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Abstract. Military actions on the territory of
Ukraine cause a negative impact on the quality of
water resources due to the ingress of contaminated
effluents into underground horizons due to the
destruction and/or damage of treatment facilities.
This work deals with the definition of theoretical
approaches to the quantitative assessment of
pollution entering surface water resources through
underground feeding due to damage to protective
screens in ponds, storage tanks of various types and
tailings storage facilities. The spread of
contamination in case of screen damage was noted
in three stages: wetting of the aeration zone from
the damaged lining to the surface of the
underground flow; non-stationary rise in the
groundwater level with the formation of a water
dome; became filtering in the direction of
discharge of underground flow. The problem of the
loss of piezometric head during the passage of the
filtration flow through the screen structure and the
determination of the flow of polluted water from
the specified structure based on this value are
considered. An analytical solution to the problem
of wetting the aeration zone from the damaged
lining to the surface of the pressureless
underground flow is given. Taking into account the
increase in the permeability coefficient of the
screen due to damage, increased cracking, gusts, it
was established that if its value is greater than or
equal to 1.0*10-2m/day, the effect of screen
protection can be ignored, and the filtration costs
can be calculated according to the well-known
infiltration formulas from unlined sewage
treatment plant. The proposed approaches at
different stages of filtration losses from the sewage
treatment plant may in the future form the basis of
the development of methods for calculating the
migration of pollutants, taking into account the
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various sources of their entry into the groundwater,
depending on the degree of damage to the shielded
sewage treatment facilities.

Keywords: influence of military operations,
quality of water resources, underground power
supply, screens of treatment facilities.

INTRODUCTION

Military actions on the territory of Ukraine
have a negative impact on water resources,
both surface water and underground. As a
result, river basins and their quality are
undergoing significant changes. As a result of
the cessation of treatment facilities, the
destruction of settling tanks, the destruction of
sewage treatment facilities, collectors, drains,
accumulators, sedimentation tanks, and
tailings storage facilities, the environmental
safety of water resources is deteriorating, both
in controlled and uncontrolled territories [1,2,
etc.]. According to regulatory documents,
under normal operating conditions, the
protective screens of these structures have
filtration coefficients of 1.0%10° m/day, but
due to numerous damages, cracking and gusts,
the average filtration coefficient over the area
of the structure is it increases by several orders
of magnitude and can be 1.0%102 m/day -
1.0*10* m/day or more. Determining the
amount of damages caused by pollution and/or
clogging of surface waters as a result of
military  aggression according to the
methodology for determining damages caused
by pollution and/or clogging of waters,
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arbitrary use of water resources (Ministry of
Environmental  Protection and  Natural
Resources of Ukraine. Order No. 252 of
07/21/2022 ) requires instrumental and
laboratory measurements, visual observation
data, aerial photography, remote sensing of the
Earth, state water monitoring, primary
accounting of water use, calculation methods,
development of expert assessments, etc. [3].
The methodology provides for one-time
sampling in the case of instrumental laboratory
control, which is insufficient for a full
assessment of the quality of a water body after
pollution has entered it due to underground
feeding. There is a need for a theoretical
justification and  development of a
methodology for assessing the transfer and
transformation of pollutants by underground
runoff due to the destruction and damage of
treatment facilities.

THE AIM OF THE STUDY

The purpose of this work is to develop a
theoretical justification for the quantitative
assessment of pollution entering surface waters
through underground supply as a result of
damage to the screens of treatment facilities.

STATEMENT OF THE PROBLEM AND
RESEARCH RESULTS

Contamination from underground runoff
into surface waters as a result of hostilities in a
certain territory can occur, among others, in the
following ways:

- violation of the integrity of structures and
destruction of the screens of sedimentation
tanks, tailings storage facilities, infiltration
basins  with  further advancement of
contamination into the soil under the action of
infiltration processes;

Secondly, the destruction of supporting
structures, dams and flooding of a large area.

Destruction of protective screens of tailings
and clarifiers reduces their protective effect,
increases the conditional filtration coefficient
through screened structures of treatment
systems. It is known that the greatest loss of
piezometric head during filtration from these
treatment facilities occurs when the flow of
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contaminated liquid passes through the screen

and its infiltration on the ground water surface.

In this case, the wetting zone of the soil of the

aeration zone does not go beyond the filtration

zone with steady movement of the liquid.

According to the long-term research of the
Institute of Hydromechanics of the National
Academy of Sciences regarding the design of
drainage protective structures, the following
stages of filtration under the cladding can be
considered:

- wetting of the aeration zone from the
damaged lining to the surface of the
pressureless underground flow;

- non-stationary rise in the groundwater level
with the formation of a water dome as a
result of infiltration to the surface from the
damaged cladding;

- constant filtration flow after closing the dome
of groundwater with the bottom of the
damaged screen in the direction of
discharge of the underground flow.

But it should be noted that in case of
significant damage to the anti-filtration screen
in the form of a separate crack or other
significant damage, theoretical calculations for
determining the flow of contaminated liquid
into the soil should be carried out according to
a separate algorithm, which assumes leakage
from a separate source [4].

Analytical solution of the linear problem in
the conditions of permanent supported
filtration for melioration channels with lining
on irrigation systems was considered. with the
application of the method of filtering
resistances in work [5]. Using this approach, it
is possible to find the flow rate of the polluted
flow coming from the destroyed sewage
treatment plant to the aeration zone. At the first
stage of soil wetting of the aeration zone and
the rise of groundwater, we believe that the
filtration flow is constant over time.

During the time interval t, t+dt, the flow will
pass through the screen of width B:

t
on [
Q= _koblBa ot (1)

ty
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The amount of pressure lost at a given flow
rate through the screen is:

Ah = hy = hogt (2)

where:
host - the value of the piezometric pressure
under the destroyed cladding.

The quantity Q, which is necessary when
passing through the screen, can also be
represented in the form:

Q= J. —Ah(x)dx (3)

Equating the right-hand sides of equations
(2) and (3) and successively applying the
theorem on the average and on finite
increments, we obtain the following equation:

d dh n dh
a(KObl a) X=Xy 6 ht x= 2(3 . (4)

=3

In equation (4) t3, t4 and X3, X4 — it’s an
intermediate points of arbitrary intervals titz
and xx2.

When moving to expressions xix>—x and
tito—t, equation (4) takes the form:

J0%h_ Ok Kud -
@ axz at,a_ Nopt ' ( )

Boundary and initial conditions when
solving this equation are represented by system

(6):

h(=6,0) = —hg, h(=6,t) = —hg (6)
0h(0,t) &+ hy

ax 6

The analytical solution of this equation
assumes the following assumptions:

- constant gradient of pressure output through
the damaged screen at x=0;

- the generalized value of the filtering
coefficient kq6,. for the entire width of B.
For the Laplace image, the solution to

equation (5) can be written as:
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S S
hy(x,8) + 7% = All‘/; + Bll_\/;.

The initial conditions in the images can be
represented as:

h
h’L(_6lS) = _?K'
0h,(0,5) &+ hy
dx ~  S§

(8)

A1 1 B1 — constant values that can be
determined from the initial conditions (8).

Transition to the original function
according to [6] the pressure along the
thickness of the destroyed lining with the
generalized filtering coefficient can be written
by the equation:

h(x, t)|0>x>5 = _hK + (hg +6)

at
Z [ COSHTI Sexp( nLln 62

(—x)

2Vat

According to the integral Laplace
transform, the second term of the right-hand
side of equation (9) is zero at Koni < 102 m/day.
Such lining filtration coefficients are quite rare
in the practice of construction of sewage
treatment plants, but when these structures are
damaged as a result of military operations,
such values may occur.

The dependence for determining the final
pressure under the cladding is determined from
equation (9):

%)

ﬁost(o' t) = —hg
2 ,at
+(hg + 6) Z [—2 exp (—un §>] (10)
~ Hn

where:
un — the root of the transcendental equation,
which is equal to pn = (2n-1)m/2.

According to this approach, it is possible to
obtain pollution costs and concentrations of
individual ingredients when they enter the soil.

When determining the formation halo of the
area of pollution and the ways in which
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pollutants enter the filtration and migration
flows, it is necessary to schematize the
processes and conditions of mass transfer in
aquifers depending on their hydrogeological
characteristics [7,8]. In these works, based on
the analysis of literary sources, it is concluded
that the general mathematical model of
migration consists of two interrelated blocks,
namely, the hydrodynamic (filtration) block
and the block of transformation
(transformations) of pollutants in the aquifer.
In order to assess pollution with a sufficient
degree of accuracy for solving similar
problems, geofiltration schematization and
reduction of the filtration flow to two-
dimensional, or even one-dimensional, is
necessary. At the same time, it is desirable to
use the materials of previous monitoring
observations to test the assembled models.

The calculation formula for the running
flow rate at the third stage of filtration after
closing the dome of groundwater under the
damaged screen in the direction of discharge of
the underground flow is determined by the
well-known formula (9,10):

THy

1= Tz,
ﬂ+&m+ﬁ§
0
where:

Fk i F,p; — filtering supports, which take into
account the hydrodynamic imperfection of the
structure and the filtering resistance of the
screen of the damaged structure.

Value F¢ we find according to the method
described in detail in works [8-10], depending
on the geological structure of the aquifer.

(11)

RESULTS OF THE DISCUSSION

The results of calculations of piezometric
pressure values under the damaged structure
with filtration coefficients of 102 m/day, 103
m/day and 10* m/day are presented in Table.

According to the values in table 1, it can be
stated that in case of significant damage to the
anti-filtration screen, as well as in estimation
calculations with some margin of leakage from
the sewage treatment plant, it is possible to
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neglect the residual effect of the screen and
carry out calculations as in the case of open
ground filtration.

Table. Calculations of piezometric head
values under a damaged structure with a
conditional head of 5m

6, m | hg Kobl, Post Ah=hg -
m m/day [(0,t)), m | host, M
0,01 |50 1,67*%102 | 4,95 0,05
0,01 |50 0,67*%10° | 2,37 2,66
0,01 |50 1,06%10*| 1,01 3,99

This approach can be used in the calculation
of filtration losses of damaged open
reclamation channels and collectors with
lining.

The possibility and expediency of using the
filtration resistance method is due to the
limitation of the zone of sharp deformation of
the filtration flow near the sump, which usually
does not extend beyond one or two capacities
of the aquifer. Under the condition B>2m,
where m is the capacity of the aquifer,
according to the theory of filtration resistances,
the calculation of the third stage of filtration
can be carried out without taking into account
the action of the damaged screen (F,;; =0). At
this stage, there is a constant migration of
pollutants towards the unloading of the
underground flow.

In further research, based on the proposed
approach, it is envisaged to develop methods
for calculating the migration of pollutants,
taking into account various sources of their
entry into groundwater, depending on the
degree of damage to shielded treatment
facilities and the boundary conditions for
applying the proposed approach.

CONCLUSIONS

Quantitative assessment of the transfer of
pollutants by underground flow into surface
water through underground supply due to
damage to the screens of treatment facilities
requires the development of reliable and
substantiated mathematical models.

Previous studies have established that when
treatment facilities are damaged, the processes
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of pollution migration can be considered in
three stages, namely: wetting of the aeration
zone; non-stationary rise in the groundwater
level with the formation of a water dome;
became filtering in the direction of discharge
of underground flow.

With significant damage to the anti-
filtration screen and an average filtration
coefficient equal to Koo >1.0%10 m/day, as
well as in estimated calculations with some
margin of leakage from the sewage treatment
plant, it is possible to neglect the residual effect
of the screen and conduct calculations as in the
case of filtration in open ground.

REFERENCES

1. Nikolayeva I., Lenko G., Lobodzinsky O.
(2019). Study of the current state of Donbas
tailings repositories regarding their possible
emergency impact on water bodies in the
context of military operations. Kyiv, OSCE,
Ministry of Energy and Environmental
Protection, 52. (in Ukrainian)

2. The state of the Siversky Dinets basin and
influencing factors in the conditions of military
operations. Technical report (2018). Kyiv,
OSCE, Ministry of Energy and Environmental
Protection, 88. (in Ukrainian)

3. Methodology for determining damages caused
as a result of water pollution and/or clogging,
arbitrary use of water resources. Ministry of
Environmental ~ Protection and  Natural
Resources of Ukraine. Order No. 252 dated
07.21.2022 [Electronic mode]. — Access mode:
https://zakon.rada.gov.ua/laws/show/z0900-
22#Text (in Ukrainian)

4. Shkitsa L. E., Gruzdz V. Ya., Palinchuk O.
V., Mandryk O. M. (2012). Research on the
formation of areas of pollution and gassing by
leaks from pipelines using mathematical
models. Exploration and development of oil and
gas fields, Ne4(45), 39-45. (in Ukrainian)

5. Bereznytska Yu. O., Voloshkina O. S. (2011).
Modeling of inundation from structures with
screens to assess the effectiveness of
environmental protection measures.
Environmental safety and nature management,
No. 7, 168-175. (in Ukrainian)

6. Massalitina E. V., Kilchinsky O. O. (2018).
Operational calculation. Theory and method of
solving problems. Methodical manual for
students of technical specialties. Kyiv, NTUU

ISSN(print)2312-6590. TipHum4i, ByAiBEAbHI, AOPOXHI TQ

MEAIOPATMBHI MmaLLmHK, 101, 2023, 5-10

"KPI named after Igor Sikorsky"”, 90. (in
Ukrainian)

7. Voloshkina O. S., Kremez V. S., Oliynyk O.
E. (2012). Theoretical justification of
groundwater filtration and migration of
pollutants and fertilizers in areas of land
irrigation. Environmental safety and nature
management, No. 10, 5-24. (in Ukrainian)

8. Oleinyk O. Ya., Kalugin Yu. I. (2005). Some
results of theoretical studies of mass transfer
processes in porous media. Problems of water
supply, drainage and hydraulics, Issue 5, 100-
112. (in Ukrainian)

9. Bereznytska Yu. O., Voloshkina O. S. (2010)
Application of the method of filtration
resistances in calculating the level of
groundwater in flooded areas. Environmental
safety and nature management, No. 5, 75-83.
(in Ukrainian)

10.Loboda N. S., Paternoster N. D. (2017).
Groundwater, its pollution and impact on the
environment: study guide. Odesa, ODEU, 199.
(in Ukrainian)

TeopeTu4He 00IPYHTYBaHHS OLIHKH
3a0py/iHEeHHSI IOBEPXHEBUX BOJHUX pecypciB
MiZA3eMHHIM CTOKOM BHAC.TiJIOK BOCHHHUX il

Onena Bonowrxina®, Onena }Kykogaz, Jawniin
Mapwanr®

L23Kuiscoruii nayionanvnuii yniepcumem
byoisHUYymea i apximexkmypu

Anotanisi. Boenni nii Ha Tepuropii YkpaiHu
CIPUYMHSIIOTh HEraTUBHMM BIUIMB Ha SIKICTh
BOJZHUX  PECypCiB  BHACHIIOK  MONaJaHHA
3a0pyTHEHUX CTOKIB B Mi/I3€MHI TOPU30HTH Uepe3
py¥HaIito Ta/ab0 TOUIKOKEHHS OYHCHHUX CIIOPY/I.
B nmaniit poO0Ti po3rNsSHYTI MUTaHHS BU3HAYCHHS
TEOPETHUYHUX IMIJXOMIB JIO KIUIBKICHOI OIIIHKH
HQJIXOJ/DKEHHS  3a0pyIHEHb JI0 TOBEPXHEBUX
BOJHUX pEcypciB dyepe3 MiA3eMHE IKHUBJICHHS
BHACJIIIOK TIOIIKO/KCHb 3aXUCHUX CKPaHIiB B
CTaBKax HaKOMHMYyBadyax pIi3HOTO pOAy Ta
BOJIOCXOBHIIIAX.

BinmivueHo po3noBciomKeHHs 3a0pyAHEHb TPH
MOIIKOJDKEHHI ~ eKpaHa B TpH  eTalu:
MPOMOYYBaHHS 30HM aepauii 3 MOMIKOHKEHOrO
OONHMIIOBAaHHS Ha MOBEPXHIO Mi3€MHOTO MOTOKY;
HECTalliOHapHE MiJHSTTS PIBHS I'PYHTOBHX BOJ 3
YTBOPEHHSIM BOJIHOT'O KYTIOIy; cTana (imbTpais B
CTOPOHY PO3BaHTAXXEHHSI MiA3EMHOTO MTOTOKY.

PosrngayTo 3amady BTpaTé I’ €30METPUYHOTO
HAmopy TIpU TIPOXOJDKEHHI  (PUIBTpaIiifHOrO
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MOTOKY Yepe3 KOHCTPYKIIIFO €KpaHa Ta BUSHAYCHHS
Ha OCHOBI I BEIWMYMHHU BUTPATH 3a0pyAHEHUX
BOX i3 3asHaueHoi cmopyau. [lpuBeneHo
AQHAJIITUYHE PIIICHHS 33]adi MPOMOYYBaHHS 30HH
aeparii 3 TIOIIKOHKCHOTO OOJIMIFOBAaHHS Ha
MMOBEPXHIO OE3HAMIPHOTO IiJ3€MHOTO TMOTOKY. 3
BpaxyBaHHIM 301IbIIeHHS KoeilieHTy
MPOHUKHOCTI €KpaHy BHACIIJOK TOUIKO/KCHb,
301TBIIICHHS TPEIiHyBaTOCTI, TTOPHBIB,
BCTAHOBJICHO, IIIO TIPH HOT0 3HAYCHHI OiyIbIe, abo
nopisuioe 1,0%¥102m/100y, 1il0 3aXHCTy €KpaHy
MOXKHa HE BpPaxOBYBAaTH, a BHUTpaTH QimbTparii
po3paxoByBaTH 3a  BimommMmH  (hopMylIaMu
iHQinpTpanii 13  o4YMCHOI  HEOOMUIBOBAHOI
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Cropyau. 3amporoHOBaHI TMiAXOAW Ha Pi3HUX
cTamisx QimpTpallifHIX BTPAT 3 OYMCHOI CIIOPYAN
B MOJJANTLIIIOMY MOXKYTb JISITTH B OCHOBY pO3pOOKH
METOAIB pO3paxyHKy Mirpamii 3a0pynHeHb 3
ypaxyBaHHSAM PI3HHUX JDKepesd X HaJXOJDKCHHS B
TPYHTOBI BOAM B 3aJ€KHOCTI BiJl CTyHEHS
MOIIKO/PKEHb €KPAaHOBAaHUX OUYMCHUX CHOPYA.

KurouoBi cjioBa: BIUIMB BOEHHUX JIiH, SIKICTh
BOJHHUX PECYpCiB, MiI3eMHE JXUBJICHHS, €KpaHU
OYHCHHUX CHOPY/I.
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