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This article presents the results of studies on the dynamics of changes in the concentration of dissolved oxygen
(DO) in the river in the zone of influence of water discharge from a nuclear power plant (NPP). Water is use in the
power generation cycle of a NPP, mainly for cooling to remove heat. Moreover, the operation of the cooling system
of a NPP requires a large amount of water, and meanwhile, the removal of heat from the systems and components of
a NPP results in the discharge of cooling system effluent with an increased temperature, which can affect the
chemical quality of the water body. One of the main chemical quality indicators used to determine the ecological
status of a water body is DO concentration, but this indicator is highly dependent on temperature. After all, the
discharge of water from a NPP with a temperature effect is highly susceptible to affect DO concentration. The
popuse of this study is to determine the spatial and temporal changes in the concentration of DO with the
establishment of variability factors and correlations between the concentration of DO and water temperature of the
Styr River in the area affected by the temperature effect of the Rivhe NPP. Overall, the studies conducted indicate

that there is no negative impact of the nuclear power plant wastewater discharge.

PACS: 82.20.-w,82.80.-d

INTRODUCTION

Dissolved oxygen (DO) is an important chemical
indicator of the ecological status of water bodies.
Changes in the DO concentration of water bodies show
significant fluctuations over a wide range of spatial and
temporal scales and are primarily dependent on water
temperature [1]. In addition, this dependence can change
under the influence of natural and anthropogenic factors
[2]. Nuclear power plant (NPP) consume large amounts
of water for cooling, and the discharge of cooling water
from NPP cooling systems has an elevated temperature
[3]. Therefore, national standards set temperature limits
for NPP water discharges [4]. Regular discharges from
NPP pose a risk of persistent surface heat plumes in
aquatic ecosystems, which could affect the environment
of adjacent territories, which is one of the most
important issues in the context of considering the risks
associated with nuclear energy [5]. It is generally
accepted that the DO content in water bodies is
regulated by interacting and competing factors [6]. The
absorption of oxygen from the atmosphere and its
release by plants during photosynthesis are processes
that enrich the water of natural objects with oxygen.
Processes that deplete oxygen include biochemical
oxidation of organic matter and chemical oxidation of
reducing agents (Fe**, Mn**, NO,, H,S, et al.) [7].
However, the known studies of the influence of factors
on the DO content have insufficient data and spatial and
temporal inconsistency of water quality [8]. It should be
noted that the influence of the main processes involved
in the formation of DO also includes the interaction of
water with air, in particular aeration and diffusion of
oxygen, oxygen supply and accumulation by plant
photosynthesis and oxygen consumption by respiration
of aquatic organisms, as well as decomposition of
organic matter and nitrification [9]. Thus, among
factors, temperature is the main determinant of DO

dynamics, with illumination in second place and flow
having a minimal effect [10]. The highest oxygen
saturation of surface waters is observed at 14...15 h, the
lowest at 4...6 h, which is related to the productivity of
photosynthesis [11]. DO concentrations can therefore
vary by 2...3 mg/dm? during the day [12].

The combination of natural factors with
anthropogenic activities makes it difficult to link and
control environmental factors in river flow [13]. It has
been shown [14] that the determined temperature
dependence of DO concentration of water bodies varies
significantly depending on the total dissolved salts
(TDS). Thus, depending on the temperature, the TDS of
surface waters affects the DO concentration, reducing it
by 0.04...0.08 mg/dm® per 1 g of dissolved salts, this
effect is clearly visible at mineralisation above 1 g/dm?®
and decreases with decreasing temperature. It is known
that the effluent has an increased salinity due to
concentration and evaporation processes in the design
cooling systems used [15]. This  requires
individualisation of studies of the dynamics of changes
in factors affecting DO concentration in a particular
water body and consideration of the separate water
effects of the effluent. Moreover, according to the
environmental standards for water bodies to meet the
drinking, household and other needs of the population
(H) [16], the DO content should not be less than
4 mg/dm?® at any time of the year in a sample taken
before 12 noon. For waters used for fishing (F) [17], the
DO content should not be less than 4 mg/dm?® in winter
(with ice cover) and less than 6 mg/dm® in summer.
According to Ukrainian requirements [18], the DO
content in the effluent should not be less than 4 mg/dm®
and the temperature difference between the effluent and
the surface water should not exceed 3 °C.

Our research focuses on the potential influence and
relationship of river water temperature on DO content
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with the study of the temperature effect of nuclear
power plant effluents. The aim of this study is to
determine the spatial and temporal consistency of DO
content, to identify the factors of variability and
correlations between DO and water temperature in the
zone of influence of the temperature of nuclear power
plant effluents. The relevance of this study is to
investigate the thermal impact of cooling water
discharges from nuclear power plants on water bodies.

METHODOLOGY AND METHODS

The study was carried out using the Rivne NPP
cooling system as an example. The process water at the
Rivne NPP is taken from the Styr River to feed the open
circuit cooling system, and the return water is
discharged into the Styr River. The scheme location of
water sampling in the Styr River before water intake (A)
and water discharge (B) of Rivne NPP is shown in
Fig. 1. Sampling and monitoring of parameters was
carried out by the certified laboratory of weekly
monitoring of the Rivne NPP in 2020-2022. A standard
method for measuring DO concentration in water was
used to control the concentration (Table 1).

The following methods were used in the study:
mathematical modelling to substantiate the parameters,
classification and generalisation; systems analysis to
develop the methodological basis for the evaluation;
analysis and technical calculations; computational and
statistical methods. Statistical processing of the study
results involved determining the range of data series
(min-max), arithmetic mean (M), standard deviation
(£SD) and coefficient of wvariation (CV) of the
respective sample.
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Table 1
Characterization of methods for measuring DO
concentration in the study
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Note: *ClI is the measurement range.

Fig. 1. Location of sampling sites of the Styr River:
before water intake (A) and water discharge (B)
of Rivne NPP

RESEARCH RESULTS AND DISCUSSION

The data of DO concentration monitoring in the Styr
River water in the area of influence of the Rivne NPP
discharges shows a wide range of concentration
fluctuations (Fig. 2).
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Fig. 2. Dissolved oxygen dynamics depending on the water temperature of the Styr River in the Rivne NPP
discharge zone (a — distribution during 2020-2022; distribution by months: b — 2020, ¢ — 2021, d — 2022)
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Consequently, with increasing water temperature in
the Styr River, DO concentration decreases (see
Fig. 2,c), with higher DO concentrations observed in
winter months and lower concentrations in summer
months (see Fig. 2,d). In particular, during 2020-2022,
the DO concentration varied in the range of min-max
6.40...13.53 mgO,/dm*®, M = 9.31 mgO,/dm® SD=
+2.95 mgO,/dm*, CV = 31.7%.

In the locations before the water intake (Fig. 3,a) and
after the water discharge (see Fig. 3,b) of the Rivne NPP
of the Styr River water, the environmental standards F
and H for the actual DO concentration are not exceeded,
and the DO concentration does not decrease below
6 mgO,/dm>.

a 6 12 18 24

The concentration of DO in the water of the Styr
River after discharge is lower than before the Rivne
NPP intake. In fact, it was found that the decrease is
observed: M = 0.47 mgO,/dm?, SD = + 0.13 mgO,/dm®,
CV = 27.7%. Therefore, this can be explained by the
impact of the Rivne NPP heated return water discharge,
which is why the Styr River water temperature is
observed to increase in the sites before the intake (see
Fig. 3,c) and after the water discharge (see Fig. 3,d).
The temperature increase does not exceed the
normalised value of 3 °C according to [18] and is
1.07 °C; SD =+ 0.64 °C; CV = 73.55%.
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Fig. 3. Dissolved oxygen and water temperature of the Styr River in the area of influence of the Rivne NPP water
discharge during 2020-2022 (water temperature: a — before intake, b — after discharge;
dissolved oxygen concentration in water: ¢ — before intake, d — after discharge)

It is well known [19] that a high pH level of water
can inhibit algal photosynthesis, which in turn leads to a
decrease in DO concentration. Thus, in winter, the pH
level of the Styr River water decreases to 7.5...8.0 units,
and in summer it increases to 7.8...8.5 units [23]. It can
also be argued that the increase in the pH level in the
summer period of the year has led to a decrease in the
seasonal DO concentration in water the Styr River.
Moreover, the natural decrease of DO concentration
according to [20] in water bodies is explained by
biochemical processes of aerobic oxidation of organic
nitrogen and phosphorus compounds by
microorganisms (1) and the nitrification reaction by
nitrifying bacteria (2).

(CH20)106(NH3)15HsPO, + 1060, —
106CO, + 16NH; + H;PO,4 + 106H,0, 1)

NH," + 1.830, + 1.98HCO; — 0.0210CsH;NO, +
0.979NO;” + 1.04H,0 + 1.88H,CO;. @)

It is well known [10] that the decrease in DO
concentration in water of water bodies also occurs due
to the physical effect of temperature, since its increase
reduces the solubility of oxygen. However, since the
processes of increasing water temperature are
accompanied by intensification of biological processes
with increased photosynthesis [9], it is possible to
assume further increase of DO concentration with the
establishment of the initial equilibrium of its content in
the water of the Styr River after the water discharge of
the Rivne NPP. In the sites of the Styr River before the
water intake and after the Rivne NPP water discharge,
DO concentrations differ most (up to 15%) for the
minimum values (Table 2), which determines the
greatest impact of the water discharge at low DO
concentrations and is observed in the warm season. The
median DO concentration (see Table 2) practically does
not differ in the controlled areas, which may indicate
[21] the absence of a significant temperature effect of
water discharge on DO concentration in the Styr River
in the area of the Rivne NPP discharge.
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Table 2

Minimum and median DO concentrations and their
distribution at sites before and after the Rivne NPP

water discharge

Indicators Before intgke, After discharge,
mg/dm mg/dm?
Minimum: 7.56 6.40
5th percentile 8.36 7.21
25th percentile 9.26 8.87
Median: 10.61 10.59
75th percentile 12.18 11.99
95th percentile 13.53 13.37

The method of multiple linear regression [22, 23]
was used to determine the relationship between DO
concentration and water temperature (Fig. 4). The
obtained equation (3) describes the dependence of DO
concentration and water temperature in the area of
influence of the Rivne NPP water discharge with the
value of the coefficient of determination R-sq = 0.98.
The relationship between the indicators is characterised
by a p-value of 0.001 and a strong relationship with a
Pearson's coefficient of r=0.76. The obtained
parameters of regression dependence (see Fig. 4) R-sq,
p, r allow to predict changes in DO concentration as a
function of water temperature in the range from 0 to
25 °C in the zone affected by water discharge from the
Rivne NPP.
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Fig. 4. The regression relationship of dissolved oxygen
concentration and water temperature of the Styr River
in the zone of influence of the Rivne NPP discharge

To generalise, it is known [24] that the oxygen
regime of a river depends primarily on seasonal
variations in temperature, flow and trophic status. It can
be concluded that the oxygen regime of the Styr River is
primarily — dependent on seasonal temperature
fluctuations, and the systemic effect of the temperature
discharge from the Rivne NPP [25] on DO
concentration is not observed. Furthermore, the results
indicate that the highest DO concentrations observed in
winter, as reported in previous studies, are due to low
water temperatures [26]. Conversely, both physical and
biological factors influence processes over spatial and
temporal scales of DO concentration and are therefore
important for experimental research [27].

CONCLUSIONS

This study investigated the dynamics of changes in
DO concentration in the Styr River in the zone of
influence of the Rivhe NPP water discharge. DO
concentration varied in the range of min-max
6.40...13.53 mgO,/dm?>. As a result, it was found that
the water discharge of the Rivne NPP with an increased
level of temperature has no influence on the DO
concentration in the Styr River. In addition, a slight
decrease of up to 15% of DO concentration in the Styr
River after the Rivne NPP water discharge is observed
in winter. A seasonal natural increase of the DO
concentration in the Styr River before and after the
water discharge from the Rivne NPP was observed in
winter. In general, according to the results of this study,
the impact of the Rivne NPP water discharge does not
exceed the environmental standards in terms of the
temperature effect of the discharge and the impact of the
discharge on the DO concentration in the water body.
Therefore, in the area affected by the water discharge of
the Rivne NPP, the influence of temperature on the
dynamics of DO concentration proves that there are no
changes in the oxygen balance of the Styr River.
Moreover, the regression dependence obtained from the
study results allows to predict the DO concentration in
the Sty River water under the temperature effect of the
water discharge, which is important and can be used to
limit the temperature effect of the NPP water discharge.
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JIMHAMIKA KOHIIEHTPAIIA PO3YUMHEHOI'O KACHIO IIIJ BININBOM
TEMIIEPATYPHOI'O E®@EKTY CKUAY ATOMHOI EJIEKTPOCTAHIII

II.M. Ky3neyos, 0.0. beoynkosa

[IpencraBneHo pe3ympTaTd AOCTIKEHb AWHAMIKA 3MiH KOHIICHTpALii PO3YHMHEHOTO KUCHIO Y pidulli y 30HI
BIUIMBY BOJIHUX CKH[IB aTOMHOI €JeKTpOCTaHIli. Boma BUKOPUCTOBYEThCS y IMKII BUPOOHHIITBA EIEKTPOCHEPTii
ATOMHOI €JIeKTPOCTaHIIi{, B OCHOBHOMY, JJIsl OXOJOKEHHS 1 BiBeAeHHS Terua. Kpim Toro, ekciuryarariisi CucTeMu
OXOJIOJDKEHHS aTOMHOI €JIEKTPOCTaHIl MoTpedye BEMMKOi KITBKOCTI BOAW. Y TOH Ke Yac BifBECHHS TeIUIa Bix
CHCTEM Ta CJICMCHTIB aTOMHOI €JICKTPOCTAHIIIT MPU3BOUTH 10 CKUIAHHS 3BOPOTHUX BOJ OXOJIOJKYIOYOi CUCTEMH 3
MiJIBUIICHOI0 TEMIICPATYPOI0, IO MOXKE BIUIMHYTH Ha XiMiyHI MOKA3HUKHU SIKOCTI BOJHOTO 00'ekTy. OmHUM 3
HAMBaKJIMBIIINX XIMIYHHAX MMOKA3HUKIB SKOCTI, [0 BU3HAYAE CKOJIOTIYHUIA CTaH BOJHOTO O0'€KTY, € KOHICHTpAIlis
PO3UMHEHOrO KHCHIO, alie Iei MOKa3HUK 3HAYHOK MIpOI0 3aJICKHUTh BiJl TEMIICPATypH. 3PEIITOI0, CKUIAHHS BOJIU
ATOMHOI EJICKTPOCTAHIIT 3 TEMIEepPaTypHUM €(PEKTOM IyXKe CXHIbHE JO BIUIUBY HA KOHIICHTPALII0 PO3YHMHECHOTO
KUCHIO. METO0 I[bOT0 JOCIIHKCHHS € BU3HAYCHHS MPOCTOPOBO-YaCOBHUX 3MIH KOHICHTpAIlii PO3YUHEHOTO KHCHIO 3i
BCTAHOBJICHHAM (DaKTOpPiB MIHJIMBOCTI Ta KOPENAMIMHHUX 3B'SI3KiB MK KOHIICHTPAIIEI0 PO3YMHEHOTO KHCHIO Ta
TeMIeparyporo Boau piuku CTup y 30HI BIUIMBY TEMIIEpaTypHOTO CKHAY PiBHEHCHKOI aTOMHOI enekTpocTaHiii. B
[IOMY, TIPOBEACHI MOCHiKEHHS CBiAYaTh MPO BiICYTHICTh HETATHBHOTO BIUIMBY CKHIAHHS 3BOPOTHHX BOJ
ATOMHOI eJIEKTPOCTAHIII.
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