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ANALYSIS AND IDENTIFICATION OF RISKS IN THE
NORMAL WORK OF THERMAL POWER SYSTEMS

1L.B. Vpaonuixosa, B.I'. JIebeoes, B.M. 3aniamuncekuii. AHaJI3 i BA3HAYeHHS PU3UKIB MPH IITATHINH po-
00Ti TemoeHepreTHYHUX cucTeM. [IpencTaBieHO aHaNi3 1 BU3HAYCHHS PU3HKIB, O BUHUKAIOTH B CHCTEMaxX
BOJOOYHIIEHHS TEIUIOCHEPTETUIHUX O0'€KTiB IpH IITaTHIKA poOOTi OIOKIB MUX cHCTeM. BCTaHOBIIEHO, IO MpH
pobori cucrem BomoountierHss TEC i TEL] BuHHKarOTh pi3HOMaHITHI TEXHOTEHHI PU3UKH, SKi IOTiPIIYIOTh CTaH
€KOJIOTIYHO1 Oe3meKu MoBKiLI. [IprauHaMy X pU3UKIB € BiIMOBA OJIOKIB 1 €JIEMEHTIB CHCTEM BOJAOOYHIICHHS,
YaCTKOBI BiZIMOBH 1 HemITaTHa poOOTa CUCTEM BOAOOUHMIICHHSI 1 PU3UKU TPU IITATHIA poOOTI cHCTEM BOJIOOYH-
IICHHS, K HACHIIOK (i3UKO-XIMIYHUX MPUHIHMIIB, HA SKUX BOHHU MPAaLO0Th. PO3paxyHKu i aHaJi3 MOKa3yIOTh,
[0 OipIla YacTHHA CHCTEM BOJOOYHIICHHS MOXKE peali3oByBaTH pH3HKH itMoBipHOCTI 0,03 3 wacom Hamgxo-
JOKSHHS] HEOUHIIIEHOT BOIM Ha BUXiJ cuctemu 2,5...3 % Bix yacy ekcrutyarariii.

Knouosi croea: pu3uku, CHCTEMHU BOJOOUHIIICHHS, TEINIOCHEPTETHKA.

U.B. Ypsaonuxosa, B.I'. Jlebedes, B.M. 3anramunckuii. AHAJIH3 W onpeneleHAe PUCKOB MPH IITATHOM
padoTe Temyo3HepreTHyecKux cucreM. [IpeacraBineHbl aHAIN3 U ONpeeNICHHE PUCKOB, BO3HUKAIOIINX B CHC-
TEeMax BOJIOOYUCTKHU TEIUIOIHEPTETHIECKUX OOBEKTOB IPH ITATHOW paboTe OJIOKOB 3THX CHCTEM. Y CTAaHOBIICHO,
yTo mpu pabote cucrteM BomoouncTkd TOC m TOLl BO3HHKAIOT pa3iMyHBIE TEXHOTCHHBIE PHUCKH, KOTOpEIC
YXYALIAIOT COCTOSIHUE IKOJIOTMYECKON 0e301acHOCTH OKpYXKaIoIei cpeapl. [IpyarHaMu STHX PHCKOB SBIISETCS
OTKa3 OJIOKOB U JIEMEHTOB CHCTEM BOJOOYMCTKH, YaCTUYHBIC OTKA3bl M HEIITAaTHAs paboTa CHCTEM BOIOOYHMCT-
K{ ¥ PHUCKH IIPU IITATHOH paboTe CHCTEM BOJOOYMCTKH, KaK CIEACTBUE (DU3MKO-XUMHYECKHX NPUHLMIIOB, HA
KOTOPBIX OHU paboTatoT. PacueTsl n aHanM3 MOKa3bIBAIOT, YTO OOJIBLIAS YACTh CHCTEM BOJOOYHCTKH MOXET pea-
JIM30BBIBaTh PUCKU BeposATHOCTHIO 0,03 co BpeMeHeM IOCTYIUICHHS HEOYHMIIEHHOW BOIBI Ha BBIXOA CHUCTEMBI
2,5...3 % oT BpeMeHH IKCILTyaTaIiH.

Kniouegvie cnosa: pucku, CUCTEMbI BOJIOOYUCTKH, TEIJIODHEPI€THKA.

LV. Uryadnikova, V.G. Lebedev, V.M. Zaplatynskyi. Analysis and identification of risks in the
normal work of thermal power systems. The analysis and identification of risks arising in water treatment
systems of power facilities at normal work of blocks of this presented of systems. It is found that when using
water purification systems of thermal power plant the variety of man-made risks degrade ecological safety of
environment. The reasons for these risks we faults of refusing units and elements of water purification systems,
partial failure and abnormal operation of water purification systems and risks in normal work of water purifica-
tion systems as a result of physical - chemical principles on which they work. Calculations and analysis show
that most of the water treatment systems can implement risk probability of 0,03 with untreated water entry to the
system outlet of 2,5...3 % of the operating time.

Keywords: water purification systems, heat and power engineering.

Introduction. Currently, the failures of the system of natural water purification are served by prob-
abilistic calculation. However, we must examine the risks arising during the normal work of purification
system through natural inaccuracy of the blocks and the inertia of the processes occurring in them.

The quality of treated water coming from the water treatment system, characterized by the con-
tent of her suspended and dissolved impurities is normalized by relevant standards. Since exactly spe-
cified characteristics can not endure, they are normalized respective limits, i.e, the largest or smallest
permissible value of concentrations, and lower concentrations may be ideally zero. We can say that the
water quality is normalized by asymmetric tolerance.
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The errors that occur when using blocks of water purification systems. If all units of water
treatment system work with some errors, they are summarized and provide the resulting amount of
suspended and dissolved impurities. In this way, errors of all the blocks are transferred to the resulting
value. Mathematically it can be expressed as [1]

6res :iserr > (1)
1

where 6, — the resulting fluctuations in concentration and 6,, — error that occurs at work of the n-

th block of purification system.

In this case there is a problem of the determination of the permissible error of the constituent
units of water treatment system, based on the set of the resulting fluctuations in value.

Assuming that all units operate with the same error, the permissible value of the error of each
block will be

S,
8black =—. )
n

Given this circumstance, it is necessary in each case to determine whether individual units pro-
viding the necessary degree of purification are technically realistic.

If we consider the system “clean boiler water”, consisting of 6 units, then according to expres-
sion (2) the accuracy of maintaining water parameters, ensured by each unit must be

87’65
8black 6 : (3)

If the output level of purification must be 0...10 mg / 1, the quality of water that must be provided
by each unit should be no more than 10/6 = 1,66 mg/1, which is difficult to obtain technically and eco-
nomically costly.

All of the above said understanding just when to think that all the blocks of this system of water treat-
ment will maintain the maximum allowable concentration value or the minimum value of concentration.

In practice, a combination of concentrations provided by blocks of the system, almost never hap-
pens in the largest or the lowest value. It gives the right to apply the law of probabilistic summation of
concentrations, taking into account some acceptable risk. In this case, the expression (1) can be trans-
formed according to [1], in the expression

’m—l
6system =t 27\’2612 s (4)
1

where Ogysem — error in the system, 6; — error of i-th block of the system, t — hazard ratio, A — rela-
tive standard deviation, which characterizes the law of dispersion error of the i-th block. If conditional-
ly put that error blocks of the same, then the expression (4) will be

8.&‘y,vtem =t \/ n)\‘zglz 4 (5)

5 Do »
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Thus, given the probability of error maintain concentration intermediate blocks of the system and en-
tering a valid risk factor can significantly reduce the accuracy of maintaining the concentration of each in-
dividual unit with virtually no violations precision maintain concentration throughout the whole system.

When failures of different blocks of purification systems, as well as their freelance work there are
significant risks of a different nature, probability and magnitude of which is determined before.

However, this question of different risks is not exhaustive. An analysis of this issue shows, the
risks may arise at normal work of purification system. This is due to the natural inertia of workflows,
blocks of water treatment, with the change of input parameters of water entering the treatment, with a
range of reagents and activity of some other reasons.

whence
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Analysis of environmental risks in the use of technology coagulation reagent and electro-
coagulation. Review and analysis of the circumstances is only possible if the work processes that oc-
cur in the work of purification are regarded as a single system-level workflow, and this system can be
either closed or open. Thus, managers need to consider not blocks of systems but their workflows.

This provides an opportunity to explore various technologies of purification and identify risks
arising from their use.

Technology of reagent coagulation is widely used in power systems for cleaning rough and fine
colloidal systems, and the size of dispersed particles varies quite widely from 10° to 10 m [2...4].

Purification of such water requires separation of liquid and solid phase by reagent technology, the
method of consolidation of small particles in the aggregates under coagulants, flocculants, and mix-
tures thereof.

Low molecular inorganic or organic electrolytes that promote aggregation of particles are called
coagulators. Salt, hydrolyzed and instituting the above electrolytes are called coagulants. Thous in
most cases are sulfates, halides multivalent cations, mainly Al, (SO4) 5 and FeSO,. Flocculants are or-
ganic and inorganic macromolecular compounds that contribute to the formation of aggregates by
combining multiple particles using macromolecules adsorbed or chemically bound polymer and inten-
sify the process formation of flakes. As flocculant polyacrylamide (PAA)is used.

In this way, the essence of technology of purification by method of coagulation reagent colloidal-
ly dispersed systems is to reduce the stability of dispersed systems by aggregation of particles of the
dispersed phase under the action of coagulants and flocculants followed by separation of solid and lig-
uid phases by water upholding, filter, and by several other methods.

Note that dispersed systems are divided into lyophilic and lyophobic systems.

The former are characterized by strong intermolecular interaction of particles of the dispersed
phase with the environment (water) and high thermodynamic stability of the system.

The latter are characterized by a large binding energy within the dispersed phase, well above the
energy of interaction with the environment. For these systems distinguish sedimentation resistance to
the forces of gravity and aggregate stability that characterizes the resistance of particles sticking.

Workflows of technology of coagulation reagent can be represented by the following links [2, 3].

L S =g =L
L2 =3 =4 —5]—¢

Fig.1. Chain of workflow reagent coagulation: 1 — coagulant dosage,; 2 — growth activity of coagulant in water
that is purified; 3 — process of coagulation; 4 — deposition process of cereal that have coagulated; 5 — filtra-
tion purified solution, 6 — change the water concentration in the waters

1 — fuse casing. Valve opens and after a while comes a coagulant in water that is purified. In
terms of dynamic properties dispenser represents a delayed link, the output value of which exactly rep-
licates the input value, but with some delay in time. The time delay depends on the structure and mode
of dosing. Thus equation dispenser can be explained as an expression [5...10]:

My (0)=m, (1 =1), (7
where m,,, and m;, — are respectively output and input weight coagulant, T — time lag.

The transfer function of this link, which is the initial value to the input, as represented in operator
form is

Wpy=e", 8)
where p — a complex variable used in Laplace transform.

In this way, we can say that the process of coagulation reagent starts with some delay.

2 — The process of increasing coagulant activity. As shown in [2...4], 100 % coagulant activity
does not occur immediately, but after some time.

The equation of this process is:

A
TRy

. 9
d[ m ( )
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where 7' — time constant of the process, A — coagulant activity (0...1), k — factor of proportionality
or gain level.
The transfer function is equal to
k
Tp+1
In this way the process of increasing coagulant activity comply with the law changes the output

value of aperiodic link.
3 — The process of coagulation is described by Smoluchowski [2...4], which has the form

Wi(p)= (10)

dK, ~ 2RTpK,
our _ _ = in , (1 1)
dt 3 nr
where K,,, — current concentration of coagulated impurities, K;, — coagulated maximum concentra-

tion of impurities, R — radius of the sphere of attraction of particles, 7 — ambient temperature, t —
current time, 1 — dynamic viscosity of the medium, » — radius of the particle, p — distance between

particles.
Equation 11 can be represented as follows
dk,, )
— =k K, 12
dt 1% in ( )
whence the transfer function is
K -m
W (p)=—p) (13)

K'(p) P

4 — The process of deposition of coagulated flakes
Increased concentrations of sediment in time can be described by the equation [2...4]

dK DU,
T2 d—;t-"—Koul :k2Kin‘ (14)
In this case, the transfer function is
k
w. =—2 15
5(p) Tp+1 (15)
Final cleaning process is completed filtration equation which has the form [2]:
av AP (16)

Sdt w(R,+R,)’

per
where V' — volume of leachate, S — filtering surface area, AP — pressure difference before and after
the filter, p — viscosity of filtrate, R,, — resistance sediment, R,.. — resistance filtering septum.

The transfer function is

W, (p)=—. (a7
p

The final link in the process of purification is some water users, which consumes a certain weight
of purified water and contains its defined scope. This link can be represented by some cisterns. Chang-
ing the concentration of impurities in the water catchments in this dependence can be expressed:

K(t)= V-v)K, +viK, ’ (18)
14
where V' — volume of water in the receiving waters, v — filtration rate, K; — initial concentration of
impurities in the water that comes to cleaning, K, — the concentration of impurities in the water after
their deposition, # — current time.
The transfer function of the process water treatment using coagulation technology will be [5...10]

W(PYV)=W(p)W1(p)W2(p)W3(p) WA(p). (19)
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K, mg/1If To study the dynamics of the process using ma-
'l -1 thematical modeling, it is necessary to solve the fol-
800 ¢ N lowing system of equations, given the fact that the
H \ output of the previous level is an input to the next.
600 13
: dA
! ::\2 \\ T_‘)“f + Aoul = kAiﬂ >
400 : : dt 2
| :': dKout — _E RTme
200 | a3
3 dK
: T2—0m+K0ut :kZKin’ (20)
0 15 35 35 b dt
Fig. 2. Changing concentrations of contaminants d_V = L’
during the process of water purification technology Sdt w(R, +R pe,)
coagulation reagent: 3 — change in concentration _
of not coagulated particles dispersed impurities; K o= (V—vOK, +viK, ]
2 — change in concentration of particulate impuri- V
ties in the water that is purified, the deposition of In solving this system one should take into ac-

cgagulated par tic{es" 1 fchémge in the concentra-  count the fact that there is some delay time 1, pro-
tion of water purified in water intake; t — current vided belated link - dispenser.

fime in minutes. Dynamic characteristics of the process can be

studied also by transfer functions (19), using the

theory of automatic control [5...8]. However, the solution of (20) gives a visual representation of the

dynamics of the process and gives a more realistic representation of change in the concentration of

pollutants in time. This is important because it gives the opportunity to have an idea of what kind of

part-time work of wastewater treatment system that works in standard mode, the consumer receives a
water that was not constantly purified.

Currently, the solution of (20) is much easier, because now a powerful mathematical attachments
MATKAD and MATLAB, enabling to obtain a numerical and analytical solutions.

Accepted according to studies [2, 11] to K;=1000 mg/l, 7=0,5 min, 7=2 min, filtering surface
area of the filter S=1 m’, speed of liquid after filter 8,32 I/min, ¥ = 0,5 m’. Other values are also ac-
cepted according to the above-mentioned works. As a result, we obtain the mathematical modeling of
the dynamics of the process of changing the concentrations of contaminants in water treatment by coa-
gulation technology, as shown in Figure 2.

As seen from the results of mathematical modeling, the change in concentration in the reagent
container is 5...7 min. This means that whenever there is a change of concentration of particulate im-
purities at the inlet a corresponding change coagulant dose is adjusted for at least 5 minutes, which
will be 41.6 liters of untreated water. At sufficiently frequent change of concentration at the inlet or by
changing the coagulant activity, the proportion of contaminated water by installing water purification
work in normal mode, can be quite large.

As shown by the result of simulation, the change in concentration of water in the receiving water is
much slower, to which attention is drawn in [6, 7].

The results obtained by changing the concentration of Ky(t), can be taken as the basis for calculating the
risk, since an increase in water intake is in proportion to increasing filtration area and the number of filters.

Conclusions. 1. At sufficiently frequent change of concentration at the inlet or by changing the
activity of workflows water treatment, the proportion of contaminated water by installing water purifica-
tion work in normal mode, can be quite large and exceed commonly accepted allowable value of 1...2 %,
which is associated with the natural inertia of workflows .

2. Change of the water concentration in the receiving water is much slower than the actual output
settings for any method of water purification. Results on changing of the concentration of water in the
receiving water, can be taken as the basis for calculating the risk, since an increase in water intake,
significantly changing the dynamic characteristics of the system water purification.
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3. Based on the simulation results of the system reagent coagulation and electrocoagulation,
shows that the full-time work system, with very frequent changes of concentration at the inlet (which
in most cases correspond to reality) the risk of obtaining of not purified water is significant.

4. For a system reagent coagulation and electrocoagulation with an average productivity of 40
m’, the risk of contaminated water at the outlet of the system is approximately 28242 m’ per year, i.c.
0.08. This is a considerable amount that must be taken into account to evaluate the economic, social
and environmental risks because it exceeds 0.03 risk usually allowed at work.

5. At sufficiently frequent change of water concentration at the inlet particle contaminated water
when working with ionite purification installation in standard mode, can be quite large, which is asso-
ciated with the natural essence of business processes with ionite in the filter.

6. Summarizing the results of the analysis of different methods of water purification and water
treatment it must be recognized that even in normal mode, with some perturbations in systems of con-
taminated water can enter the limits prescribed by regulatory requirements.

7. When using water purification systems of thermal power plant we have a variety of man-made
risks that degrade ecological safety of environment. The reasons for these risks are faults of units and
elements of the water purification systems, partial failure and abnormal operation of water purification
systems and risks in normal work of water purification systems as a result of physical-chemical prin-
ciples on which they work. These developments are likely compatible. The total probability of these
events is derived according to the laws of probability theory. Calculations and analysis show that at
the present time, most of the water treatment systems can implement risk probability of 0,03 with un-
treated water entry to the untreated water entry to the system outlet of 2,5...3 % of the operating time.
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