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THE METHOD OF POTENTIALLY DANGEROUS OBJECTS DETERMINATION,
INVOLVED INTO POLLUTANTS EMISSION INTO RIVER BED

Abstract. This article describes a method of determination potentially dangerous objects, that
could be involved in pollution based on the specified riverbed monitoring point.

A way to solve the problem is considered through the filtration and sorting potentially
dangerous objects list algorithm, which applies facts database, that allows to determine a possible
rived bed potentially dangerous objects list.

There are a number on software models and methods, which allows to determine an
approximate or exact rived pollutant spill point in case of determining dangerous and/or rising
pollutant concentration level from below downstream. Such methods work by forecasting the
situation, or direct analysis of the natural environment. These methods make it possible to find the
point of toxic substances spillage on the riverbed. However, it is not possible to find the
enterprise/factory that made such an emission. Such problem mostly solved using analytical way.

A method, which allows to determine a possible list of riverbed pollution potentially dangerous
objects has been developed.

Current development validation is a series of test checks and simulations that show the
correctness of the neural network.

A practical realization is implementation of the river pollution forecasting system in emergency
situations informational system, to make a functionality, that determines a possible polluting object
list based on the selected point of release of hazardous substances. Method can also be used with
methods that allow to determine an approximate or exact rived pollutant spill point to find the
enterprise/factory that made such an emission.

Key words: water quality assessment, potentially dangerous object, mathematical modeling,
filtration algorithm.
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METOJINKA BU3HAYEHHS TOTEHIIMHO HEBE3NEYHUX OB’€KTIB,
IMPUYACHUX 10 BUKHUAIB 3ABPY/IHIOIOYNX PEYOBHH B PYCJIO PITYKH

Anomauia. Y Oawiii cmammi ONUCAHO MeMOOUKY BUSHAYUEHHS NOMEHYIUHO HebOe3neuHux
00°€Kmig, AKI MOXHCYMb OYMu npudemHUMU 00 3a0PYOHEeHHs HA OCHOBI BKA3AHO20 PYCI08020 NYHKNY
MOHIMOPUH2Y.

Pozensioaemvca winax eupiuienns npobiemu 3a 00NOMO20i0 aneopummy Gitempayii ma
COpMYBAHHs CNUCKY NOMEHYIUHO Hebe3neyHux ob’e€kmis, AKull euxopucmosye 6aszy ¢axmie, wo
0036071€ BUBHAYUMU MONCIUBULL NEPEIK NOMEHYIUHO Hebe3neuHux 00 €Kmie po3pueHo2o pycid.

Icnye pso npoepamuux mooeneti i Memodis, AKi 00360510Mb BUSHAYUMU NPUOTUIHY AOO MOYHY
MOYUKY PO3IUBY 3AOPYOHIOIOUUX PEYOBUH ) PA3l BUHAYUEHHS Hebe3neuH020 ma/ado nio8UweHH sl PiGHs.
KOHYenmpayii 3a0pyOHIOIOYUX pedosuH 3Hu3y 3a meuicio. Taki memoou npayoiome WisXoM
NPOCHO3YBAHHS cumyayii abo 06e3nocepeOHbo20 aHaNizy NpupooHozo cepeodosuwa. Lli memoou
003601A10Mb  GUAGUMU MICYs PO3IUBY OMPYUHUX peyosuH Ha pyciai piuku. Ilpome 3natimu
nIONPUEMCMB0/3a800, AKUL 30ILUCHUE MAaKull 8uKuod, Hemodciuso. Taka npobrema 30e0inbuio02o
BUPIULYEMbCA AHAIMUYHUM WITAXOM.

Pospobneno memoouxy, saAxa 0036018€ BUBHAYUMU MOJICIUBULL NePeliK  NOMEHYIUHO
Hebe3neuHux 00'ekmis 3a0pyOHeH s PyCla PIYOK.
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Banioayis nomounoi po3pobku — ye cepisi mecmosux nepesipox i cumyaayiu, AKi noKazyomas
KOPEeKMHICMb HEeUPOHHOI Mepedici.

Ilpakmuunor peanizayicro € 6npoeaddceHHs IHPOPpMaAyYitiHOI cucmemu NpPOSHO3VBAHHS
3a06pYOHEHHs PIYOK Y HAO36UYAUIHUX CUMYAYIAX 0N CMBOPEHHA (DYHKYIOHANIbHOCMI, WO BU3HAYAE
nepeniK MOoJNCIUBUX 3aOPYOHIOIOYUX 00’ €KMi6 HA OCHO8I 00paAHOi MOUKU BUKUOY Hebe3neuHUx
peyosun. Memoo makoxic MONCHA BUKOPUCOBYBAMU 3 MemoOaMu, AKi 003601A10Mb GUIHAYUMU
npubausHy — abo  MOYHYy — MOYKY  pPO3IUBY  3a0PYOHIOYUX  PeyoBuH,  wob  3Haumu
nionpueMcmeo/pabpuxy, aKa 30iUCHULA MAKUL 6UKUO.

Kniouosi cnosa: oyinka sikocmi 600u, nomenyiuno Hebe3neunuil 00’€km, mamemamuyme
MOOeN0B8anHts, aneopumm pirompayii.

1. Introduction

A pollution source determining problem may arise cause of the dangerous level of
concentration determining in the riverbed, which can cause an emergency. There are a number on
software models and methods, which allows to determine an approximate or exact rived pollutant
spill point in case of determining dangerous and/or rising pollutant concentration level from below
downstream. Such methods work by forecasting the situation, or direct analysis of the natural
environment. These methods make it possible to find the point of toxic substances spillage on the
riverbed. However, it is not possible to find the enterprise/factory that made such an emission.

Such problem mostly solved using analytical way. This article describes the analytical
method, which designed to help solve the problem.

2. Review

Methods, which allow to determine approximate, or exact pollution riverbed spill point are:

o modeling using such application as MONERIS, with preliminary data acquisition of
chemical analysis;

o some river quality monitoring system that performs chemical analysis of the
composition of the river's substances;

o conducting a few chemicals analyzes at some points upstream.

Biological methods are used, for river state determination, based on assessment basin flora
and fauna state[1][2].

When conducting chemical analysis, an important indicator for making forecasts is the
hydrochemical regime of river waters. Such a regime includes such a complex of factors as flow
dynamics, climatic and natural conditions, intensity of economic activity, etc.

When using physical and chemical methods of prediction, it is important to determine such
characteristics, as temperature, water transparency, substances concentration, ionic composition,
mineralization, biogenic components content, organic substances, dissolved oxygen in water, various
toxic substances, pH, etc [3]. Such complex of factors requires a riverbed and an adjacent natural and
man-made ecosystem detailed analysis.

Thus, a process of determining the pollution emission point is complex enough. An equally
important part is a possible factory determination, that could perform an emission, because a
communication with a subject can give more data, when planning on emergency consequences
liquidation. A definition of the emission subject requires a complex analysis of legal and technogenic
factors. Such parts of analysis are information about chemical compounds (or a few chemical
compounds), which were emitted, an availability of potentially dangerous objects near emission point
and possibility of such an object making an emission. A list of such objects is a potentially dangerous
objects registry [4], means object, which deals with substances (or compounds), which may represent
a real thread in case of emergency.

A decision may be analysis of some factory possibility to become a pollutant when emergency
happens, basing on several factors.
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Considering the possible size of potentially dangerous objects list, or an analytical operations
complexity, a necessity of method development, which allow to determine a list of most probable
factories is relevant.

This method is considered, as analytical method, that may be interesting to environmental
inspections, meteorological services, and other interested parties, as simplifying analytical
calculations mechanism. It is designed to solve a very narrowly focused problem, when used with a
narrowly focused method of forecasting a water pollution effect in emergencies. Similar methods that
could solve certain problem with given restrictions were not found.

3. Objective

Most possible pollutant may be a factory, that is registered in potentially dangerous objects
list. This factory can be located close to a pollution point or can have some relation. Also, this factory
should deal with substances, that were spilled into riverbed. Certain point pollution frequency factor
can play a secondary role.

A real set of factors, that can influence on pollution source determination may be different
between locations. To solve the problem a method, based on a facts database, that is processed by
some filtration algorithms have to be developed.

4. Research method

As previously mentioned, this method should contains of 2 parts: a facts database, that consists
of necessary entities, and a filtration method, that process this database.

Database

Considering objective purposes and restrictions, such entities can be distinguished:

e potentially dangerous object;
e monitoring point;

e substance;

e emergency;

A factor, that describes an association between potentially dangerous and monitoring point is
relation between these entities. Also, a fact of potentially dangerous object to be worked with certain
substance describes by according relation. Finally, a factor of object became certain point pollution
reason is relation between emergency and potentially dangerous object. Thus, such relations are being
formed:

- potentially dangerous object — monitoring point relation;

- potentially dangerous object — substance relation;

- emergency — substance relation.

Described relations scheme is shown at fig. 1.

Potentially dangerous
object

Y

Monitoring point Substance Emergency

Fig. 1 Database relations scheme

Filtration and sorting algorithm
Current algorithm consists of the next steps:
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1. potentially dangerous objects identification, linked by the fact with selected
monitoring point;

2. a resulted list filtration, based on relation between objects list and dangerous
substance;

3. a resulted list sorting by the sum of emergencies, that were caused by certain object;

A block-scheme of an algorithm is shown at fig. 2.

Object identification
acquiring

v

Monitoring point
identificator acquiring

v

QObjects list with
required relation
acuiring

v

List filtration by
monitoring point
identificator

v

List filtration by
substance
identificator

v

Emergencies list by
selected facts
acquiring and

grouping

v

Records list counting

v

Sorting list by
descending records
sum order

v

/Retum filtered and sorted Iist/

Fig. 2. A potentially dangerous objects list filtration algorithm block-scheme

Thus, a result is most probable potentially dangerous objects list, that are sorted by the count
of rived bed pollutions in descending order.
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Method validation
An algorithm validation is represented, as testing algorithm and performing some simulations
with use of test database. The indicator of correctness is a comparison of expected results with derived
ones. Algorithm test case series is shown at table 1.

Method validation test checks

Table 1.

Description

Expected result

Find possible potentially dangerous objects to a certain
monitoring point and substance, that don’t have a relation
with potentially dangerous object and substance.

A list is empty.

Find possible potentially dangerous objects to a certain
monitoring point and substance, that don’t have a relation
with potentially dangerous object.

A list is empty.

Find possible potentially dangerous objects to certain
monitoring point, that don’t have a relation with substance.

A list is empty.

Find possible potentially dangerous objects to a certain
monitoring point, that don’t have a relation with
potentially dangerous object and substance.

A certain potentially
dangerous objects list
returned

Find possible potentially dangerous objects to a certain
monitoring point, that have a few relations with potentially
dangerous object and substance.

A potentially dangerous
objects list returned

Find possible potentially dangerous objects to a certain
monitoring point, that have a few relations with potentially
dangerous object and substance. There are also several
emergencies caused by potentially dangerous objects.

A potentially dangerous
objects list is returned,
keeping the order sorted
by pollution frequency in
descending order

Described list covers most cases, that could be performed with method.
Some test database, consists of nominal data should be created to perform a simulations. Such
points have the next view:

- Monitoring points:
o PointA
o PointB
o PointC
o PointD
- Potentially dangerous objects:
o Object1
o Object 2
o Object 3
o Object4
o Object5
o Object 6
o Object7
o Object8
Substances:
o Substance 1
o Substance 2
o Substance 3
o Substance 4
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Substance 5
Substance 6
Substance 7

o Substance 8
Data relation is shown at table 2.

o O O

Table 2.
Test database relations
Monitoring point Potentially dangerous objects | Substance
Point A Object 1 Substance 1
Substance 2
Object 2 Substance 2
Point B Object 3 Substance 3
Substance 4
Object 4 Substance 4
Substance 5
Object 5 Substance 5
Point C Object 6 Substance 6
Object 7 Substance 7
Point D Object 8 Substance 8
Simulation cases are shown at table 3.
Table 3.
Simulations expected results
Input Result
Point Substance Possible expected objects
Point A - -
Point B Substance 2 -
Point B Substance 3 Object 3

Point C Substance 1 -
Point D Substance 7 -
Point A Substance 2 Object 1, Object 2

Acquired from algorithm testing results, which block diagram shown in Fig. 2 should be
compared to the expected result. In case of coincidence an algorithm can be considered as validated.
As can be seen, the calculated and expected results should be equal.

The sorting algorithm does not require validation, cause uses already existing valid sorting
algorithms.

5. Conclusions

A method, which allows to determine a possible list of riverbed pollution potentially
dangerous objects has been developed.

Current development validation is a test checks series and simulations, that shows the
correctness of neural network.

A practical realization is implementation to the river pollution forecasting system in
emergency situations informational system, to make a functionality, that determines a possible
polluting object list based on the selected point of hazardous substances release. Method can also be
used with methods, that allows to determine an approximate or exact rived pollutant spill point to find
the enterprise/factory that made such an emission.
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