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INTRODUCTION

The nuclear industry contributes to the conservation of
natural resources by producing clean energy. However,
from the very beginning of the operation of nuclear power
plants (NPPs), the main task is to control and maintain
the safety of their operation. According to generally ac-
cepted principles of international law and IAEA require-
ments, NPP safety is designed to protect the environ-
ment and people from the consequences of undesirable
emergencies that can occur at any stage of the life cycle
of nuclear facilities and their process equipment.

Tripathi & Singh (2020) report that one of the
causes of undesirable consequences of NPP non-radia-
tion safety can be operational events in the cooling wa-
ter circulation cycles in the heat exchange equipment of
power units during the operation of evaporative cooling
towers with water pumping units. In the operation of this
equipment, the established levels of reliability and safety
are ensured by technical systems for circulating energy
oils. The experience of Kyshnevskyi (2021) proves that
the quality indicators of circulating energy oils used in
equipment can be used as an information medium. It re-
fers to the presence of particular diagnostic components
(dissolved gases, water, additives, mechanical impurities,
etc.) in the oils that reflect the presence of defects in the
friction surfaces and erosion and corrosion damage to
heat exchange equipment.

Xiaojie et al.(2022) characterised the presence of
such diagnostic components as the content of soluble
gases, water, lonol additive, and mechanical impurities
in mineral turbine oils (MTO) to determine the pres-
ence of defects in NPP equipment in the friction sur-
face areas under the influence of point effects of high
temperatures. Lovrec & Ti¢ (2014) use a similar infor-
mation environment of energy oils to establish levels
of reliability indicators for cooling equipment operation
under vibration. Moosavi et al. (2015) use diagnostic oil
components to determine the effect of electric current
on the reliability and safety of technical water circu-
lation systems. Kindrachuk et al. (2017) and Balitskii
et al. (2020) demonstrate the possibility of detecting
hydrogen wear in heat exchange equipment using MTO
diagnostic criteria.

Grosu et al. (2018), Da Costa et al. (2016) argue
that monitoring the values of physicochemical and
thermophysical properties of MTO allows timely imple-
mentation of the necessary preventive and regulatory
measures to ensure and improve the reliability of en-
vironmental safety of power plant equipment. In addi-
tion, Srivastava et al. (2020) confirm that the quality of
MTO in the circulating supply system is very important
for the reliable and uninterrupted operation of the NPP
power system. These authors note that defects in the
oil-filled equipment of recycled water systems can re-
sult in the ingress of mineral oils into recycled water
and, when discharged into water bodies, affect surface
water and the environment.
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The stability of MTOs in the environment is af-
fected by a number of their physical and chemical char-
acteristics. Monge et al. (2015) explored the processes
of sludge development during the oxidation of turbine
oils,and Aganbi et al.(2019) studied the presence of per-
sistent organic pollutants in turbine oil residual prod-
ucts entering drainage and groundwater near a power
plant. Both studies conclude that the compliance of tur-
bine oils with the physical and chemical characteristics
of regulations is one of the guarantees of the safe oper-
ation of power plants. For example, Narcisi et al. (2023)
explored that an increase in the temperature of the
water coolant poses a risk of increasing the concentra-
tion of tritium in the power plant cooling system. Thus,
as reported by Lin et al, (2022), the operation of NPP
cooling equipment should provide for continuous safety
monitoring, including a set of diagnostic criteria for its
components at different stages of equipment wear.

Interesting are the results of research by Boczkaj
et al. (2013), in which, by establishing a mathematical
model for describing the anti-wear properties of oils,
the optimal concentrations of additives were estab-
lished to ensure effective anti-wear action of oils. Saidi
et al. (2020) emphasise the importance of the colloidal
stability of the MTO and argue that it specifically affects
the hydrophobic properties of oils and reduces their
friction coefficients. Hu et al, (2017) emphasise the im-
portance of establishing the tribological response of MTOs
by determining such parameters as morphology, size,
crystal structure, and additive concentration.

Boichenko & Kalmykova (2020), when exploring the
operating modes of turbine units and pumping units in
the circulation systems of motor vehicle maintenance,
noticed a simultaneous energy and environmental ef-
fect when using diagnostic methods with “Oil” additives.
Saeed (2022) notes that the issue of expanding diag-
nostic parameters to control turbine oil degradation
is characterised by the lack of detailed experimental
results. In addition to the unresolved part of the prob-
lem, the opinion of Pioro & Duffey (2019) should be
mentioned, who emphasise the significance of research
on the consequences and ways to prevent the impact
of MTO on environmental objects, in particular water
bodies, in the case of oil from NPP effluent.

The objectives of the study were to identify the
cause of the failure of the cooling tower pumping unit
at Rivne NPP Unit 1 by monitoring the physical and
chemical properties of TP-30 power oil, tracking the ac-
cumulation of soluble gases in power oil in the cooling
tower circulation cooling system, and controlling the
flow of oil into the surface waters of the Styr River with
the return water of the nuclear power plant.

MATERIALS AND METHODS

Experimental studies of the physical and chemical
properties of TP-30 power oil were performed using




measuring equipment in the Separate Division of the
Rivne Nuclear Power Plant (RNPP) during 2021-2022.
With the permission of the SD RNPP, it is possible to
publish the results of the study in open sources (SD
RNPP Act No. 036-21-A-Zv of 24.11.2022).

The content of chemical elements in the seg-
ments of the thrust bearing of the cooling tower unit
of power unit No. 1 was determined by the X-ray flu-
orescence method (ISO 9516-1:2003, 2003) using a
SPECNROXSORT analyser. The results were expressed
as a percentage. For the established values for each
segment, the arithmetic mean and standard deviation
were determined with statistical significance (P < 0.05)
using the Student's t-test, within the Statistica 8.0 soft-
ware package (Kostiuk, 2015). The actual content of the
elements was compared with the regulations (DSTU
4383:2015, 2015).

The modelling of ultrasonic irradiation (US) ex-
posure to the operation of power oil in the pumping
unit was performed at frequencies of 35-125 kHz and
an ultrasonic emitter power of 20 W, the tempera-
ture was maintained by a thermostat in the range of
57.0 £ 2.0°C. The content of soluble gases after ul-
trasonic irradiation was determined by the method
of chromatographic analysis of soluble gases (CASG).
The limit concentrations of hydrocarbon, CO, CO,,
and hydrogen gases were based on the standards
for defective gases for transformer oils (SOU-N EE
46.501:2006, 2006).

The determination of the physicochemical prop-
erties of TP-30 oil was performed by flame ionisation
and chromatographic methods (DSTU 3985-2000,
2000) on a Crystal-5000 chromatograph with thermal
conductivity detectors (TCD) using a licensed computer
program. The calibration characteristic of the gas con-
tent was established using standard samples of the ver-
ification gas mixture (GMS) 4.6_UMTS 44/071-12, with
a standardised gas content: CH4 - 0.0048 + 0.0002 %,
C,H, - 0.0047 + 0.0002%, C,H, - 0.0046 * 0.0002%,
C,H, - 0.0048 + 0.0002%, H, - 0.0081 * 0.0004%, O, -
0.124+0.005%,N, - 0.130 +0.005%, CO, - 0.121 + 0.006%,
CO -0.0233 £ 0.001%.

The values of the coefficients of the ratio of
the content of soluble gases in TP-30 oil, which cor-
responded to the onset of the operational event of the
cooling tower pumping unit shutdown, were calculated
for each pair of gases to the gas with the highest content
using the formula:

K =S

l

Cmax (1)
where: C, - current content of the soluble gas compo-
nent, %; C_ - current content for the gas component
with the maximum content, %. The component with the
highest content was propylene C,H,, whose concentra-
tion was the most significant according to the analysis.
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The components were extracted using gas and
liquid extraction methods. An ultra-thermostat UT-15
was used to maintain the temperature. The researchers
used TP-30 mineral oil turbine oil, the quality indica-
tors of which corresponded to the current standard
conditions (DSTU 9972-74,1974).

In the course of the research, standardised oil
performance indicators were used, which allowed changes
compared to fresh oil (SOU NAEK 085:2020, 2020). In
particular, it was considered that during the operation
of oil-filled equipment, changes in the quality of energy
oils may occur, primarily in terms of the content of ionol
and water additives.

The flow of oil into the Styr River was monitored
by the mass concentration of oil products in the return
water of the recycling system and surface waters of the
river before and after the discharge of SD RNPP waste-
water. The content of oil products in return and sur-
face water was determined by the fluorimetric method
(DSTU 20847:2009, 2009) using a “Fluorat-02U” liquid
analyser. The content of oil products in the surface wa-
ters of the Styr River was analysed based on the re-
sults of monitoring by the SD RNPP Environmental and
Chemical Laboratory during the operational event and
the dynamics of previous years.

RESULTS AND DISCUSSION

In 2021, the SD RNPP experienced a shutdown of the
cooling tower pumping unit of power unit No. 1 due to
defects in the bearing assemblies lubricated with cir-
culating power oil of the TP-30 brand in the 1MB-1 oil
tank. When determining the reasons for the failure, it
was assumed that this event could have occurred due
to the deterioration of the oil quality.

Examination of the damaged unit identified: a
sharp increase in the temperature of the segments of
the thrust bearing of the pump motor; failure of the “oil
wedge” between the pump base and the segments of
the thrust bearing at a temperature of 57°C; partial de-
struction of the babite liner; local partial melting of the
metal of the babite liner. All of this resulted in lengthy
repair work. During the technical analysis of the failure
of the cooling tower pumping unit of power unit No. 1, it
was established that the standardised indicators of oil
grade TP-30 of the 1MB-1 oil tank corresponded to the
operational standards for circulating power oils (SOU
NAEK 085:2020, 2020). Therefore, evidently, to control
the degradation of TP-30 fuel oil, it is necessary to ex-
pand the list of its physical and chemical parameters.

The material of the bearing alloy is tin babite
grade B-83, the chemical composition of which com-
plies with the current established standards (DSTU
4383:2015, 2015). Prolonged exposure to friction and
temperature caused mechanical erosion damage to the
thrust bearing surface and a change in the chemical
composition of the bearing alloy (Fig. 1).
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Figure 1. Content of chemical elements in segments
of the thrust bearing of the cooling tower pumping unit of power unit No. 1

Source: developed by authors

Thus, for the eight segments analysed, the content
of arsenic (As) in the segments of the thrust bearing of
the pump unit averaged 0.02 £ 0.01% (p = 9.4-10°%), which
fully corresponded to the standardised content of
chemical elements in bearing alloys (DSTU 4383:2015,
2015), which for As should not exceed 0.05%. The lead (Pb)
content averaged 0.22 = 0.05% (p = 7.4-10%), which was
within the range of permissible values for this element
(<0.35%). The copper (Cu) content in the analysed seg-
ments was 7.84x1.05% (p=1.3-107), which exceeded the
standard (5.5-6.5%) by 1.2 times relative to the upper
limit. The content of stibium (Sb) in the bearing seg-
ments had an average value of 13.21 = 1.14% (p = 6.5-10%),
which exceeded the permissible levels for stibium (10-
12%) by 1.1 times relative to the upper limit. Note that

the bearing is based on steel (Sn). Consequently, the
friction of the surfaces and the accompanying tempera-
ture effect caused intensive wear of the soft base of
the thrust bearing with loss of the base metal of the Sn
alloy, which increased the content of Sb and Cu and ex-
ceeded the established requirements. Such a change in
the chemical composition of the bearing alloy confirms
the long-term exposure to the operating factors of fric-
tion, vibration and temperature. According to the results
of the operational control, for Tp-30 oil, only the mass
fraction of mechanical impurities increased (Table 1),
within the normalised value (SOU NAEK 085:2020, 2020).
This fact allowed assuming that this scope of control

is not enough to monitor the degradation processes of
TP-30 oil.

Table 1. Results of incoming and operational inspection® of TP-30 oil in the 1MB-1 oil tank
of the cooling tower pumping unit of RNPP Unit 1

Indi Measurement Results of incoming control Results of operationalcontrol
ndicator name .
units Normalised value  Measurement result  Normalised value ~ Measurement result
Conter)t of mechanical % Absence Absence (0.0026)  No more than 0.005  Absence (0.0028)
impurities
Water content % Absence Absence No more than 0.3 Absence
K'”ematz't%"géms'ty at mmY/s 41.4-506 46.2 41.0-60.7 46.58
Flash point.in an open °C Not lower than 190 212 Not lower than 185 212
crucible
Acid number mgKOH/g No more than 0.5 0.023 No more than 0.6 0.025

Note: the sample was taken from the oil tank IMB-1 of the pumping unit of the cooling tower of SD RNPP Unit 1,
in operation since 2020

Source: the normalised value is presented according to ASTM Standard D 4768-11 (2019); the measurement result -
developed by the authors
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During the chromatographic separation of gases,
the establishment of the calibration characteristic of
the results using the standard sample PGS 4.6_UMTS_
44/071-12 (Fig. 2, a) allowed recording symmetrical
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chromatographic peaks characterised by high resolu-
tion in terms of retention time of components, followed
by quantitative and qualitative identification of soluble
gas components in the TP-30 service oil (Fig. 2, b).

a

b

Figure 2. Visualisation of the determination of soluble gases in TP-30 oil using a "Crystal-5000" chromatograph:
a - calibration characteristics; b - identification of soluble gas components

Source: developed by authors

According to the results of modelling the effect of
ultrasonic irradiation and temperature on the operation
of power oil in a pumping unit, it was established that

with anincrease in the time of ultrasonic irradiation, the
content of soluble gases in TP-30 oil increased, which
indicates the processes of oil degradation (Table 2).

Table 2. Results of measuring the content of soluble gases in TP-30 oil as a function
of the duration of ultrasonic irradiation of TP-30 oil during experimental tests

Gas content, % vol.

Hour, s
CH, CH, H, CH, CH, co Co, CH, CH,
0 0.003 0.006 0 0 0 0.001 0.005 0 0
200 0.09 0.33 0.19 0.03 0.06 0.03 0.02 0.44 0.06
600 0.20 0.45 0.35 0.06 0.09 0.06 0.023 0.55 0.08
1000 0.29 0.93 0.49 0.07 0.13 0.092 0.028 0.66 0.10
1500 0.51 1.55 0.58 0.13 0.15 0.104 0.029 1.3 0.16

Source: developed by authors

Thus, for 1500 s, the greatest increase was ob-
served for ethylene (C,H,) and propylene (C,H6), the
content of which in the ultrasonically irradiated oil in-
creased by 1.54% vol. and 1.3% vol. respectively. In ad-
dition, the increase in hydrogen (H,) content by 0.58%
vol. and methane (H,) by 0.51% vol. was noticeable.

The increase in the content of other gases ranged from
0.02% by volume to 0.16% by volume.

When measuring the content of soluble gases in
fresh and used TP-30 oil, it was noticed that during the
operation of the oil, soluble gases accumulate: hydro-
carbons, CO, CO,, and hydrogen (Table 3).

Table 3. Results of measuring the content of soluble gases in fresh and service oil TP-30

Gas content, % vol.

Control object

CH, CH, H, CH, CH, co co, CH, CH,
Fresh oil TP-30 0 7410°  1.10° 0 0 0.0013 00051 0 0
Operating oil' TP-30  0.0056  8-10° 001 0.05 0.034 0.026 0.028 0.56 3107

Note: taken from the oil tank 1MB-1 of the pumping unit of the cooling tower of SD RNPP Unit 1 in 2020

Source: developed by authors

Thus, during the degradation of Tp-30 oil, a sig-
nificant accumulation of propylene (C,H,) is observed,
which is characterised by the maximum content of this
gas in TP-30 service oil.

The actual values of the coefficients of the ratio
of each of the soluble gases in Tp-30 oil to the con-
tent of propylene (C,H,), the concentrations of which
were the most significant, indicate that ethane (C,H,)

Scientific Horizons, 2022, Vol. 25, No. 12
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accounted for the largest share in their composition,
slightly lower was the content of acetylene (C,H,), car-
bon dioxide (CO,) and carbon monoxide (CO), even lower
was the content of hydrogen (H,), ethylene (C,H,) and
methane (CH,), and quite insignificant was the content
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of propane (C,H,) (Fig. 3). The accumulation of other hy-
drocarbons was minimal, with the ratio to propylene
ranging from 0.005% to 0.09%. The ratio of carbon di-
oxide and carbon monoxide content to propylene content
was 0.05%.
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Figure 3. Actual values of soluble gas coefficients in TP-30 oil characterising the presence of defects in friction zones

Source: developed by authors

Since the defect of the oil-filled TP-30 pumping
unit of cooling tower No. 1 of the SD RNPP was character-
ised by defects in the friction zones, as evidenced by the
results of a visual and instrumental examination of the
thrust bearing, the indicated coefficients and dynamics can
be characterised as typical of defects in the friction zones.

The SD RNPP cooling water recirculation system
includes a circulating technical water supply system,
and technical water supply systems for responsible and
non-responsible consumers. The return water of the re-
circulating cooling system of the SD RNPP is discharged
into the Styr River. According to the implemented design
solution, there is no background cooling pond for the SD
RNPP, which means that pollutants, including oil products,
can enter the Styr River,a water body for fisheries purpos-
es.Thus,diagnostics of defects in the oil-filled equipment
of RNPP recirculating cooling systems is important from
an environmental standpoint to prevent the discharge
of oil products exceeding the permissible approved con-
centration under the terms of the permit for special wa-
ter use of SD RNPP into the Styr River with return water.

Therewith, to prevent the discharge of by-product
pollutants into the Styr River from the SD RNPP pro-
cess equipment, their content in the wastewater is stan-
dardised. The maximum acceptable concentration (MAC)
of oil products in SD RNPP discharge wastewater is
0.104 mg/dm? and the maximum permissible discharge
(MPD) is 1.91 tons per year (Permit for special water use,
2020). In addition, mineral oils are included in the class
of petroleum products for which the maximum permis-
sible concentration in fishery water bodies (MPC . )
is 0.05 mg/dm? (Water Quality Standards of Fisheries,
1999) and in domestic and drinking water - 0.3 mg/dm?
(Order of the Ministry of Health of Ukraine No.721,2022).

The analysis of the average annual values of the mass
concentration of oil products in the discharge waters of the
SD RNPP and the Styr River (Reports on the assessment of
the impact of non-radiation factors..., 2022) demonstrates
that the actual values of the concentration of oil products in
the discharge waters for 2018-2021 were significantly lower
than the MAC (Table 4). Their values ranged from 16-50%
of the MAC values of oil products in the discharge waters.

Table 4. Average annual values of mass concentration of oil products in SD RNPP discharge waters and the Styr River

Mass concentration of oil products, mg/dm3
MPC fpr fishery . MAC of oil products, P 2
Year and agricultural oil dm’ . Wastewater of the SD .
products, mg/dm? mg/dm r. Styr to discharge RNPP r. Styr after discharge
2018 0.32 0.032 0.052 0.038
2019 0.05 0.32 0.030 0.051 0.047
2020 . 0.104 0.043 0.053 0.044
2021 0.104 0.058 0.050 0.035

Source: developed by authors

Scientific Horizons, 2022, Vol. 25, No. 12




In some years, the mass concentration of oil
products in the Styr River after SD RNPP discharge ex-

ceeded the fshery MPC, in particular in 2013, 2014 and
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was observed in the water of the Styr River before SD
RNPP discharge. Instead, in 2015, 2016,and 2018-2021,
these exceedances were not observed (Fig. 4).

Water Quality
Standards of
Fishery

2018 2019 2020 2021

Figure 4. Mass concentration of oil products in the Styr River after SD RNPP effluent discharge

Source: developed by authors

Thus, during the operational event, the content
of oil products in the Styr River, below the discharge of
wastewater from the Rivne NPP, was within the permis-
sible values. This fact indicates that there is no contam-
ination of the river's surface waters with this group of
substances, and therefore allows asserting that there is
no supply of TP-30 circulating power oil residues with
RNPP effluents after the shutdown of the cooling tower
pumping unit of power unit No. 1 due to defects in the
bearing units.

As rightly noted by Simi¢ et al. (2022) and
Hyvarinen et al. (2022), NPP operation involves a com-
plex interaction of various subsystems consisting of
technical and human factors, and together these interac-
tions form the fundamental basis of nuclear safety. Thus,
evidently, the considered operational event of oil wedge
failure, which caused the shutdown of the cooling tower
pumping unit of SD RNPP Unit 1, was one of the compo-
nents of the overall safety of the power plant. The gradual
development of such events is described in Tripathi &
Singh (2020), Corzo et al. (2023), who, similarly to the au-
thor's conclusion, call prolonged exposure to vibration
and elevated temperatures the causes of wear of cool-
ing system equipment. As a result of the research, it was
established that the development of the bearing defect
occurs due to the gradual wear of its soft base, which is
confirmed by Rodiouchkina et al. (2018) and Jayakanth
et al. (2020). According to Mathews et al. (2022), this, in
turn, can cause changes in the chemical composition of
the bearing material. However, in the operational event
considered by the authors, there was onlya 1.2 and 1.1-fold
increase in the content of Cu and Sb relative to the standard
values, respectively. The overall chemical composition of
the bearing material remained unchanged.

According to this research, the content of soluble
gases is an indicative diagnostic criterion for monitoring

turbine oil degradation processes, which is confirmed by
de Faria et al. (2015). The data obtained by the authors
on the content of soluble gases under ultrasonic irradi-
ation of fresh TP-30 oil were comparable to the data for
TP-30 oil that was in operation. This situation can be ex-
plained by the relationship between operating time, oil
degradation processes, and soluble gas development for
transformer oil, which was observed by Wani et al. (2021)
and Dou et al. (2022). The authors identified the presence
of soluble hydrocarbon gases, CO, CO,, and hydrogen in
samples of TP-30 service oil. Consider this as the con-
sequence of defects that occurred during the failure of
the oil wedge of the cooling tower pumping unit of SD
RNPP Unit 1 in the operational event of 2021 (Kuznetsov
etal.,2022).This statement is supported by the results of
Faig et al. (2018), who noted that the content of soluble
gases, in particular hydrocarbons, CO, CO,, and hydrogen
in energy oils characterise the presence of defects in the
friction surface areas. Notably, the presence of soluble
hydrocarbon gases, CO, CO,, and hydrogen affects the
content of the antioxidant additive, and in the process of
their development, oil wear occurs with a loss of pro-
tective properties (Zaitsev et al., 2015).

The results of the authors' monitoring of the gas
content in TP-30 oil indicate that all recommended
control levels of gas content except for carbon mon-
oxide in TP-30 oil are exceeded. It allows concluding
that there is an intensive process of oil degradation. Ac-
cording to Velmurugan et al. (2020), oil degradation can
be caused by an external physical factor, in particular,
a defect in the friction surfaces under the influence of
vibration. By analogy with the regulatory requirements
for transformer oils (SOU-N EE 46.501:2006, 2006), it is
recommended to set the control level of gas content in
TP-30 oil: hydrogen - 0.005%; methane, ethane, ethylene O
0.0015%,; acetylene - 0.0003%,; carbon monoxide - 0.02%;
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carbon dioxide - 0.1%. It is assumed that the current
content of soluble hydrocarbon gases, CO, CO,, and hy-
drogen in the TP-30 service oil examined by the authors
has decreased the content of the antioxidant additive
ionol. This will be the subject of further research since
when control levels of gases in turbine oil are exceed-
ed, it is recommended to conduct a technical analysis
of the operation of NPP units as an “initial event” (Chen
etal.,2023) and conduct an additional determination of
mechanical impurities by the particle size distribution
method for an extended assessment of oil quality (Boi-
chenko et al., 2019).

In general, for transformer oils, the ratios of
individual gas pairs have specific regulatory values
(SOU-N EE 46.501:2006, 2006) and, according to Fei
et al.(2009), it is the individual gas pairs that determine
the type of major defects. In the authors' research, it
was observed that the developed ethane (C,H,) had a
ratio of 0.09% to propylene (C;H,). The accumulation of
acetylene (C,H,) was characterised by a ratio of 0.06%,
carbon dioxide (CO,) and carbon monoxide (CO) 0.05%
in both cases. Therefore, the results obtained by the
authors indicate the presence of a defect in TP-30 oil,
characterised by the accumulation and development of
a significant amount of propylene (C,H,).

The absence of exceedances of oil products in
SD RNPP effluent and surface waters of the Styr River in
2021 indicates that defects in the oil-filled equipment
of the technical water supply system did not result in
the discharge of oil products into the water process
media of the recycled water supply and SD RNPP ef-
fluent. However, according to Aganbi et al. (2019) and
Xiaojie et al. (2022), the detected cases of excessive oil
content in surface waters necessitate their constant
monitoring. Thus, the author believes that continued
monitoring of the content of oil products in the surface
waters of the Styr River will be an essential foundation
for taking measures to ensure the environmentally safe
use of TP-30 oil in the operation of SD RNPP turbines.

CONCLUSIONS

The content of chemical elements in the segments of the
thrust bearing of the pump unit, which is based on Sn,
was within the normalised content for such elements as
As (0.02 £ 0.01%) and Pb (0.22 = 0.05%). The Cu content
(7.84 £ 1.05%) exceeded the standard by an average of
1.2 times. The Sb content (13.21 * 1.14%) exceeded the

permissible levels by 1.1 times. Such a change in the
chemical composition of the bearing alloy indicates pro-
longed exposure to friction, vibration and high temperatures.

The determination of a set of physical parame-
ters of TP-30 oil identified an increase in the mass frac-
tion of mechanical impurities only based on the results
of the incoming inspection. In particular, their content
amounted to 0.0026%, while the normalised require-
ment was their complete absence. The remaining indi-
cators did not demonstrate deviations, which suggests
the necessity of expanding their list for monitoring the
degradation processes of TP-30 oil.

Chromatographic determination of the content of
soluble gases in TP-30 heating oil identified the highest
content of propylene (C,H,), which was 0.56% by volume.
The ratio of other soluble gases to the C,;H, content, in
descending order, was as follows: ethane (C,H,), acety-
lene (C,H,), carbon dioxide (CO,) and carbon monoxide
(CO), hydrogen (H,), ethylene (C,H,), methane (CH,), pro-
pane (C,H,). Such a distribution in the ratio of soluble
gases indicates bearing defects in the friction zones due
to oil degradation. To identify the degradation process-
es of TP-30 oil, characterised by the influence of vibra-
tion friction of surfaces, it is recommended to diagnose
the oil by the accumulation of propylene (C,H,) and the
ratio of such gases as ethane (C,H,), acetylene (C,H,),
and carbon dioxide and carbon monoxide (CO,, CO).

The content of petroleum products in the return
water of the SD RNPP recirculating cooling system did
not exceed 16-50% of the approved permissible con-
centrations during the monitoring period. In the dynamics
of mass concentration of oil products in the Styr River
before and after SD RNPP wastewater discharge, the
fishery MPC was exceeded in 2013, 2014 and 2017. In
2015,2016,and 2018-2021, there were no exceedances.
It indicated the absence of residues of circulating energy
0il TP-30 of the pumping units of the cooling towers of
the recycled water supply system of the SD RNPP into
the surface waters of the Styr River during the operational
event in 2021.

The obtained research results prove the impor-
tance of the optimal selection of diagnostic criteria for
the operation of TP-30 mineral oil in turbine units and
have the prospect of continuing in terms of additional de-
termination of physical indicators to deepen the moni-
toring of oil degradation and safety in the technological
cycles of nuclear power plants.
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YO OCKOHaNeHHs MeToAiIB KOHTPOJII0 eHepreTUYHOoI ONIBMU arperaTiB
060pOTHOIro BogonocTayaHHA rpaampeHb PiBHEHCbKOI aTOMHOI efieKTpocTaHuii

MaBno MukonaitoBuu KysHeuos!?, AHatonii lOpiitoBuu Tuxomupos?,
Onbra OnekcaHppiBHa bepyHkoBa?, Cepriit Bonogummuposuu 3aiiues®

BN «PiBHeHcbka AEC»
34400, syn. lNpomucnosa, 1, M. Bapalw, YkpaiHa
2HauioHanbHUit yHiBEpCUTET BOAHOMO rocnoaapcTBa Ta NPUPOLAOKOPUCTYBAHHS
33028, Byn. CobopHa, 11, M. PiBHe, YKpaiHa

SHauioHanbHWit yHiBepcuteT «Ofecbka noniTexHika
65044, npocn. leByeHka, 1, M. Opeca, YkpaiHa

AHoTauif. AKTYanbHiCTb LOC/TIIKEHHS 3yMOB/IEHE TUM, L0 HA aTOMHUX ENEKTPOCTaHLisX Y TennoobMiHHOMY 0bnafHaHHi
eHepreTMYHMxX B10KIB eKCnyaTyoTbCs BOAHI HACOCHI arperat 3 BUKOPUCTAaHHAM eHepPreTMYHUX OnMB. [iarHoCTUYHI
KpuTepii 0NMB A03BONAIOTL BUABAATU AedeKTn y poboTi TexHonoriyHoro obnagHaHHs. MeTa poboTu — NigBULLEHHS
HafiMHOCTI ekxcnyaTaLii 0IMBOBOHANOBHEHOMO EHEPreTUYHOro 061aAHAHHS 33 paXyHOK YA,0CKOHANEHHS MOHITOPUHTY
di3MKo-XiMiYHMX BnacTnBocTen eHepreTuyHoi onmeu Tn-30. OcHoBHa yBara npuaineHa NiABULLEHHIO HALIAHOCTI
eKcnayaTtalii 0IMBOBOHAaNOBHEHOIO eHEPreTMYHOro 061aiHaHHS 3@ PaxXyHOK YA0CKOHANEHHS MOHITOPUHIY (i3nKO-
XiMiYHMX BNacTMBOCTEM eHepreTuyHoi onueu Tn-30. EkcnepvMeHTanbHi AOCNigpKeHHs B6ynu npoBeaeHi MeTogamu
Xpomatorpadii, ra3oBoi Ta piAMHHOI eKCTPaKLii 3 BMKOPWUCTAHHAM BiAMNOBiAHOIO 1abopaTopHOro YCTaTKyBaHHS.
Mpu pocnigXeHHi BMICTY XiMIYHMX €NEeMEHTIB Yy CerMeHTax YnopHOro MiAlKWMNHMKA HAaCOCHOMO arperaTy rpagupHi,
OCHOBY SIKOrO CTaHOBWUTb Sn Byno noMivyeHo 36inbweHHs BMicTy Miai Cu Ta Sb, aki nepesulLyBanu HOpMATUB Y
cepegHboMy B 1,2 Ta 1,1 pa3u, BianoBigHo. binblwicTe npoaHanizoBaHnx GisMYHMX NOKA3HUKIB SKOCTi OAUBM (BMICT
BOAM, KIHEMAaTUYHA B 3KiCTb, TEMMepaTypa cnanaxy, KUCI0THE YMC/0) He NPONBASAU BiAXWUNEHb Bif HOPMATUBHUX
3HaueHb. byno BigMiueHo nwe 36iNblEHHS MAaCOBOT YaCTKM MexaHiyHux aomiwok Ha 0,0026% BiAHOCHO HOpMU Mpu
BXiZLHOMY KOHTponi onuem Tn-30. Pe3ynbTaTi ekcnayaTaLiiMHoro KOHTPOIO 0IMBM 33 HABOPOM (Di3UYHUX NOKA3HMKIB
MOBHICTIO BiANOBIAANN BCTAHOBAEHUM TEXHOMOFYHMM HOpMaM. HalBuMILMIA BMICT cepen, pO3YMHHUX rasiB y 0NuBi
(0,56 % 06.) bys 3adikcoaHuii ansg nponineHy (C,H,). PekomennoBaHo npw iaeHTudikauii npouecis aerpaaauii
onueu Tn-30 BUKOPMCTOBYBATU BiAHOCHMI BMIiCT pO3YMHHUX rasie Ao C3H6. BcTtaHoBneHo BiACYTHICTb HAAXOOXKEHHS
3a/ULLKIB LIMPKYNIOIYOi eHepreTuyHoT onuemn Tn-30 Ao nosepxHesBux Bog p. CTMp y nepiog, ekcnayatauinHoi nogii.
3po6neHo y3aranbHEHHS WOLO HEOOXIAHOCTI PO3LIMPEHHS AiarHOCTUYHUX KpuTepiiB aKkocTi onmeu Tn-30, 30kpema
po3LUMpPeHHs nepeniky il GisMYHMX NOKA3HMKIB. Y NPaKTUUHOMY acnekTi OTPUMaHi pe3ynbTaTi MOXYTb ByTU KOPUCHI
[N MOHITOPUHIY IKOCTi iHWMX MapoK HAa(TOBMX ONMB Y cucTeMax TYpBiHHMX arperaTiB aTOMHUX eIeKTPOCTaHLI, Lo
BaX/MBO 3 ornagy 6e3neyHoi ekcnayarauii TennoobMiHHOro obnafHaHHS

KntouoBi cnoBa: H6e3neka aTOMHMX eNeKTPOCTaHLLiM, ekcnayaTauiiHa nogis, NialuMnHUK, PO34MHHI rasu, HAQTONPOAYKTH,
NnoBepXxHeBi BOAM
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