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Purpose. To determine and evaluate technogenic risks within the water purification systems of TSs and TPSs during normal
operation in terms of electrocoagulation plant.

Methodology. It is proposed to apply a fault tree method for the analysis of various operation failures of water purification fa-
cilities in the heat power industry. Additional analysis method, applied at stages one and two of technogenic risk determination, is
suggested for its use. The method is based upon the construction of matrix combining states of the system elements.

Findings. The aggregation of the combination matrix and fault tree method makes it possible to derive a new grapho-analytical
procedure to analyse probabilities of technogenic risk initiation in the context of any water purification system operation both at
the stage of its design and at the stage of its work.

Originality. Non-routine operation of a water purification system may depend upon certain internal reasons as well the external
ones. The reasons pose risks to a situation that at the output of the system, water will turn out being insufficiently purified. It has
been identified that in terms of the non-routine operation of water purification system, risk probability is worth analysing with the
help of the fault tree serving as graphical representation of causal relationships obtained while considering dangerous situations in
reverse order to determine probabilities for their initiation.

Practical value. The procedure helps obtain quantitative, qualitative, and causal-consequential indicators facilitating control of
technogenic risk initiation in water purification systems. Software has been developed to calculate rapidly the probabilities of run-
ning of block elements or water purification system elements in an ‘operation’ mode or in a ‘failure’ mode, and see clearly the
‘poorest’ combinations in terms of an electrocoagulation water purification system.

Keywords: fechnogenic risk, fault tree, electrocoagulation, water purification system, heat power industry, power saving, environmen-

tal safety

Introduction. Continuous, reliable, and safe performance
of circulating water supply systems (namely, generating sets of
thermal power plants and heat stations of industrial enterpris-
es) are important problems for the national economy. Fault-
free and dependable operation of water supply systems pro-
vides normal services of social as well as industrial enterprises
inclusive of risk-free activities of fire protection systems since
termination of quality product supply to the consumer is pos-
sible.

Regularities of fault occurrence in the engineering systems
and different methods improving their dependability are the
units of analysis of reliability theory as for the water supply sys-
tems. Procedures to compute reliability of technical objects are
under consideration and development as well as failure predic-
tion methods. Ways to improve reliability while designing and
operating the objects are selected in addition to the ways for
maintaining the reliability during their performance [1].

A theory of water supply system dependability is a set of
mathematical methods and models intended to evaluate and
support reliability of water supply units for water intake, puri-
fication, supply, and distribution for a consumer [2]. Probabil-
ity theory, mathematical statistics, mathematical logic, theory
of random processes, queuing theory, information theory, ex-
perimental design theory, and other mathematical disciplines
are the mathematical foundations of the reliability theory [3].

Authors of the papers, connected with the reliability theo-
ry of water supply systems, substantiation of the basic tenden-
cies of the reliability theory while water supply and disposal
system designing, constructing, and operating, have formu-
lated and proposed the terms and indices of reliability of water
systems, facilities, and structures represented in the articles [4,
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5]. The standard (DSTU 8647:2016) determines the basic
ideas of the reliability theory. The water purification system
dependability is contingent on dependability of its elements.

The problems to analyse safety of processing facilities have
become more important recently. In turn, water purification
equipment of TSs and TPSs is the topical issue of safety and
energy saving.

Wastewater treatment systems of TSs and TPSs are numer-
ous. According to their functioning, they almost exclude pos-
sibility of uncontrolled energy release. However, each failure
of the systems may be equal to toxic unsustainable discharge
although its concentration is not very high.

Depending upon a type of water purification system, the
risk analysis should involve:

- determination of the risk sources being contingent on
functioning of the elements;

- identification of the system elements which may cause
the most dangerous conditions while operating.

The analysis as well as its outcomes will depend on the spe-
cific structural device and the method in terms of which the
water purification system operates [6]. Despite the variety of
available systems, there are certain common approaches and
procedures to be applied. Among other things, they involve
hazard analysis; determination of the sequence of initiation of
dangerous situations; and analysis of the aftereffects of dan-
gerous situations. Generally, so-called solution trees, event
trees, and fault trees are used for that purpose.

Any water purification system consists of a certain number
of components (pipelines, pumps, filters, water treatment de-
vices, and other facilities). Robust operation of the whole sys-
tem depends on the performance of each component [7], and
should include ecological issues [8]. Short definition of reli-
ability is as follows: ‘Reliability is the characteristic of a system
or its elements to run smoothly’. If a system operates well and
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functions properly, then the system is reliable. Failure inten-
sity of a system during the set operating period is a degree of its
damage. However, practices show that there are no completely
faultless systems; hence, solving reliability problems should
involve two aspects: quantification and provision of the re-
quired safety rate. Risk is the danger measure.

If a system approach is implemented for the heat power fa-
cilities (i.e. TSs and TPSs), then one can say that TPS is a
physical system consisting of several subsystems, namely: fuel,
heat generation (or boiler) system, electricity generation sys-
tem, water purification system, and water treatment system [9].

The last system is the most technogenically dangerous one
since its performance involves risks of unsafe water or insuffi-
cient water availability [10]. They impact the technogenic as
well as environmental safety both directly and indirectly. Con-
sequently, the risks, initiated in the process of water purifica-
tion system, are technogenic ones at the core.

Iftechnogenic risks occur within any TS and TPS systems,
then the amount of pollutants increases drastically. Below
technogenic risks, releasing in the recirculating water systems,
are considered being the most important components of the
stations whose reliability stipulates operation of the whole sys-
tem. The methods, identifying, analysing, and optimizing the
technogenic risks as well as their impact on the system de-
pendability, are far from being studied.

Literature review. Consideration of a ‘technogenic risk’
idea helps conclude that currently Ukraine has no national
standard determination of the concept. As for the scientific
sources, they contain numerous disagreements relative to de-
termination of ‘technogenic risk’ content.

The authors of paper [ 11] confirm that the risk may arise as
a result of decision making under uncertainty and threat im-
plementation. It is a quantitative measure being equal to the
probability product of the possible damage magnitude; how-
ever, the paper has not considered the problems. Other au-
thors believe [12] that the total risk is probability of the com-
bined effect implementation. The effect depends upon various
geodynamic and technogenic impacts acting aggregately on a
certain engineering structure while stipulating its negative re-
actions. The abovementioned lays the groundwork for emer-
gency situations.

Nevertheless, many authors target environmental legisla-
tion adopted by European countries; namely, ISO/IEC
31010:2009 ‘Risk management — Risk assessment techniques’
Standard is meant [13]. Ukraine has adopted nation-wide
DSTU ISO 31000:2018 Standard ‘Risk management. Princi-
ples and guidelines’ (ISO 31000:2018, IDT) demonstrating
criteria to select the risk assessment methods; life cycle phases;
uncertainty nature and degree; accessibility of information
and data; potential aftereffects; necessity of numerical evalua-
tion; necessity to make decisions; level of required resources;
and complexity of the method use.

It is possible to simplify significantly the solution of the
integrated problems as for the technogenic risk control if one
manages to identify both initial symptoms and reasons of the
studied risk phenomena. In this context, as for analysis of
complex objects and systems, the number of the factors to be
studied may achieve several thousands. Hence, it is expedient
to apply a ‘fault tree’ method to perform in-depth analysis and
assess technogenic risks in the processes of the complicated
engineering system functioning. The method is to develop and
analyze reliability model being logical-probabilistic represen-
tation of casual relationships of faults of the studied system’s
components with faults of its elements and other impacts on
the whole energy system.

For the first time, fault tree analysis (FTA) was applied by
Bell Labs Company for US Air Force in 1962. Currently, the
method is widely used to analyse fault reasons of static systems
[14]. The technique is a part of the national standards; for in-
stance, ‘MIL-HDBK-217 Reliability prediction of electronic
equipment’ Standard in the USA or ‘Guidelines to analyse risk

of hazardous industrial facilities No. RD 03-418-01" in the RF.
Since then, fault tree use has won widespread support; experts
often apply it as a fault analysis tool in terms of reliability de-
gree.

A ‘fault tree’ underlies the logical-probabilistic representa-
tion of casual relationships of faults of the system components.
It is a multistage graph of casual relationships obtained in the
process of dangerous situation identification in the analysed
systems [15].

To compare with other methods, a ‘fault tree’ determines
only those system components or events which result in the
specific failure or accidents. The technique simplifies reliabil-
ity analysis of complex systems making it possible to analyse
the system dependability either qualitatively or quantitatively.
Paper [16] represents topicality of risk assessment involving
operational risk and safety risk to improve efficiency of techni-
cal system with the help of the fault tree analysis (FTA) is ad-
dition to the analysis of safety of work and human life. At the
same time the paper [17] demonstrates comprehensive cyber-
security risk analysis model using the fault tree analysis and
fuzzy decision theory. Research work [18] represents hazards
identification and risk analysis using the fault tree analysis
technique to identify the common hazards and associated risk
which are the root causes of accidents suggest the preventive
measures to enhance safety at workplace.

Study of domestic and world papers shows that risk assess-
ment of any technical system applies the fault tree method to
identify weak structural components of the system or its parts
while proposing new foundations to determine critical risk
factors.

The purpose of the research is to identify and assess tech-
nogenic risk in the process of standard operation of TS and
TPS water purification systems in terms of an electrocoagula-
tion plant. The following objectives were set to achieve the
purpose:

1) to develop a combination matrix of system components
helping define sequences of dangerous situations; identify the
combinations of components being the most risky ones; and
calculate the matrix;

2) to use a ‘fault tree’ for the analysis of ‘weak’ points of a
water purification system.

Methods. As an example, the study of technogenic risks
within the water purification systems used an electrocoagula-
tion device shown in Fig. 1. Such a scheme is applied for boil-
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Fig. 1. Operation schedule of natural water softening and puri-
fication:
1 — centrifugal pump; 2 — water heater; 3 — water-air ejector; 4 —

electrocoagulator; 5 — extension bed; 6 — ejector; 7 — purified wa-
ter collector; 8§ — mechanical filter
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water

96 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N° 1



ers whose efficiency is 10 to 85 m3/h. The procedure of water
softening and purification includes diaphragmless column
type electrocoagulator involving a settling chamber within
which an electrocoagulation chamber is installed coaxially.
Tubular partition is between the chambers; insoluble electrode
system is behind it. There is a cover topside; defoaming and
degassing ejector terminates it. Two fittings are installed within
the upper and lower shares of the settling chamber. Upper fit-
ting is intended to drain the softened water; and the lower one
is required to supply water to an electrode chamber for recy-
cling. The electrode chamber contains electrode block con-
sisting of the plane-parallel soluble electrodes made of Ct3
steel.

The plant involves [ centrifugal pumps; 2 water heater;
3 water-air ejector; 4 electrocoagulator; 5 rectifier unit; 6 ejec-
tor; 7 purified water collector; & mechanical filter.

If required, the leaving water is alkalized up to pH 8.5; then
air is injected into it. The obtained gas-liquid mixture is sup-
plied to an electrocoagulation chamber into a rising stream of
an electrogenerated coagulant. When the streams are mixed,
the coagulant and impurities interact chemically. 10 % alkali
solution, increasing pH environment up to 10.9, is supplied to
the mixing zone. In this context, Fe hydroxocomplexes are
formed and their polymerization takes place. Under the con-
ditions, the hydrocabonates, being in the water, experience
their breakdown with CaCO; and Mg(OH) formation and
crystallization; a solid phase is formed. After formation, the
compounds are caught by a coagulant; common sedimenta-
tion occurs. Calcium ions, determining non-carbonate hard-
ness, also interact complexly with Fe hydroxocomplexes. Cal-
cium ions pass into another phase and dispersed state (ion ex-
change on the boundary of part-liquid phases).

Coagulant flocks with the adsorbed impurities rise, run-
ning over through the overflow openings, and sediment within
a cone bottom of a setting chamber. Electrolytic gases from the
liquid and oxygen with CO,, formed during the process, are
blown off by air flow removing through ejector 6 (Fig. 1).

Large coagulant flocks sediment in the cone bottom share;
small ones are filtered through a seat of settlement which re-
tains them. The filtered water passes through a zone of non-
soluble electrodes with a graphite anode where the water is
neutralized up to pH 8—8.5 with the help of CO, formed on
the anode. Then, the purified water rises getting to a collec-
tor 7. Samples for analysis are taken from the collector; the
purified water passes through a mechanical filter § to catch
small coagulant flocks and is supplied to a consumer. Elec-
trodes, made of 12X18HI10T steel, demonstrated the highest
degree of water purification and treatment. The outgoing wa-
ter has the following characteristics: pH 7.8; 8—10 mg-equ/1 of
the total hardness; 4.0 mg-equ/1 of alkalinity; 10—15 mgO,/1
of oxidability; 0.3—1.2 mg/1 of iron confinement; and 250 mg/1
of dry residue. Characteristics of the purified water are as fol-
lows: —0.1—-008 mg-equ/I1 of the total hardness of natural wa-
ter; 9.2—12 mg/1 of coagulant consumption in terms of iron;
1.2—1.8 KW - h/m? of specific energy consumption; 0.2—
0.5 m3/of air consumption per 1 m? of water; 5—10 1 of alkali
consumption per 1 m® of water.

The design of a column continuous electrocoagulator was
applied as the basic apparatus for the water purification pro-
cess. To compare with other structures, the design has the fol-
lowing advantages: no surface passivation of soluble elec-
trodes; no impurity adsorption on it; and compactness of the
device. The apparatus combines processes of electrocoagula-
tion, sorption, flotation, deposition, and neutralization. Stag-
nation zones are prevented and electrolytic gases are disposed
constantly. The abovementioned guarantees explosion-proof
operation of the device. The continuous electrocoagulator
consists of an input chamber 7; an electrode chamber 2; and
an electrocoagulation chamber 3. The overflows openings, set-
tling chambers 4, and neutralization chambers 5 are within the
upper part of the electrocoagulation chamber 3. A spherical

cover 6is on the top. An ejector 7 for defoaming and degassing
is within the upper share of the spherical cover 6.

Two fittings are installed in the upper and lower parts of a
neutralization chamber 5. The upper fitting § is required to
drain the purified water; the lower one 9 is to supply the water
for recycling taking place in the electrode chamber 2. The
electrode chamber 2 contains an electrode unit /0 made of the
plane-parallel soluble electrodes; Ct3 steel was used. The
electrocoagulation chamber 3 and electrode chamber 2 are in-
terconnected through the input chamber / with a junction
pipe /1 to supply water-air mixture to be purified and a junc-
tion /2 to supply alkali solution.

The lower part of the neutralization chamber 5 is equipped
with the system of disk-based perforated unsoluble electrodes
13 with the graphite anodes.

The process of waste water purification and treatment
within the apparatus is as follows. The electrode chamber is
filled with electrolyte; then voltage is impressed on an elec-
trode unit. After 30—40 seconds, a water-air mixture is sup-
plied simultaneously with the electrolyte in accordance with
their ratio. The electrolyte gets to a lower part of the electrode
chamber 2; the purified water, blended with the air, passes to
an inlet chamber through a fitting pipe. Synchronously, alkali
solution is supplied through a fitting pipe. Constant current
passage via the system of soluble electrodes of the electrode
unit results in the formation of a coagulant being the polymer-
ized form of the complex iron compounds. Colloid particles,
available in the waste medium as well as molecular and ionic
impurities are absorbed by the coagulant flocks.

The ejector sucks away both oxygen in the liquid and CO,
being formed. Together with the electrolytic gases, they are re-
moved from the facility. The resulting solution rises, filling a
settling chamber through the overflow openings; processes of
impurity coagulation, formation of gaseous matters as well as
slightly dissociated matters, and their common sedimentation
take place within the chamber.

Large particles of the formed coagulant sediment in a cone
bottom share, small particles are caught during the liquid fil-
tration owing to the generated deposition. The purified water
passes to a neutralization chamber and, after its rising, gets
through the system of unsoluble electrodes. In this context,
the solution is neutralized up to pH 8—8.5 by means of CO,
formed within an anode. Moreover, the total hardness index is
decreased additionally. The purified liquid gets to the treated
water collector through a drain connection. The drain connec-
tion is also required to deliver certain share of the water to re-
cycle, taking place in an electrode chamber. The residuum,
collected within a cone bottom, is removed to a sludge settling
tank through a connection.

Early determination of technogenic risks in the water puri-
fication system applied an extra analysis method at stages one
and two of risk determination. The analysis is based upon the
construction of a matrix of combinations of states of the sys-
tem elements. Java software was used to process the findings;
the software shortened drastically the period aimed at experi-
mental array of the information processing.

Results. Determination of technogenic risks with the help of
combination matrix and its calculation. An extra analysis meth-
od at stages one and two of risk determination, based upon the
construction of a matrix of combinations of states of the sys-
tem elements, is proposed for early determination of techno-
genic risks in the water purification system. Each element of
the system has two states operation + and fault —. Operation
condition of the system is characterized by their probabilities.
PA+, PB+, PC+, PD+, PE+ will be probabilities of the system
operation; they are 0.97; 0.98; 0.99; 0.99; 0.96 for the opera-
tion state respectively. Accordingly, fault elements will be PA—,
PB-, PC—, PD—, PE- being 0.03; 0.02; 0.01; 0.01; 0.04. The
matrix of combinations of states of elements takes into consid-
eration fault probabilities of the system elements in terms of
their different combinations.
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It should be mentioned that depending upon different
combinations of the elements, the combination turns out to be
in the faulted state ‘—‘ if at least one combination element fails.
While using the combination matrices along with computing,
it is quite easy to identify the compatibility of elements being
the most risky during operation.

Fig. 2 demonstrates an operating schedule of the matrix of
combinations.

If one feeds the obtained probabilities of unit efficiency
into a computer and launches a calculation program, then it
results in computation of dual combination of coagulation sys-
tem units shown in Fig. 3.

Computation of fault probabilities of combinations of ele-
ments is too space-intensive procedure. Hence, the first calcu-
lation step of the dual combination is shown as an example.
Study into the system fault probabilities (both complete and
partial) with the use of the matrix of combinations demon-
strates the ‘weakest’ ones.

Analysis of the majority of water purification systems with
the help of the matrix of combinations makes it possible to
identify casual relationships of potential faults of the system
elements using so-called fault trees. Java software was applied
to process the research findings; it reduced significantly the
expenditures connected with cumbersome arithmetic, short-
ened processing periods of experimental data array.

Graphical study of casual relationships of the system faults
while the ‘fault tree’ developing. ‘Fault tree’ is a graphical repre-
sentation of casual relationships obtained while identifying
reversely dangerous situations within a system to determine
potential of their initiation. Consequently, a dangerous situa-
tion within a system is the last event in a fault tree.

Consider the final event of ‘water purification failure’ as
the first example of the fault tree development. Accurate deter-
mination of the final event is required even if the event is de-
scribed shortly within the fault tree.

Classification of the element failure is required to develop
the fault tree since such terms as the ‘initial event’ and ‘initial
failure’ become identical ones. If the failure is individualized
and secondary failures are above it, then they will be excluded
or become the initial events.

Such a top event as ‘failure of a water purification system’
may depend upon several reasons: initial fault of electric mo-
tor; secondary fault; and a wrong command. Initial faults are
the failures of an electric motor itself. They result from its
natural wear. Secondary faults arise due to the following rea-
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Fig. 2. Start of computing of the matrix of combinations
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Fig. 3. Calculation results of dual combinations of the electro-
coagulation system units

sons: I — excessive operation; 2 — operational conditions are
beyond the prescribed limits; 3 — improper maintenance.

Both initial and secondary failures are provoked by natural
ageing; faults of neighbouring elements; environmental im-
pact; and errors by personnel. Specifically, an element may be
out-of-service at a certain point in time if previous disturbanc-
es disabled it; moreover, the element was not repaired. Never-
theless, the process is not considered temporally and initial
fault or secondary one is the top event at time #; no more de-
tailed analysis is carried out.

Hence, a fault tree is that instant representation of the sys-
tem at a certain point of time. The initial event is in the circle
since it is an outbound event having comprehensive data on
the failure. The secondary event is not developed completely;
thus, it is in a rhombus. Quantitative characteristics of the sec-
ondary faults should be assessed with the help of adequate
methods; then they also become the initial events.

Fig. 4 demonstrates a ‘deenergized circuit’ event. More
detailed development of the event is possible; it factors into a
‘deenergized rectifier unit’ event being very important since
the operating procedure depends mainly upon the rectifier
unit performance. The power, produced by the rectifier unit,
influences the formation of electrogenerated coagulant as well
as the quality of the water being purified. If a rectifier unit is
low-performing, then operating schedule becomes abnormal
as well as performance of the whole water purification system.

There is an initial failure of a rectifier unit, i.e. ‘rectifier
unit fault due to natural wear’ as well as secondary failure be-
ing ‘rectifier unit shorts by means of excessive current’. It is
possible to input such a wrong command as ‘rectifier unit is
deenergized’. However, all the components were considered
above and no failures, provoking the event, were identified.
Hence, the wrong command may be ignored; and one can
suppose that the fault tree is ready (Fig. 4).

Water purification
system failure
T
Electric transformer
start failure

Electric transformer
is deenergized
Initial failure I

of an ;:lectrlc Cable does not
transformer give current

of an electric
transformer

Rectifier unit does not
generate current Secondary
failure

of a cable

Initial failure
of a cable

Circuit gives
Initial failure no current
of a rectifier

unit

Initia] failure Secondary
failure within

a grid

within a grid

Fig. 4. Fault tree for a process of natural water treatment and
purification
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The secondary failure of a rectifier unit may depend upon
the excessive current flow at the moment or earlier; faults of
the neighbouring elements initiate it. At any time before # mo-
ment excessive current may damage a rectifier unit. Hence, it
isincorrect to introduce such an event as ‘excessive current has
originated before a f moment’ since it involves the necessity to
consider a fuzzy number of the past moments.

However, it is possible to introduce ‘excessive current at
the given time moment #’; consequently, the final variation of
the fault tree will look like that one shown in Fig. 5. It should
be mentioned that probability of ‘rectifier unit operation’
event is very high; for instance, it is 0.99. Such events are con-
sidered as ‘highly probabilistic events’. They may be ignored at
the input of a logic symbol AND leaving unchanged probabil-
ity of the final event. Only nuanced analysis remains ‘highly
probabilistic events’ within the fault tree.

Fig. 6 demonstrates simplified variation of the fault tree.
‘Water purification system failure’ is its final event. The fault

Water purification
system failure
I
Electric transformer
failure
T

Excessive voltage within
an electric transformer
[
Excessive current
within a cable

A

Excessive current
within a cable

Rectifier unit supplies
excessive current

Rectifier unit
operates

Output failure

Water heater

. of a rectifier unit
failure

(excessive current)

Fig. 5. Fault tree with ‘failure of a water purification system’ fi-
nal event (secondary failures are ignored)

Water purification
system failure

Electric transformer
failure

Excessive current
within a rectifier unit

Short circuit in a cable

Fig. 6. Fault tree ignoring a highly probabilistic event (rectifier
unit operates)

tree development did not involve operation of such compo-
nents as centrifugal pumps, an ejector, a water heater, and a
water-air ejector since the rectifier unit failure prevents from
their performance.

Automatic locking will interrupt the operational schedule.
However, if automatic locking fails under the conditions, then
water will not be supplied to the electrocoagulator. Hence, the
water purification system process is disturbed. Consequently,
it is not expedient to consider the components while fault tree
developing.

The fault tree may be applied for quantitative evaluations
using Markov model to identify frequency of excessive current
origination at a ¢ time moment. As it has been mentioned,
highly probabilistic events should not be included in a fault
tress. AND specified events result in such an intermediate event
as ‘water is not supplied to an electrocoagulator’ and then to
the final event, i.e. ‘water cannot be purified’. The casual rela-
tionships, expressed by means of logic symbols AND or OR
nonprobabilistic ones since occurrence of output event de-
pends completely upon input events.

As it has been pointed out above, any final event may be
stipulated by several reasons. One of them is alarm failure or
operator error. Nevertheless, system risks are provoked by one
component or set of components raising the emergency event.
Environment, personnel, and natural wear can influence the
system only through its components.

There are two types of environmental impact:

- reason for secondary failures of components;

- reason for wrong component commands.

Wrong command can be determined as a non-operating
state of the component due to incorrect control signal or ob-
stacle. Rather often, no maintenance is required for the com-
ponent operation. Hence, error command is only possible if
incorrect command is given. Error commands result from the
involuntary control signals or obstacles.

According to [13], personnel activities are response to certain
requirements. If a production operator fails, some component or
his/her actions cause disparity in a technological scheme; it be-
comes a reason for both initial and secondary faults. Fig. 7 shows
a fault tree of an electrocoagulation apparatus.

Visual representation of casual relationships with the help
of a ‘fault tree’ should involve elementary blocks separating

Electrocoagulator
failure
I
Electrode
disconnection
T
Waterless
electrode shorting

A

]
I:mergency
switch is open

Rectifier unit
is disconnected

Operator did not fill up
an electrocoagulator

Alarm failure

Operator
error

Fig. 7. Fault tree of an electrocoagulation apparatus

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N° 1 99



numerous events and linking them. For the purpose, logic
symbols as well as event symbols are applied.

Logic symbols link events depending upon their casual re-
lationships. Event symbols mark the fault events resulting from
more elementary output failures connected with the help of
logic elements (within the system of environment). In this
context, a water purification procedure needs the electrode
chamber to be full of water. If an operator connects a waterless
electrocoagulator inadvertently, a secondary failure of the ap-
paratus takes place since it cannot switch on itself and addi-
tional repair is required.

Such a failure type can be assessed quantitatively based
upon the switching (request) frequency as well as operator er-
ror frequency as for the request character. The operator gets
requests to connect electrocoagulator twice a year since it de-
pends upon the electrode wear and poorer indices of water be-
ing purified.

There is a probability that the operator switches a device
without its previous water admission; then, ‘operator error’
may become the initial failure as well as ‘alarm failure’ event,
introduced by means of logic element AND. The event is syn-
chronous with the initial failure. Output event of the logic sym-
bol AND takes place if only all input events are simultaneous.

Such events as ‘operator error’ and ‘alarm failure’ provoke
the following events linked by means of logic symbol OR. The
events are as follows: ‘switch failure’ and ‘operator did not run
water into electrocoagulator’.

In this case, ‘switch failure’ is the initial event. However,
logic symbol OR helps introduce ‘operator did not run water
into an electrocoagulator’ event. In this case, any event may
take place resulting in the following event being ‘Rectifier unit
is connected’ as well as ‘Emergency switch is open’ event in-
troduced by means of OR symbol. The top event, i.e. ‘Electro-
coagulator failure’ may occur if one of the events takes place.
The rectifier unit connection provokes electrode shorting if the
electrodes are not immersed in water. Electrode disconnection
is the intermediate event resulting in the electrocoagulator
failure.

Logic symbol AND helps represent a more simplified fault
tree. One can assume that all input events (i.e. ‘water heater
failure’, electric motor failure’, and ‘local failure of a grid’
happen simultaneously factoring into the top event being ‘wa-
ter cannot enter an electrocoagulator’ (Fig. 8).

Consequently, it is possible to conclude that all the input
events may provoke the electrocoagulator failure giving rise to
environmental pollution and faulty technological process of
water purification. The product will not satisfy regulatory re-
quirements for circulating water supply which can result in the
environmental, social, and economic risks.

Discussion of the analytical and graphical analysis of tech-
nogenic risks within the water purification systems. The studies
are extension of the previous research concerning the assess-
ment of technogenic and environmental risks within the ther-
mal power water purification systems. It is expedient to analyse
and evaluate the technogenic risks using a matrix of combina-
tion of system components from the viewpoint of each compo-
nent failure probability.

To achieve the goal, the following problems have been
solved. Composition of components, being the most risky for
operation, can be determined easily while applying the matrix
of combination of states of water purification system elements,

‘Water cannot enter
an electrocoagulator

N R

Water heater Motor failure Local fai}ure
failure of a grid

Fig. 8. The simplified electrocoagulator fault tree

early hazard analysis, and identification of sequence of dan-
gerous situations. Computer algorithm and software, devel-
oped to solve the matrix of combination of components, are at
a high level of mathematical and algorithmic apparatus of ma-
trix management. The abovementioned makes it possible to
perform the computer-aided analysis of any system (despite its
complexity). At the same time, standard methods are too
time-consuming and labour-intensive.

It has been determined that any input event may provoke
the electrocoagulator failure giving rise to environmental pol-
lution and faulty technological process of water purification.
The product will not satisfy the regulatory requirements for
circulating water supply.

Development of a ‘fault tree’ for a water purification
schedule can help specify and assess quantitatively the events
and identify the events with very high probability and very low
probability of failures. In addition, it is possible to limit further
progress of the fault tree, and determine failure reasons at ev-
ery stage of technological process.

The fault tree is instantaneous representation of any system
at a certain time moment #; moreover, it is graphic representa-
tion of casual relationships obtained as a result of determina-
tion of a dangerous situation in the reverse order. It is worth
defining the complex top event with the help of so-called ‘point
of tree’. The point of tree consists of the top event and addi-
tional adverse events inclusive of potential emergency situa-
tions and dangerous states, being the top event reasons. They
should be defined thoroughly; the most important reasons of
the top event should be identified. Thus, the first five heuristic
rules have to be applied while developing the fault tree.

Nevertheless, the necessity to develop the fault trees for
each system component (either apparatus of equipment) and
to know well the structural features of water purification facili-
ties is the programme product disadvantage.

Conclusions. Composition of the combination matrix
method and fault tree method makes it possible to derive a
new original graphical and analytical technique to analyse
probability of technogenic risk origination in terms of any wa-
ter purification system both at the design stage and at the op-
erational stage. The approach helps obtain quantitative, quali-
tative, and causal indices to control probabilities of techno-
genic risks within the thermal power water purification systems
in the process of their design and performance. The research
results are the probabilities of ‘weak’ component or unit failure
and quick component renewal.

The fault tree is helpful for quantitative evaluations with
the use of Markov models. The latter helps forecast operation
of components or units within a water purification system.
Analysis of the system performance during a certain period of
time makes it possible to define the probability process param-
eters and predict future behaviour of the system with a certain
probabilistic degree. Quantitative indices as well as qualitative
ones have been obtained in terms of any operating water puri-
fication system. The fault tree development with the help of
heuristic rules can be used while considering any system com-
ponent. However, to simplify the cumbersome structures, it is
more expedient to develop such trees only for the basic com-
ponents provoking emergency situations as well as negative
impact on human life and health as well as flora and fauna of
the planet. Heuristic rules have helped divide complex prob-
lem into simple subproblems; accelerate solving; and derive
qualitative characteristics of the faults of components or units
of the analysed system.

Practices of early risk analysis in the process of electrocoag-
ulation purification have shown that if an electrocoagulator op-
erates, technogenic risks due to personnel errors and environ-
mental impacts are minor to compare with other water purifica-
tion systems. Ambient stresses may result in secondary failures.

Progress of the research is accurate forecasting of techno-
genic risks as well as efficient response to emergency situations
or operating troubles within the water purification systems.
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Merta. BuzHaueHHs Ta OlliHKa TEXHOT€HHMX PU3MKIB MpU
poo6orti cuctem BogoounnieHHs: TELL i TEC y mratHoMy pe-
>KUMi Ha MPUKJIali eJIEKTPOKOATYJISAIiHOT yCTaHOBKM.

Metoauka. /115 aHaTi3y MOXJIMBUX BiIMOB pOOOTH BOIO-
OYMCHOTO OOJIalIHAHHS B TEIUIOEHEPIeTHUlli 3alIPONIOHOBAHO
BUKOPHCTOBYBaTH METON «AepeBa BiaMoB». Jlnsa momepe-
THBOTO BU3HAYEHHST TEXHOTEHHMX PU3UKIB Yy CHCTEMi BOIIO-
OUUILEHHSI 3aPOTIOHOBAHO BUKOPUCTOBYBAaTH JOAATKOBUIA
METOJI aHaTi3y Ha Mepiliii i ApyTill cTazii BUBHAUYEHHS TEXHO-
TeHHMX PU3HKIB, 1110 3aCHOBAaHMI Ha MOOYIOBI MaTPHLIi CIIO-
JIy4eHb CTaHiB €JIEMEHTIB CUCTEMHU.

Pesyabratu. [loemHaHHsS MeTOMy MaTpMIli CITOJy4YeHb i
METOJy «/IepeBa BiIMOB» A€ MOXJIUBICTb OiepXKAaTU HOBUIA
rpadoaHaliTMIHUI METO. aHaJi3y HMOBIPHOCTI BUHUKHEH-
H$ TEXHOTEHHMX PU3UKiB pOOOTH OYIb-SKOi CUCTEMU BOIOO-
YUIIEHHS SIK Ha CTafii TPOeKTYBaHHS, TaK i HA CTafii poOOTH.

Haykosa HoBusHa. [To3amTaTtHa po6oTa cCTEMU BOIOO-
YUIIIEHHST MOXe OyTH 0OyMOBJIEHA SIK «BHYTPIllIHIMU», TaK i
«30BHILIHIMU» MPUYMHAMMU, SIKi TOPOKYIOTh 3HAYHUI pU-
31K TOrO, 1110 Ha BUXOMAi CUCTEMHU Bo1a OyIe HeTOOUYUIIEHOIO.
BcraHoBneHo, 110 WMOBIpHICTh PU3UKY TPU MO3AIITATHIN
pO0OTi CHCTEMU BOIOOYMIIICHHS BApTO aHAaJIi3yBaTH 3a JI0TI0-
MOTOIO «JIepeBa BiIMOB», siKe Oyne rpadiyHUM MpPeACTaBICH-
HSIM TIPUYMHHUX B3a€MO3B’SI3KiB, OTPUMAHUX y pe3ysIbTaTi
BU3HAYCHHST HEOE3IMEYHNX CUTYAIlill Y CUCTEMi Y 3BOPOTHOMY
MOPSIIKY, UI00 3HANTH MOMNJIUBI MPUYUHU IXHBOTO BUHUK-
HEHHSI.

IIpakTiyna 3HAYKMMiCTh. 3aCTOCYBaHHSI IILOTO METOMY NIA€
MOXJIMBICTh OJEPXKAaTU KiJbKiCHi, SIKICHi Ta MPUYMHHO-Ha-
CITIKOBI TOKa3HUKHU, IO MOXHAa BUKOPHUCTOBYBATH ISt
YIpaBTiHHS TMOBIPHOCTIMI BUHUKHEHHS TEXHOTEHHUX PH-
3UKiB CUCTEeM BogooumileHHs. Po3pobiieHa mporpama, 110
JTO3BOJISIE LIBUIKO MpOpaxyBaTW WMOBIpHOCTI poOOTU ejie-
MEHTIB OJIOKIB UM €JIEMEHTIB CUCTEMU BOJOOUMIIICHHS Y CTa-
Hi «po0OTU» 200 «BiIMOBU» i HAOUHO MOOAYUTU HANOLNIbII
«CJ1abKi» CIOJIydeHHS Ha MPUKJIadi poOOTH eIeKTPOKOAryisi-
LiITHOT CUCTEMU OYUCTKU.

KirouoBi cioBa: TeXHOTeHHWil pu3uk, <«depeo 8i0mo06»,
eneKmpoKoazyaayis, cucmemu 800004ULEHHs, MeNl0eHepee-
muka, enepeo3bepediceris, ekonoeiyHa be3nexa
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