXPAHHbIX Mepo-
npuatuii B cdepe TpaHCMoOpTa Ha Ka4yecTBO BOAbI BOAHbIX 06bekToB // TpaHcnopt BPUKC. 2023.T. 2. Buin. 2. Cr. 2. https://doi.

org/10.46684/2023.2.2.

INTRODUCTION

Transport, like industry and energy, is a major wa-
ter consumer and source of environmental pollution,
including water resources [1].

In the XIX — beginning of the XX century, water
supply facilities were crucial for the organization and
successful operation of the transportation process un-
der steam traction. In the subsequent period, with the
transition of railway transport to other types of trac-
tion, water continues to be used for domestic, industrial
purposes, large volumes of water are consumed when
washing rolling stock, containers (including tanks of
cisterns that carry various liquids), as well as at fire-
fighting facilities of transport infrastructure. At the
moment, issues related to drainage and treatment of
wastewater (WW), rational use and protection of water
resources are of paramount importance for rail trans-
port facilities, as well as for other industrial sectors.

In order to preserve and improve water quality in
water bodies at industrial and transport enterprises,
including railway enterprises, water protection mea-

sures need to be implemented, which require constant
and significant funding. In the Transport Strategy of
the Russian Federation to 2030 with a forecast for the
period up to 2035%, Federal Law No. 416-FZ “On Wa-
ter Supply and Sanitation”?, other existing documents
usually do not provide economic justification for strict
regulatory requirements on the discharge of waste
water into water bodies. As a result, practically all wa-
ter users become hostages to the current situation, as
there are insufficient financial resources to meet the
required standards.

Relative investment in environmental protection
(EP) in Russia is significantly lower than in some other
countries (see Table).

From 1990s till present, the situation with regard to
water protection measures in the Russian Federation
has deteriorated (Fig. 1). From 1992 to 2020, according
to the Russian Statistical Yearbook 2022 [1], indicators
such as the relative investments in fixed capital aimed
at protecting water resources, the commissioning
of sewage treatment plants and the implementation
of water recycling systems are decreasing.

!Transport Strategy of the Russian Federation until 2030 with a forecast for the period until 2035 (approved by the Decree of the
Government of the Russian Federation dated 27.11.2021 No0.3363-1).
2Federal Law No. 416-FZ dated 07.12.2011 on Water Supply and Sanitation. Moscow, ConsultantPlus, 78 p.
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Table

Environmental protection costs [2]

6P, | g o | Temitory | TR

Country | cpp ?nb%'f;‘ $ billion “‘°k‘::";'“d thousand
$/km?
Russia 0.9 3807 343 17125 2.00
France 10 2983 298 552 540
Gemmany 07 4377 306 358 85.6
UK 07 32 12 M 874
japan 13 5194 675 378 179

Despite the lack of funding for water protection
measures, the maximum permissible concentrations
(MPC) of pollutants in wastewater, including from
transport infrastructure, when discharged into waste-

of water bodies

water disposal systems and water bodies in Russia are
often set very high, sometimes more stringent than for
drinking water (Fig. 2), which leads to unjustified in-
vestment costs.

RESULTS OF THE STUDY

At present, the Russian Federation has not yet es-
tablished market relations in the field of nature and,
in particular, water use. There are a number of diffi-
culties in the implementation of these relations in our
country, the main ones being:

e there is no legal basis for regulating such relation-
ships;

e financing opportunities for water protection meas-
ures, as a rule, do not allow achieving the required
values of maximum permissible discharges (MPD)
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Fig. 1. Investment in water protection, % of GDP
Water protection measures in the Russian Federation in 1992-2020
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Fig. 2. Permissible concentrations of pollutants: I — in industrial wastewater in Saint Petersburg; 2 — in drinking water; 3 — in do-
mestic and drinking water bodies; 4 — in drinking water according to the recommendations of the World Health Organisation (WHO)
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of pollutants in the required time; this obliges either
to significantly increase financing of environmen-
tal protection measures to the detriment of other
economic activities, or to reduce requirements to
the quality of waste water discharged into water
bodies in accordance with our capabilities. Over
the last decade, new less stringent requirements
for permissible pollutant discharges have been es-
tablished abroad in comparison with previously ex-
isting ones, taking into account real possibilities of
financing. These actions made it possible to imple-
ment market mechanisms in environmental protec-
tion activities to the full extent;

e there is no substantiated methodology for deter-
mining permissible pollutant discharges into ur-
ban wastewater networks, depending on MPC of
pollutants discharged into water bodies, which of-
ten leads to a paradoxical situation: in many cases,
the requirements for wastewater discharged by
water users into urban wastewater networks are
stricter®#, than MPC of pollutants in water bodies
or drinking water indicators (SanPiN°® and WHO
recommendations);

e there is no methodology for changing the quality
of water in a water body depending on the amount
of investment in water protection measures in the
basin of the water body.

Let us consider the latter circumstance in more detail.
Suppose that for a group of water users of one wa-
ter basin it is necessary to choose a rational way of fi-
nancial allocation and at the same time to obtain the
highest possible water quality of a water body, which
under a certain background pollution depends on WW

quality of water users [3].

Fig. 3 shows a graphical interpretation of the solu-
tion to the problem.

A general criterion for water quality of a water
body can be the water purity index I, [4], which for the
i-th pollutant is determined by the formula

. )

where MPC, and C, — respectively the maximum per-
missible concentration and the actual concentration of
the j-th pollutant.

Water users aim to find the maximum function
I (I), where I, —WW purity index of the i-th water user.
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Fig. 3. Graphical interpretation of the solution to the water
quality condition selection problem for two water users:

1 — function level curve / = f(/,, 1) = const; 2 — new function
level curve / = fil,, I,) = const, with increased funding opportu-
nities; 3 — the old line of budgetary restraint P, * [, + P, |, = K;

4 — a new line of budgetary constraint while maintaining the

price ratio of /, and /,; 5 — a new line of budgetary constraint

when the price ratio changes /, and /,

Since water users are often limited in funds, they can
spend part of this money in order to invest it in im-
proving WW quality of one water user, and another
part in improving the WW quality of another water
user, etc. Suppose also that P, — the price of improving
the “quality unit” of WW of the i-th water user.

In general terms, the challenge facing water users
in a water basin can be formulated as follows

1) - max; 2)
S(P 1) <K; 3)
I>0. 4

In order to visualise the condition of the problem,
let us assume that the water quality of a water body
needs to be selected for two water users. Let us denote
WW quality of one water user I, that of the second
one —I,. P, should be paid for the improvement of the
first water user’s WW (i.e. P, — the price of a “qua-
lity improvement unit” of WW of the first water user,
and for the improvement of the second water user’s

3Bezpamyatnov G.P,, Krotov Yu.A. Maximum permissible concentrations of chemical substances in the environment: handbook.

Leningrad, Chemistry, 1985;528. (In Russ.).

4 Guidelines for drinking water quality control. Volume 1. Recommendations. Geneva, World Health Organisation (WHO),

1986;126.

5SanPiN 2.1.3684-21. Sanitary and epidemiological requirements for the maintenance of urban and rural settlements, water
bodies, drinking water and potable water supply, atmospheric air, soils, living quarters, operation of industrial and public
buildings, organization and conduct of sanitary and anti-epidemic (preventive) measures. Moscow, 2021;66. (In Russ.).
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WW, P, should be paid. In this case, the task can be
expressed as follows

Ip(Il, 1) - max;
P I +P,-I <K,
I,>0; I,>0.

Let’s assume that I,  and I, , — is an optimal solu-
tion of problem (2)-(4), the constant a defines the mini-
mum permissible level of WW of the first water user
(MPD,), which depends on MPC of pollutants in water
of the water body; the constant b defines the minimum
permissible level of WW of the second water user. The
I, functions in this case can be calculated as follows

I, =f(aDb,P,P,K); (5)
I,=faDb,P,P,K). ®6)

The constants a and b set the lower limits for the
quality of the WW of water users (MPD, and MPD,).

Demand for WW quality of water users and, con-
sequently, water bodies is functionally related to the
prices for WW quality improvement of each water user
and the financial possibilities of each water user.

Function level line I, = il,, I) indicates all points
I, and I, for which the following equation is fulfilled
I,=fU,,1,) = const (i.e. the value of the criterion is the
same for these points). If we take another point, for
example I, = f7, , 1, ), lying on this curve, the value of
the criterion will not change, i.e.I =i, ,1,,) = fU, ., 1, ),
However, it will cost more to ensure I, , I, for water
users.

A change in K value results in a parallel shift of
the budget constraint line. A change in the price ra-
tio changes the slope of the budget constraint line
(see Fig. 3).

This problem has a solution only if P, -a + P,- b <K,
i.e. in the first place, it is necessary to ensure WW qua-
lity at the minimum permissible level, and then to
spend the remaining funds for additional water qua-
lity improvement. If the financial resources of natural
resource users K exceed the minimum allowable value,
the remaining part is divided according to the type of
dependence (2): I, = fU,, I,). If water users have only
had enough to ensure that the quality of WW is at a
minimum acceptable level, i.e. P,-a + P,* b = K, they
have no choice but to choose this particular set. The
cost ratios of ensuring quality of WW of the water us-
ers, which determine the slope of lines 4 and 5, have no
influence on this choice.

The water quality choice area of a water body,
which depends on the quality of WW of water users,
can be divided into three zones (see Fig. 3):

e quality of WW of water users above the maximum
permissible values MPD, (lines a and b) — the scope
of market mechanisms;
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e quality of WW of water users is equal to the maxi-
mum permissible values (lines a and b) — lines of
administrative regulation;

e quality of WW of water users cannot be ensured for
one reason or another (e.g. financing conditions) —
an area of uncertainty.

The peculiarity of the current state of water use
in Russia is that the allocated amount of funds K, as
a rule, is insufficient even to ensure the quality of dis-
charged to water bodies at the minimum acceptable
level, i.e. the necessary condition of the market mecha-
nism according to the formula (3) is not met, there is no
possibility to maneuver financial resources.

In order to meet the current MPC standards for pol-
lutants in wastewater discharged into water bodies in
our country, it is necessary to increase significantly
funding for water protection measures.

It should be borne in mind that these costs are mini-
mal and sufficient only to meet the regulatory require-
ments for the quality of waste water discharged into
water bodies. For normal functioning of water protec-
tion relations under market economy conditions (pro-
viding some freedom of choice), they should be several
times higher.

At present, Waste water quality of the majority of
water users in the Russian Federation (and, according-
ly, of water bodies) can be conditionally characterized
by the position of point G in Fig. 3.

In this regard, the view of some experts that a sys-
tem of penalties can be progressive in our conditions in
the field of drainage and protection of water resources
is untenable. It can be so only if it serves as an incen-
tive to introduce new technologies, if the natural re-
source user has a choice: to improve production or pay
a fine. At present, water users have no such alternative.

CONCLUSION

Relative financing of water protection meas-
ures in the Russian Federation is considerably lower
than in foreign countries, and has been declining in
our country over the past three decades.

The limits for concentrations of pollutants in WwW
when discharged into water bodies and water disposal
systems in Russia without economic justification are
often set very strict, sometimes more stringent than for
drinking water, which leads to unjustified expenditure
of investment costs.

The authors propose a methodology for determin-
ing the dependence of water quality of a water body
on the actual financing of water protection measures.

Consideration is given to the practical application of
the proposed methodology.
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