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LOCALIZATION OF POLLUTION SOURCES -
INVERSE TASK IN POLLUTION TRANSPORT

Marek Sokac, Yvetta Veliskova

Paper describes the current knowledge and possible methods to solve the inverse task of the pollution transport in
watercourses. Inverse pollution transport task in watercourses arises in cases when place of the pollution entry into
a watercourse is unknown (e.g. breakdown pollution leakage, ecological accident along a watercourse), but we know the
pollution concentration time course in the monitoring profile. Solutions of such defined task are characterized by a high
degree of uncertainty because the boundary conditions are not known: besides that, pollution source location is
unknown, discharged amount of pollutant and the time course of the pollutant concentration in the efflux are unknown
or unclear, as well. Problematic can be also to determine the hydraulic conditions in a watercourse as well as the
dispersion parameters. Paper contains a definition of inverse task, brief description and categorisation of the methods
used for solving inverse problems of pollution transport in watercourses, as well as the analysis of the problems and
errors arising in solving of inverse tasks and proposed solution concept.

KEY WORDS: pollution source, localisation, inverse task, on-line monitoring, dispersion, watercourse

LOKALIZACIA ZDROJA ZNECISTENIA — INVERZNA ULOHA TRANSPORTU ZNECISTENIA. Prispevok
opisuje stcasné poznatky a postupy rieSenia inverznej ulohy transportu znecistenia vo vodnych tokoch. Inverzna uloha
transportu zne€istenia vo vodnych tokoch vznika v pripadoch, ked’ nie je zname miesto vypustania znecistenia do
vodného toku (napr. havarijny Gnik znecistenia, ekologicka havaria na toku), je v§ak znamy ¢asovy priebeh koncentracie
zneCistenia v monitorovanom profile. RieSenia takto definovanej ulohy su charakterizované vel’kou mierou neurcitosti,
pretoZe nie su zname okrajové podmienky tlohy, t. j. okrem neznameho umiestnenia zdroja znec€istenia je to vypustané
mnozstvo znecistujucej latky a Casovy priebeh vypustania. Problematické moze byt aj urcenie hydraulickych
podmienok vo vodnom toku a parametre disperzie. Prispevok obsahuje definiciu inverznej tulohy, struény opis
arozdelenie metdd, pouzivanych na rieSenie inverznych tloh transportu znecistenia vo vodnom toku, ako aj analyzu
problémov a chyb, vznikajicich pri rieSeni inverznej tilohy a navrhovany koncept rieSenia.

KIZUCOVE SLOVA: zdroj zne&istenia, lokalizacia, inverzna tloha, on-line monitoring, disperzia, vodny rok

Introduction

At present time, the prevalent tasks in water quality
modelling practice are those ones, in which initial and
boundary conditions are known and the model is solving
pollution concentration in downstream direction (Aral et
al., 1996; Pérez Guerrero et al., 2010; van Genuchten et
al., 2013a; van Genuchten, et al., 2013b). It is typically
for the tasks of this type, that the quantity, the time
course of discharge and concentration of emitted
pollutant are known parameters, as well as the hydraulic
conditions in the watercourse. The result of such mo-

delling tasks is a time course of pollutant concentration
in the watercourse locations. The overwhelming majori-
ty of existing simulation models is composed exactly for
that purpose, i.e. such models can simulate the pollution
spreading (concentration) only downstream from the
pollutant source (De Smedt, et al., 2015; Fischer, et al.,
1979; Thomann, 1973; van Genuchten, et al., 2013a).
Together with that, these models strictly require all the
initial and boundary conditions (discharges, location
and concentration of the pollutant).

However, the opposite problems may occur in
practice:pollution concentration time courses in specific
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cross-section profile along a watercourse are known
(e.g. based on the on-line monitoring), but pollution
source location, as well as the pollution amount, are
unknown. The objective of this task is to determine the
location of pollution source (localization task) as well as
the total pollution amount and time course of pollution
efflux. This type of task can occur in case of accidental
pollution, when the first cause of the pollution is not
known, or even with intentional act that can be defined
as an offense or crime (illegal business - production of
various substances, illegal wastewater outlets, etc.).

Basic terms definition
On-line monitoring

The development of analytical and telecommunication
technology leads to increase of monitoring options and
needs. The water quantity monitoring today (discharges,
water levels) is almost normal in watercourses and
reservoirs or lakes, but also in other water structures,
such as water supply and sewerage systems (discharge,
water level in the drinking water reservoirs, inflow to
the wastewater treatment plant...). With the
improvement of telecommunications services and data
transmissions comes also the possibility to monitor
parameters in real time, i.e. introduction of systems for
control and data acquisition (Supervisory Control and
Data Acquisition — SCADA).

Monitoring of water quality is much more difficult and
complicated in comparison with monitoring of water
quantity. The basic problem lies usually in the fact that
majority of chemical analysis cannot be carried out in
real time, respectively on-site. Therefore, generally in
on-line monitoring of water quality there are measured
and recorded only easily measurable parameters such
temperature, pH, turbidity, conductivity etc. These
parameters may, of course, indirectly indicate the
emergency situation, but it is necessary to make a sense
that the specific pollutants do not have to affect
monitored parameters in all cases. But new
developments give rise to many automatic, respectively
semi-automatic systems for monitoring of various water
quality parameters. The problem could be only the fact
that some of these systems work in a batch mode, i.e.
values of monitored parameters are discontinuous,
wherein the interval between each value depends on the
time needed for processing and evaluation of a sample.
An interesting possibility with great potential is the
development of so-called molecular imprinted polymers
(MIP) (Wikipedia, 2016). These are polymers, which
are designed to selectively extract the solid phase of
specific substances. Their separation effect is based on
the size and shape of the specific functional groups of
the analyte substance molecules, which "fingerprint"
corresponds with the size and shape of the cavities
within the polymer. This principle is already known and
used in passive samplers. The project GoldFish
(SOVVA, 2014) used another feature of these polymers

— change the amount of captured analyte involve
a change of capacitance (capacitive reactance — apparent
electrical resistance to alternating current). This variable
can be relatively easily measured and calibration is
possible to calculate the quantity of analyte concen-
tration in water. The accuracy of such measurements
has been declared in the project at pg.m” up to ng.I",
however during the practical implementation the
achieved accuracy is lower, about mg.I". Molecularly
imprinted polymer can be used only for one type of
pollution, and mostly only to specific substances. They
are therefore suitable only for a specific monitoring of
pollution, such as micropollutants.

Definition of the inverse task of the pollution transport
in watercourses

As it was mentioned above, most of the current models
are focused on modelling of pollution spreading in
downstream direction. Pollution source localization on
the base of monitoring data is referred as an “inverse
problem” (El Badia, et al., 1998). It is necessary to note,
that such inverse task has not always an unequivocal
solution, the result is usually a set of potential solutions.
Inverse problem is far more understood as a mathema-
tical problem, verified practical applications or commer-
cial software dealing with the inverse problem are not
currently known. A number of works about these issues
can be found in the literature, e.g. (Andrle et al., 2012;
El Badia et al., 2007; Andrle et al., 2011; Verdiére et al.,
2013). In general, the presented methods and solutions
are rather complex and complicated, and many
limitations and restrictions occur in their practical appli-
cation. The inverse problem is usually ill-conditioned
due to the limited observations and irreversibility of the
dispersion phenomena (Xiaole, et al., 2017).

Based on such inverse task meaning, it can be assumed
that the general and exact solution of this task is not
possible: every solution, with using of any method, will
generate only the approximate results or estimations,
that should be represented with a particular - most
probable - outcomes from number of potential solutions
(simulations), the results of which are in best
coincidence with monitored data.

Applied simplifications

The inverse task solutions are usually connected with
many unknown characteristics, as well as some methods
of their solution require a large number of numerical
simulations. Therefore, simplifying assumptions are
often used, results of which are simple numerical
models (e.g. analytical solutions) that accelerate the
numerical simulations and reduce the computing time
required to solve the overall task.

For practical solution of an inverse problem the
following assumptions are very often accepted:

1. Pollution is conservative

2. Pollution source is asimple one and is located at
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a watercourse reach without any tributaries and
lateral inflows
3. Prismatic river bed along watercourse reach.

Pollution conservatism means that examined pollution
substance is not subject to any physical, chemical or
biological (biochemical) processes that take place in a
watercourse. It is obvious that absolutely conservative
substance does not exist in practice, so it is more
realistic to require that ongoing changes are not random
and fast, but rather slow and gradual (slow changes
mean that the concentration changes are reflected in the
order of days or in a longer time period).

In case of not conservative pollutant (polluting substan-
ce is a subject of physical, chemical or biological
processes), inverse problem could be solved by similar
processes, but decomposition (concentration decrease)
of the substance should be considered in the simulation
(El Badia, et al., 2005).

Simple pollution source assumption means, that in the
investigated watercourse reach is only one, spatially
invariant source of pollution, which emits pollution
directly into the watercourse (not into a tributary).
Another assumption is linked with requirement concer-
ning a watercourse reach without tributary. By this way
the length of examined watercourse reach is given

For correct operation of so-called localization tool, it
will be as a key task the determination of hydraulic
parameters (discharges, cross-section profile area, flow
velocity) in the watercourse. This task is even more
complicated by the fact, that the hydraulic parameters
vary depending on the hydrological situation (discharge)
in a watercourse.

Approaches to inverse problems solution
Approach to solving inverse problems is very diverse

and individual. Overall, known methods of inverse
problem solutions can be divided into the following

groups:
1. Methods for estimation of the time of pollution
entry,

2. Simplified methods,
3. Inverse numerical simulations.

Similar classification can be found in (Mazaheri, et al.,
2015), where existing approaches are classified as
simulation-optimization approach, probabilistic, and
mathematical approach.

1. The methods, focused to estimate the time of the
pollution entry into a watercourse, are using the simila-
rity or consistency of the ascending part of the concen-
tration time course curve (monitored concentrations in
the watercourse) with the curve modelled by simplified
model (Sajer, 2014; Sajer, 2015). Based on the
similarity these methods determine the contamination
entry time, from which itis possible to locate the entry

point in the next steps.

2. Simplified methods are aimed to the simulation of
various / possible pollution incidents. They use simple
calculation methods based on simplified analytical
solutions and compare simulation results with measured
(monitored) levels (Jandora et al., 2002; Ghane et al.,
2016). The advantage of these methods is their
simplicity, rapid implementation, the possibility of
simple modifications of the basic control equation for
specific conditions (e.g. the occurrence of dead zones,
etc.). Their disadvantage is the necessity of a relatively
large number of numerical simulation accomplishments,
and by this way a long computation time. As an
appropriate method for resolving this problem, the non-
linear regression methods appear.

3. The inverse numerical simulation target more com-
plex mathematical and numerical techniques (upstream
flow). From a mathematical point of view they are more
accurate, but also more complicated and more difficult
to compiling computer programs (Verdicre et al., 2013;
El Badia et al., 2007). Their use is generally limited by
used assumption reducing the uncertainty degree of the
inverse problem, such as the immediate pollution entry,
knowledge of the time function (functions) which
describe the pollution entry, etc.

Problems concerning inverse problems solution

The problems affecting the accuracy or existence of the
inverse tasks solution can be divided into the following
areas:

1. Problems arising from the accuracy and representati-
veness of the concentration measurement in the
watercourse

2. Problems arising from the diversity of theoretical
assumptions and real conditions

3. Problem of large lengths

1. This type of problems can have different causes and
origins. Measurement of pollution concentration can use
various technology, and hence the accuracy of these
measurements, as well as the time interval of individual
values (time step). Practically all methods of inverse
problems solution are based on the pollution
concentration time courses in the watercourse, so that
inaccuracies in their determination have a decisive
influence on the solution accuracy. A long time interval
between individual measured values can be also a
problem because time variations of monitored pollution
concentration could not be captured at all.

Another type of problem arises from the assumption,
that the pollution in a watercourse is transversely and
vertically homogenized, but in fact it may be not true.
As we do not know the distance of the pollution source,
it is possible that pollution in watercourse has not been
homogenized yet. This may happen in the case of short
distances of the monitoring cross-section profile from
the contamination entry point, or in the case of water-
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courses with large width and a relatively shallow depth
(it requires relatively large distance for homogeniza-
tion). Problematic may also be the location of the
monitoring probe in such watercourses. The measured
values should represent the mean cross-section pollution
concentration values. Solution is to use multiple probes
in monitored cross-section profile, but this would shift
the general 1D inverse task to 2D.

2. Simplifying assumptions are very often used on
inverse problems solution. They are mainly instanta-
neous pollution entry, which happens in fact very rarely.
Pollution entry has rarely immediate and one-shot
nature, it happens mostly in longer time (intervals) and
pollution quantity (mass flow) may be significantly
variable.

The problem may be also the entry of pollution into
a watercourse itself. Theoretical assumption is that
pollution enters in the centre of a watercourse, but in
fact, typical case is that the pollution gets into the
watercourse from its banks.

Problematic is also inverse problems solution in
watercourses with occurrence of so-called dead zones
(Shen et al., 2010; Bencala et al., 1983, Runkel, 1998).
Dead zones can be, for example, morphological
irregularities formed at watercourse bed, the areas with
dense vegetation, non-overflowed watercourse side
arms etc. Such zones distort the symmetry of the
concentration time course curve in the watercourse and
form a characteristic long “tail” of the pollution
concentration time course curve. In principle, the dead
zones disturb the assumption of symmetric dispersion
(diffusion) of the substance in downstream and
upstream directions.

Another case of problems which can occur in the
examined watercourse reach are, for example, small
lateral inflows (infiltration), variation of background
concentration of the monitored substance or hydraulic
parameter values, other pollution sources, etc. (Deng, et
al., 2002).

3. [Irregularities in the time course of pollution
concentration, arising by irregularity of the pollution
entry into the watercourse, fade-out with increasing
distance (extension of the pollution entry time to a
watercourse), until these irregularities completely
disappear. The result of this is the "smooth" pollution
concentration time course curve. Prolonged duration of
the pollution entry into the watercourse may form
substantially "flat" curve, similar to the steady state, e.g.
the same shape of pollution concentration time course
curve like in the case of continuous pollution inflow. In
such cases, the inverse task solution is possible only by
analysing of the ascending part of the curve (methods,
focused to estimate the time of the pollution entry into
the watercourse), other methods are not able to solve
such inverse tasks. For this reason, authors of related
studies often describe and demonstrate, solutions along
a relatively short distance from the pollution source to
the monitored cross-section profile (in order of
hundreds of meters).

The proposed concept for pollution source localisation

The project VEGA Nr. 1/0805/16 focuses on the

methods for practical solutions of inverse problems, i.c.

localisation of pollution source. The following section

describes proposed method, which will be further

developed and improved.

Our goal is to develop as far as possible universal

solution, i.e. the solution which takes into account the

unknown parameters as much as possible. It means

apart from the distance of the entry point also the

possible variability of the time course pollution entry

into a watercourse.

The general solution method is based on the computa-

tion of simulations for possible boundary conditions:

1. different distances between the pollution source and
the monitoring cross-section profile,

2. for the various alternatives of pollution concentra-
tions time courses.

After that, simulation results of each alternatives will be
compared with monitoring data. Boundary conditions,
simulation of which will match the monitored data the
best, can be considered as probable solution.

In principle, it as a “brute force” method. The risk of
such method is the computational time, which is ne-
cessary to carry out a huge number of numeric simula-
tions. This time will be conditional to the length of
simulated watercourse reach and time and length steps,
which implies the total number of simulations needed.
We therefore consider as necessary (beside the inverse
problem solution method development) to develop
optimization methods for the proposed computational
procedure to reduce the required number of simulations,
which would speed up the overall inverse problem
solution.

The definition of the parameters needed for the
pollution transport simulation in a watercourse has to
reflect the fact, that the basic hydraulic parameters,
characterizing the flow in a watercourse, are variable in
time, they depend on the current hydrological situation.
Therefore, it is necessary or suitable to define or
describe the discharge cross-section area, mean flow
velocity, eventually the discharge as a function of depth
of water in watercourse. This principle is commonly
used in hydrological measurement cross-section profiles
and hydrology service can provide such data, in general.
Inverse task has to be solved with hydrological
parameters which were monitored during examined
event (accident).

Next problem is the spatial variation of hydraulic
parameters. In solving inverse problems, we assume
spatial discretization, it means the division of the
investigated watercourse reach to several sections in
which we can assume constant hydraulic conditions
(flow velocity, depth, cross-sectional area...) — see Fig.1.
Then, the resulting pollutogram will be the result of the
partial transformation of the input pollutogram at parti-
cular sub-sections of the investigated watercourse reach.
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Monitored
profile

1

Section 1 .
Section 2

Fig. 1.
Obr. 2.

Risk of the proposed inverse problem solution
procedure is the sensitivity of the method to various
influences, such as hydraulic watercourse parameters
and the precision of numerical description of dispersion
process in real watercourses , especially the presence of
dead zones, singularities, etc. It comes from the fact that
the solution of given inverse task is based on the search
of the best similarity or correspondence of measured
and simulated pollutograms. This clearly demonstrates
the need for further research and improvement of
modelling procedures focused on dispersion processes
in conditions of real streams.

Conclusions

Systems for water quality on-line monitoring in rivers
have great potential for the control, eventually
management of water quality in rivers. They enable
operational monitoring and control of discharges of
specific substances. In case of water quality accidents
(acute and extraordinary deterioration of water quality)
such systems can provide the necessary information for
operational measures, as well as to provide data for
models to simulate a prediction of water quality in real
time. Specific problems related to the on-line
monitoring is the polluters identification. Task of this
type can occur in the case of accidental pollution, where
the polluter is unknown, as well as in the cases of
operational or explorative water bodies monitoring. As
noted above, general and accurate solutions of inverse
problems have been still unknown and inaccessible,
using any method always gives only the approximate
solution or estimation, eventually the choice of a
particular solution — the most probable case from a
number of possible simulations, results of which fits the
best with monitored data. In this paper we describe one
possible approach how to solve the inverse problem,
which we plan to explore more detailed in close future.

Monitored
profile

Section 3

Pollutogram transformation along the sub-sections of investigated river branch
Transformacia polutogramu na ciastkovych sekcidach vysetrovaného useku toku.
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LOKALIZACIA ZDROJA ZNECISTENIA — INVERZNA ULOHA TRANSPORTU ZNECISTENIA

Definicia inverznej ulohy transportu znecistenia

v povrchovom toku

Ako bolo spomenuté vyssie, vac¢sina modelov v sucas-
nosti sa zameriava na modelovanie Sirenia znecistenia
v smere toku. Opacéna tloha — lokalizacia zdroja znecis-
tenia na zaklade znamych merani sa oznacuje ako tzv.
inverzna Uloha. Je potrebné uviest, Ze ide o tlohu, ktora
neméd vzdy jednoznac¢né rieSenie, ale vysledkom je
spravidla niekol’ko pravdepodobnych rieSeni. Tato tiloha
je zatial’ skor v $tadiu rieSenia matematického problému,
verifikované praktické aplikacie alebo komerény SW,
ktory by riesil problém inverznej tlohy, nie je v sucas-
nosti znamy. V literatire je mozné najst’ viacero prac,
zaoberajucich sa touto problematikou, napr. (Andrle et
al., 2012; El Badia et al., 2007; Andrle et al., 2011;
Verdiére et al., 2013), vo vSeobecnosti je ale mozné
konstatovat’, Ze prezentované metddy rieSenia si pomer-
ne komplikované a pri ich praktickom vyuziti narazime
na mnohé limity a obmedzenia.

PouZivané zjednodusujice predpoklady
Pri rieseni inverznych uloh sa spravidla vyskytuje velky

pocet neznamych, resp. niektoré metoddy rieSenia vyza-

duju velky pocet numerickych simulécii. Preto sa asto

pouzivaji zjednodusujice predpoklady a znich vyply-

vajuce jednoduché¢ matematické modely (napr. analy-

tické rieSenia), ktoré urychl'uju realizdciu numerickych

simulacii a skracuju ¢as, potrebny na rieSenie ulohy.

Pri praktickom rieSeni inverznej ulohy sa Casto uvazuje

s nasledovnymi predpokladmi :

1. znecistenie je konzervativne

2. ide o jednoduchy zdroj znedistenia, ktory sa nacha-
dza na tseku rieky bez bo¢nych pritokov a odberov,

3. koryto je prizmatické.

Predpoklad jednoduchého zdroja znelistenia znamena,
ze vo vySetrovanom useku rieky je iba jeden, priestoro-
vo nemenny zdroj znelistenia, ktory vypusta zneciste-
nie priamo do rieky (teda nie do pritoku vySetrovaného
useku. Pre spravnu funkciu lokalizaéného nastroja bude
kl'icovou ulohou presné urcenie hydraulickych veli¢in
toku, ktoré je eSte komplikované skutocnost’ou, zZe tieto
hydraulické veli¢iny sa menia v zévislosti na hydrolo-
gickej situacii (prietoku) v rieke.
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Rozdelenie pristupov k rieSeniu inverznych tiloh
Pristup k rieSeniu inverznych uloh je vel'mi réznorody
a individualny. Celkovo moZeme zndme postupy riese-
nia inverznej ulohy rozdelit’ do nasledovnych skupin:

1. Metody, zamerané na odhad ¢asu vnosu,

2. Zjednodusené metddy,

3. Inverzné numerické simulacie.

1. Metody, zamerané na odhad Casu vnosu znecistenia
do toku, napr. (Sajer, 2014; Sajer, 2015), vyuzivaji
podobnost’, resp. zhodu vzostupnej <casti krivky
¢asového priebehu nameranych koncentracii vo vodnom
toku so zjednodusenymi modelmi. Na zéklade podob-
nosti je mozné urcit’ ¢as vnosu znecistenia, z ktoré¢ho je
potom mozné lokalizovat’ aj miesto vnosu.

2. ZjednoduSené metdody — tieto sa zameriavaju na
simulaciu jednotlivych moznych pripadov znecistenia
pri pouziti zjednoduSenych analytickych rieSeni a na-
sledné porovnanie vysledkov simulacie s nameranymi
(monitorovanymi) hodnotami. Vyhodou tychto metod je
ich jednoduchost, rychla realizacia, moznost’ jednodu-
chej modifikacie zakladnej riadiacej rovnice pre kon-
krétne podmienky (napr. vyskyt mitvych zén apod.).
Ich nevyhodou je potrebna realizacia vel'kého mnozZstva
numerickych simulécii, resp. dlhy vypoctovy cas.

3. ZlozitejSie postupy sa zameriavajl na inverzné
numerické simulacie (proti pradu toku). Z matematic-
kého hladiska st presnejsie, ale zaroven aj komplikova-
nejsie a naro¢nejSie na zostavenia pocitatovych progra-
mov, (Verdiére et al., 2013; El Badia et al., 2007). Ich
pouzitie je vSak spravidla limitované pouzitym zjedno-
duSujucim predpokladom, ako napr. predpoklad okam-
zittho tUniku znelistenia, znalost casovej zavislosti
(funkcie), ktora opisuje vnos znecistenia a pod.

Okruhy problémov pri rieSeni inverznych uloh

Problémy, vplyvajice na presnost, pripadne existenciu

rieSenia inverznej ulohy, moézeme rozdelit do tychto

okruhov:

1. Problémy vyplyvajice zpresnosti a reprezentativ-
nosti merania koncentracii vo vodnom toku

2. Problémy, vyplyvajice zrozdielnosti teoretickych
predpokladov a realnych podmienok na toku

3. Problém velkych dizok.

1 Tento typ problémov mdze mat rbézne priciny
apdvod. Koncentracie znecistenia moézu byt merané
roznou technoldgiou, z ¢oho potom vyplyva aj presnost’
merania tychto ukazovatelov, ale aj Casovy interval
jednotlivych hodnét (Casovy krok). Prakticky vsetky
metddy rieSenia inverznej tlohy vychadzaju z casového
priebehu koncentracii ukazovatelov zneCistenia vo
vodnom toku, takZe nepresnosti v stanoveni maju
rozhodujuci vplyv na presnost’ rieSenia.

Iny typ problémov vyplyva zo toho, Ze predpokladame
dokonalé¢ premieSanie v priecnom aj vertikdlnom
smere,, ¢o Vv skutonosti nemusi byt pravda. Kedze

vzdialenost’ zdroja znecistenia nepozname, je mozné, ze
eSte nedoslo k spominanej homogenizacii znedistenia.

2. Pri rieSeni inverznych tloh sa vel'mi ¢asto pouzivaju
zjednodusujice predpoklady. St to najmid okamzity,
resp. jednorazovy vnos znecCistenia, ¢o je v realite malo-
kedy splnené. VéacSinou ide o vnos zneCistenia vo
viacsich casovych usekoch, pricom intenzita (hmotnost-
ny tok) vnosu moze byt znacné premenliva.

Problémom je aj samotny vnos znecistenia do vodného
toku: teoreticky predpoklad je, Ze znecistenie sa dostane
do stredu toku, ale v realite nastava skor pripad, ze
znecistenie sa dostava do toku z jeho brehov.

Dalsim problémom patriacim do tejto skupiny je vyskyt
tzv. mftvych zon. Su to oblasti tokov, zvyCajne s malou
rychlostou prudenia, v ktorych nastdva docasné zach-
ytenie transportovanej latky. Mftve zény moézu byt
napr. vytvorené morfologickymi nepravidelnostami
koryta toku, oblastami s hustou vegetaciou, bo¢nymi
neprietoénymi ramenami toku apod. Takéto oblasti
deformuji symetriu krivky ¢asového priebehu koncen-
tracie sledovanej latky vtoku a vytvaraji charakteris-
ticky dlhy dobeh priebehu koncentracie v Case, tzv.
chvost. V principe miftve zony narasaju predpoklad
symetrickej disperzie (diftzie) latky v smere a proti
smeru toku vody.

Dalsim okruhom problémov st vplyvy, ktoré realne
prebichaji na vySetrovanom useku toku, napr. malé
bocné pritoky (napr. infiltracia), kolisanie pozad’ovej
koncentracie sledovanej latky, iné zdroje znecCistenia
a pod.

3. Nepravidelnosti v ¢asovom priebehu koncentracie
znecistenia, ktoré vznikaju nepravidelnostou vnosu
znecistenia do toku, sa so zvdcSujiicou vzdialenost'ou
zmens$uju, az napokon uplne zaniknd, takze vysledkom
je nakoniec ,,hladkd* krivka ¢asového priebehu koncen-
tracii. Pri dlh§om trvani vnosu latky do toku (havarij-
né¢ho tUniku) sa moéze vytvorit prakticky ,,plocha™
krivka, podobna ustalenému stavu, t.j. kontinudlnemu
vypustaniu. V takychto pripadoch je rieSenie prakticky
mozné iba analyzou vzostupnej Casti krivky (metody
zamerané na odhad ¢asu vnosu), ostatné metdédy maju
pri rieSeni takejto inverznej ulohy problémy. Preto sa
v literatire Casto stretavame s rieSeniami, kde autori
demonstrujit  priklady rieSenia inverznej ulohy na
relativne kratkych vzdialenostiach od miesta vnosu,
radovo v stovkach metrov.

Navrhovany koncept rieSenia pri lokalizdcii zdrojov
znecistenia

Projekt VEGA ¢. 1/0805/16 je zamerany na vyskum
moznosti praktického rieSenia inverznej tulohy, t.j.
lokalizacie zdroja znec€istenia. V d’alSom texte je opisa-
ny vSeobecny navrh postupu lokalizacie zdrojov zne€is-
tenia, ktory navrhujeme realizovat’ v rdmci prac na tejto
vyskumnej tlohe.

Nasou snahou je vyvinut’ podl'a moznosti ¢o najuniver-
zalnejSie rieSenie, t.j. v rieSeni zohl'adnit’ v maximalnej
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moznej miere nezname veli¢iny — okrem vzdialenosti
miesta vnosu aj maximalne moznu variabilitu ¢asového
priebehu vnosu znecistenia do toku.

Riesenie ulohy preto navrhujeme na zaklade vykonania
velkého mnozstva simulécii pre rdézne okrajové pod-
mienky ulohy (pre rdzne vzdialenosti zdroja od monito-
rovacieho profilu, pre rozne alternativy koncentracie
znecistenia a jeho Casovy priebeh). Vysledky simulécii
kazdej z tychto alternativ budu porovnavané s moni-
torovanymi udajmi. NajlepSiu zhodu s monitorovanymi
udajmi mézeme potom povazovat za pravdepodobné
rieSenie nasej ulohy.

V principe ide o vyuzitie metody ,,brute force, pricom
limitom takto pouzitej metody moze byt vypoctovy cas
potrebny na vykonanie znacného poctu potrebnych
simuldcii.

Preto povazujeme za potrebné zaroveni s vyvojom tejto
metddy rieSenia inverznej Glohy posudit’ metody opti-
malizacie navrhovaného vypoctového postupu, ktory by
v navrhovanom vypoctovom postupe zmensil potrebny
pocet simulacii, ¢im by sa zrychlilo celkové rieSenie
ulohy.

Pri definicii potrebnych veli¢in pre vypocty a simulacie
Sirenia sa znecistenia v riecke je potrebné uvazovat’ so
skuto¢nost'ou, ze zakladné hydraulické veli¢iny, charak-
terizujice prudenie vody v rieke, nie si ¢asovo kon-

doc. Ing. Marek Soka¢, PhD.
Stavebna fakulta STU Bratislava
Radlinského 11

810 05 Bratislava

E-mail: marek.sokac@stuba.sk

Ing. Yvetta Veliskova, PhD.
Ustav hydrologie SAV
Dubravska cesta 9

941 01 Bratislava

E-mail: veliskova@uh.savba.sk

Stantné, ale zavisia od aktualnej hydrologickej situacie
v toku. Preto je potrebné veliiny ako prietoc¢nu plochu,
rychlost’ vody, pripadne prietok vyjadrit’ ako zavislost’
na hibke vody. Tento princip je beZny v mernych
hydrologickych profiloch, hydrologicka sluzba zvycajne
ma k dispozicii takto vyhodnotené merania v pevnych
mernych monitorovacich profiloch.

Pri rieSeni inverznej ulohy predpokladame priestorova
diskretizaciu — rozdelenie vySetrovaného useku toku na
viacero sekcii, vktorych moézeme predpokladat’
konstantné hydraulické podmienky (rychlost, hibka,
prieto¢na plocha ...). Vysledny polutogram znecistenia
potom bude vysledkom postupnej transformacie
vstupného polutogramu na jednotlivych Cciastkovych
sekcidch vySetrovaného useku toku.

Rizikom navrhovaného postupu rieSenia inverznej tlohy
je citlivost metddy na rézne vplyvy, ako su napr.
hydraulické parametre toku, ako aj na presnost
matematického opisu procesu disperzie v redlnom
povrchovom toku, najmi na pritomnost mftvych zon,
singularit a pod. Vyplyva to z faktu, Ze rieSenie zadanej
inverznej Ulohy sa hladd na zaklade podobnosti
nameranych a modelovanych polutogramov, z ¢oho
jednoznacne vyplyva potreba dalSiecho vyskumu
a zlepSenia modelovania realnych procesov disperzie vo
vySetrovanom vodnom toku.
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