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Abstract

As a rule, the wastewater treatment system is not designed to filter substances formed, as a result
of beyond design basis accident. The nature of the beyond design basis accident is associated with the
shortterm appearance of a clot of these substances in wastewater, determined by the volume of the substance
storage tank. Therefore, a rational approach is to divert this portion of the formed substances into a separate
branch of the sewage system or sedimentation tanks. The aim of the work is to implement this approach
by creating a laser monitoring system for water pollution.

The article proposes a system for automatic detection of a clot of emergency discharge of pollutants
into the wastewater of an industrial enterprise. The structural diagram of the system and the purpose of its
main elements are given. The system should provide clot detection in real time. To ensure this function,
a preliminary study is made of the spectral characteristics of all substances that may appear in wastewater
in the event of an emergency.

Based on these data, the wavelengths of laser radiation in the system are selected. The obtained
measurement data from several probes are presented in the form of a lattice function, which is translated into
a relative description representing the order relationship matrix on the set of lattice function components.
The relative description is invariant to linear changes in the lattice function. The decision to detect any
substance from emergency discharges is made based on a comparison of the relative description of the
measurements with the standards prepared at the stage of system setup.

The article provides an example of the formation of standards for emergency clots from glycerin and
allyl alcohol. The graphs of the lattice functions obtained from the IR spectra of emergency discharges of
these substances are given; algorithms for constructing a lattice function and comparison of lattice functions.

Thus, using the developed mathematical description of the shape of digital signals based on the relative
description, the signal of the monitoring curve can be described in the form of a curve of the optical density
change of an aqueous medium.
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Cucrema JA3€PHOro MOHUTOPHMHI A 3anﬂ3HeHl/II7I
BOJHOM cpeabl ¢ IPUMEHCHHUEM OTHOCUTEJIbHOTO
onucanuda (l)OpMI)I CUI'HAJIOB
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Kak npaBuito, cuctemMa OYHCTKU CTOYHBIX BOJI HE pacCUMTaHa Ha (UIBTPAIINIO BENIECTB, 00pa30BaHHBIX
B pe3ysbTaTe 3alPOEKTHON aBapuM. XapakTep 3alPOCKTHON aBapuu CBSI3aH C KPATKOBPEMEHHBIM IOSBIIC-
HUEM CTYCTKa ITHX BEIIECTB B CTOYHBIX BOAAX, OIPEACISIEMBIH 00bEMOM EMKOCTU XpaHEeHHsI BemecTB. [1o-
3TOMY palMOHAIBHBIM TIOX0/I0M SIBIISIETCSI OTBE/ICHNE 3TOW MOPIMH 00pa30BaBIINXCS BEIIECTB B OT/AEIb-
HYIO BETBb CTOYHON CUCTEMBI MJIM OTCTOWHHKH. LeNTbi0 paboThI SBISUTACH peaTH3aIisl YKA3aHHOTO MOIX0/1a
IIyTEM CO3JIaHHSI CHCTEMBI JIA3EPHOIO0 MOHUTOPHUHIA 3arpsI3HEHUIA BOJJHOU Cpeapbl.

B crarbe mpeanaraercsi cucTeMa aBTOMAaTHUYECKOTO OOHApY)XKEHHs CIyCTKa aBapuilHOro cOpoca 3a-
IPSI3HSIOIIMX BEUIECTB B CTOYHBIE BOJbI MPOMBIIIJIEHHOTO Npeanpustus. IIpuBeneHa cTpykTypHas cxema
CUCTEMBl U Ha3HAYCHHWE OCHOBHBIX €€ AmeMeHTOB. CHucTemMa JIoKHA 00ecreunTh OOHAPYKEHHE CTYCTKOB
B peajbHOM Maciitabe BpemeHu. J1iist odecrieueHust 3Toi GyHKIMU TPEeBAPUTENBEHO TPOBOIUTCS UCCIIEIO0-
BAHME CIIEKTPAJIBHBIX XapAKTEPUCTHUK BCEX BEIIECTB, BO3SMOXKHBIX K ITOSIBJIEHUIO B CTOYHBIX BOJAX B CIIydae
AaBAPUIHON CUTyalUH.

Ha ocHoBaHuM 3THX JaHHBIX BBIOMPAIOTCS JJIMHBI BOJIH JIA3€PHOTO M3ITy4deHus B cucteme. [lomyden-
HBIC JIAHHBIC U3MEPEHHH OT HECKOJBKHMX 30HJIOB MPEJCTABISIIOTCS B BUIE peméTdaToll QyHKIMU, KOTOpast
[IEPEBOJIUTCSA B OTHOCUTEIILHOE ONMCAHUE, NPEACTABIISIFOLICE MATPUILYy OTHOLLIEHUS MOPSAKA HA MHOYKECTBE
COCTABIISIIONIMX peméryaroi GyHKnu. OTHOCUTENBHOE ONMCAHNE MHBAPUAHTHO K JIMHCHHBIM H3MEHEHHSIM
peméruaroit pyHkmu. Pemenne 06 00HapyKeHUHN Kakoro-ITudo BelecTBa U3 aBapUIHBIX COPOCOB MPUHU-
MaeTcsl HA OCHOBAaHUU CPABHEHUS! OTHOCUTEIBHOTO ONHUCAHUS U3MEPEHUM C 3TAIOHAMM, OJrOTOBICHHBIMU
Ha CTaJ1 HACTPOUKHU CUCTEMBI.

[MpuBenén npumep GOpMUPOBAHHS ITAJIOHOB JJIsi ABAPUIHBIX CTYCTKOB M3 TIUIIEPHHA M aJTHIOBOTO
cnupta. [IpuBenensl rpaguky peméryateix GyHKIUH, onydeHHbIX 3 K-criekTpoB aBapuiiHBIX cOPOCOB
3THX BEIIECTB; allTOPUTMBI ITOCTPOCHHUS PEIIETIATON (PYHKIIMH U CPABHEHHSI PEIIETYATHIX (PYHKITHA.

TaxumM 00pa3om, ¢ MOMOIIBI0 Pa3paboTaHHOTO MaTEMaTHYEeCKOro OnHCcaHus (GOpMbI TUPPOBBIX CUTHA-
JIOB HA OCHOBE OTHOCHTEJILHOTO ONMCAHMS MOYKET ObITh OMMCAH CUTHAJ KPUBOH MOHHUTOpPUHTA B BUJIE KpPU-
BOW U3MEHEHUSI ONTUYECKON IJIOTHOCTH BOJHOM Cpeibl.

KimoueBble cioBa: aBapHﬁHBIe C6pOCLI, CI'yCTOK, CIHCKTPOCKOIIH, HaBepHLIfI 30HJ, OTHOCHUTCJIBHOC
OIIMCaHHEC.
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Introduction

Wastewater monitoring of enterprises is carried
out by periodic sampling, processing and analysis of
samples in laboratories. To study the parameters of
wastewater, electrochemical, pyro-UV-fluorescence,
thermocatalytic, photometric methods and others are
used [1]. A characteristic feature of known research
is the inability to conduct research in real time.

In the case of spectral analysis methods,
research is usually carried out by sequentially scan-
ning the sample with optical radiation with different
wavelengths, which does not allow for real-time

Various types of analytical equipment and
complexes for physicochemical measurements are
known, adapted to specific working conditions at
chemical and petrochemical enterprises, pipeline
systems, as well as in the metallurgical and
processing industries. Among them are complexes
for continuous monitoring of process safety and
environmental monitoring. The main requirements
for such complexes:

— automatic sampling;

— fast automatic analysis;

— automated or automatic control.

Known automated viscometers, densitometers,
refractometers, photometers, laser analyzers of the
parameters of the aquatic environment [2]. Examples
of such analyzers are IR analyzers in the wavelength
range up to 4000 nm, for example, a PIONIR 1024
spectrophotometer from AI7T, M412 from Guided
Wave, MATRIX-F from BRUKER [2] and others.

Laboratory instruments for sample analysis have
several disadvantages:

— lack of measurement continuity;

—time delay associated with sample delivery,
measurement and data processing;

— the possibility of losing the properties of the
investigated material in the samples;

— the inability to automate the full monitoring
cycle.

Although the known devices and complexes
have high accuracy and the ability to measure many
parameters of aqueous media, such as equipment
of the German company Hach [3], they do not
allow real-time detection of emergency discharge
of pollutants and prevent its entry into the system
sewage enterprise.

Optical spectroscopy eliminates the above
disadvantages, which makes it possible to create
complexes of continuous measurement in real
time and to automate monitoring of environmental

studies. The aim of the work was to implement this
approach by creating a laser monitoring system for
water pollution.

The basic principles of the system

As a rule, the wastewater treatment system is
not designed to filter substances formed as a result
of beyond design basis accident [4—7]. The nature
of the beyond design basis accident is associated
with the shortterm appearance of a clot of these
substances in wastewater, determined by the volume
of the storage capacity of the substances. Therefore,
a rational approach is to divert this portion of the
formed substances into a separate branch of the
sewage system or sedimentation tanks.

To implement this approach, at the first stage,
it is necessary to determine the type of substance
from the list of all substances stored at the enterprise
in order to divert the clot to another selected branch
of the sewage pipe in real time.

To ensure clot detection in real time, it is
proposed to use a system for laser monitoring
of water pollution based on parallel optoelectronic
spectroscopy with many laser probes [8—13].

For this, a preliminary study of the spectral
characteristics of all substances stored in the factory
is carried out. Separate points on the spectral curves
(for example, extrema) are selected from the obtained
absorption or transmission spectra. Of these, several
points (at least two or three points) for each of the
substances are distinguished. The obtained values
of the absorption wavelengths for all substances are
taken as Wastewater sensing scale to determine the
type of substance. Moreover, each substance has its
own portrait of the emission spectrum at all sensing
wavelengths. The obtained portraits of the spectra
are the standards for determining the substance.

The portrait of a substance can be represented
in the form of the lattice function LF; {L,, L,, ... Ln},
where Ln is the value of the spectrum at a wavelength
n from a set of probe laser radiation. We get £ lattice
functions, where i = 1, k is the number of standards.

The wavelengths of individual laser probes will
be finally determined on the basis of the available
wavelengths of laser diodes or lasers existing for
a given period. Therefore, it is necessary to refine
the portrait of the substance and present it in the form
of a lattice function of the LF.

One of the problems of real-time diagnostics
of a substance is a significant spread of the spec-
trometry values due to an unknown concentration
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of the substance in the clot and deviations in the
radiation wavelength associated with the choice of a
specific laser probe.

However, the relation between the main
components of the portraits of the spectrum of a sub-
stance is invariant to linear changes.

Figure 1 shows a diagram of a diagnostic system
for the emergency discharge of substances in the
enterprise’s wastewater treatment system.

The device registers a change in the optical
density of wastewater in a selected range of radia-
tion wavelengths. The spectrometry data processing
system forms a lattice function, which is con-
tinuously compared with the standards.

When an emergency discharge of a certain
type is detected, a control signal is received for the
valves, which change the direction of movement of
the wastewater in the wastewater system, directing
the emergency discharge to a special filter or sump.

1 4

6 6
AR
Dy| |p2

PR S =
étﬁ |

[+ 2]

Figure 1 — Diagram of the system for diagnostics of
emergency discharge of substances in the wastewater
treatment system of an enterprise: 1 — wastewater;
2 — channel for the movement of wastewater; 3 — branch;
4 — general filter; 5 —an additional filter installed in the
branch; 6 — laser probes D, D,, D5, ..., D, with emission
wavelength {1, 2, 3, ..., n}; 7 — a diagram of recording and
processing spectrum components; 8 —block standards;
9 — flaps control diagram

In order to provide real-time diagnostics of the
emergency discharge portrait, the lattice function
is transformed using a relative description into a
homomorphic etalon of the relationship matrix
in the form of two diagonals (main and adjacent
diagonals) [14, 15].

!
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where R/, R/ are the current values of the
relative description, which are equal in the number
of components to the standards and which change
their components over time. If the current descriptions
of R, R'" coincide with the standards R' and R,
a decision is made about the presence of a clump
of emergency discharge in the sewer.

An example of setting the basic system
parameters

Consider an example. Let there be two clots: one
clot of glycerol, the other — allyl alcohol. Considering
the IR spectra of these substances (Figures 2, 3), the
following characteristic points can be distinguished.
For glycerin, this is 800 nm, 1000 nm, 1500 nm,
3500 nm. For allyl alcohol, we select the same
points — 800 nm, 1000 nm, 1500 nm, 3500 nm. In
this case, the lattice functions for these substances will
differ (Figure 4). The main diagonals of the relationship
matrix in the form of depicting numbers will also differ.

800 1000 1400 1600 3000 3600 vem™
\/\‘”\J CHyCH-CH,
OH OH OH
800 1000 1500 3500

Figure 2 — IR spectrum of glycerin

800 1000 1400 1600 3000 3600 v,em™!
K i
o
(-
CH,=CH-CH,-OH
8 1000 1500 3500

Figure 3 — IR spectrum of allyl alcohol

!

b

Figure 4 — Graphs of lattice functions of glycerin (@) and allyl alcohol () and their main diagonals of matrixes of the relations
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In this example, four probes are used at selected
wavelengths. The wavelengths for each substance
may vary. In this case, we get the maximum number
of probes at four identification points, namely,
4 probes. When choosing laser diodes with a power
of 100-300 mW, we select the wave-lengths: 792 nm,
905 nm, 1550 nm and 3500 nm.

Algorithm for constructing the lattice
function of the measured spectrum

An algorithm for constructing a lattice function
is developed. The scheme of the algorithm is shown
in Figure 5 [16].

‘ Choice of regulations

-

measured
parameters
ofoptical density

Storet
parameters
optical
Y, density ;

for parameters

Buildingrelationship matrix

Database
standards

Building relationship matrix
for everyonestandard

matrix elements

Finding the sum difference amouni

standards and measurementsQ «

The choice @min

Error calculation

standard

deviations of measurements from

Class definition

parameter by reference

Database
measurements

checked ?

Alldata
no

End of algorithm

Figure 5 — Scheme of work of an algorithm

Input data: a database for storing information
about measurements of the optical density of the
water environment containing emergency discharges
(clots), their parameters and standards.

Output data: 1t is necessary to determine the
class of the curve for each measured trend of optical
density.

Calculation algorithm: measurement regulations
is selected from a variety of Reg. Values are entered
for all parameters of the optical density of this

All parameters for
of this regulation

forother measurement
regulations checked?

no

regulation (values for the selected wave-lengths of
the probes).

There will be 2 ways to enter data in the system:

a) data input manually;

b) loading measurements automatically from
the generated file.

1. A relationship matrix is constructed by
measured  values|| p;/ || for one measurement nxn,
where 7 is the number of optical density parameters,
according, to the rule:
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0,X,RX,

{HX,-RX_»’
where P is the element of the relationship matrix;
X;, X; — elements of the set M (the set of values of
the parameters of optical density); R, "R — the
ratio between the elements of the set (R = "more",
—R ="not more").

Relationship matrix ||P;|| presented as follows:

i

i=l..n=1,i{j{(n,

X]RIIXI XIRIZXZ XIRI/IXM P]l PIZ Pln
_ [R] _ XZRIIXI XZRZZXZ XZRZHXH _ PZI P’ZZ PZn
il - -
Xn RHIXI Xn RnZXZ Xn an Xn Pnl PnZ Run

2. A relationship matrix is constructed for each
standard|| Ef || for a given parameter according

to the selected regulation.

3. The sum of the differences of the elements
of the diagonals of the two matrices — the measured
and the standard:

O, Zz[j‘p; - P

wherel| p;| is the element of the relationship matrix

p

i

s k=1..z

2

of measured Values;||P,f|\ — an eclement of the

relationship matrix of the standard; z is the number
of standards for the k-th parameter.

Choose QO =min (Q,) for the most accurate
definition of the standard.

4. The error of measurement deviation from the
standard is calculated. The deviation error for each
parameter is found:

100%- x;*

B
X

Al =100% —

b

where A/ is the error of deviation of the measured
value from the standard in /-parameter; x,"— value
of the measured /-parameter; xl[5 — the value of the
standard /-parameter.

The average deviation error is determined for all
parameters:

] Al
s

Selected A =min(A,) for the most accurate
definition of the standard.

So, the standard is selected by comparing the rela-
tionshmatrices and determining the deviation error.

5. The actions of p. 3 — p. 6 are performed for
each parameter according to the selected regulation.
The calculated values are written to the database.

6. At the output of the algorithm, we obtain the
class of standards of the optical density parameter
with a known value that most closely matches
the measurement parameters. The calculated values
are written to the database in the following form:
<Date, Regulation, Parameter, Type of emergency>.

As a result of the classification, each measured
parameter, with the selected procedure, is brought
into correspondence with the standard value of the
optical density parameter for this type of accident.

If the relationship matrices of different orders
or the function in question is periodic, or the
origin of its values is shifted, then in this case it is
necessary to provide for the possibility of trans-
forming the relationship matrices corresponding to
the rearrangement of the first elements of the lattice
function at the end. The description of the comparison
function of two matrices during the implementation
of the algorithm (Figure 6) can be constructed as
follows. Pointers to the relation-ship matrices are fed
to the input, the matrix with the highest dimension
is selected from them. At the output of the function,
the ratio of the maximum number of matches to
the number of elements of the smaller relationship
matric is obtained. The considered algorithm is
implemented program-matically [17].

( The beginning of the algorithm

D

Creating relationship matrices from lattice functions

Matrix selection with maximum and minimum dimension
r Nfori=1, ..., n, where n—is the dimension of the larger matrix W

[
Compare all matrix elements by placing the smaller in place (i, ) in the

larger
N B

1
’/ Mfori=1,. . m, where m —is the dimension of the smaller matrix \‘

|
The transformation corresponding to the shift lattice function

I

Comparison of relationship matrices ‘

M
I

Choosing the maximum comparison result

I
End of algorithm

C D

Figure 6 — General algorithm for comparing lattice

functions
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Thus, using the developed mathematical
description of the shape of digital signals based on
the relative description, the signal of the monitoring
curve can be described in the form of a curve of the
optical density of an aqueous medium.

Conclusion

The considered approach to constructing a
system for detecting emergency discharges into the
wastewater of an industrial enterprise is applicable in
various branches of the engineering, processing and
chemical industries. Application of the considered
system allows reducing the likeli-hood of pollution
of water bodies in the event of an emergency at the
production.

To ensure the detection of emergency
discharges in real time, it is proposed to use parallel
spectroscopy of substances by several laser probes.
In each particular case, the wavelengths of the laser
probes will be different. For this, a preliminary
study of the spectra of substances for choosing
wavelengths for the detection of emergency
discharges is proposed.

To ensure the invariance of the description of
the spectra of substances, it is proposed to use a
relative description representing the elements of
the relationship matrices of the components of the
measured points of the spectrum of substances that
are invariant to linear changes in the amplitudes of
the components of the spectrum, depending on the
concentration of the detected substances in the clots
of emergency discharges.

A relative description in the form of relationship
matrices, in contrast to an analytical description, is
a qualitative description and allows you to describe
the shape of the measuring signal with an error
determined by the completeness of the elements
of the relationship matric. The use of depicting
numbers to describe the relationship matrix allows
binary logic to be used for presentation in computer
systems.
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