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THE RELATIONSHIP OF GLOBAL CLIMATE CHANGES AND THE OPERATION OF OPEN COOLING
SYSTEMS OF ENERGY FACILITIES OF UKRAINE

ABSTRACT. This study provides an assessment of the possible impact of climate change on increas-
ing the temperature of water in the sources from which water is taken for open technical cooling systems. In
recent years, there has been a decrease in the efficiency of nuclear reactors at Ukraine's nuclear power
plants in the hot summer months of the year. Using the example of cooling ponds of operating nuclear power
plants, an assessment of the mutual influence of air temperature indicators and the temperature of surface
water for cooling was made. Based on the monitoring temperature data of the cooling reservoirs of the NPP
of Ukraine in different months of 2020, as one of the hottest years of observations, the equations of the
correlation dependences between the temperature indicators of the surface air and the temperature of the
cooling water were obtained. In the OriginPro8 software environment, which is widely used as an industrial
standard for data collection and visualization, a climatic forecast of the atmospheric air in the territory of
Ukraine was made and a forecast dependence of the water rise in water bodies was established for the
period until 2160. The obtained forecast values of the relative total efficiency of the NPP reactors of Ukraine
for different periods until 2050, which indicates a gradual decrease in the output power in the nuclear power
industry of Ukraine. This approach to the analysis of the operation of cooling ponds can be acceptable for
evaluating the operation of thermal plants and other industrial facilities that have an open cooling pond and
can serve as support for making management decisions in the context of global climate change and for
preventing the risks of emergency situations on the object.

Key words: energy facilities, cooling water temperature, climate changes, reactor efficiency.

B3AEMO3B’A30K NMOBAJIbHUX KNIMATUYHUX 3MIH TA POBOTU BIOKPUTUX CUCTEM OXOJ10-
DKEHHA EHEPFTETUYHUX OB’EKTIB YKPAIHU

AHOTAL)IA. B daHHomy docnidxeHHi npusoOumbCsi OUjHKa MOXIIUBO20 8r1fiusy 3MiH KriMamy Ha rio-
BUWEHHST meMrepamypHUX MOKa3HUKIe 800U 8 Oxxepernax, 3 skux 30ilicHioembcsi 60003abip dnsi 8iIOKpuUMuUX
mexHi4YHUX cucmem oxos100xeHHs. OcmaHHIMU poKaMu criocmepiaaembCsl 3HUXEHHST e¢bekmugHocmi po-
6omu amomHux peakmopie Ha AEC YkpaiHu 8 nimHi cniekomHi micsiyi poky. Ha npuknadi pobomu cmaekie-
oxono0xyeauyie Oditovux AEC 3pobrieHa ouiHKka 83aemoernnugy memrepamypHUX MOKa3HUKI8 nosimpsi i me-
mriepamypu riogepxHesux 800 0151 0x0n00xeHHs. Ha ocHosi MOHIMopuHa08UX memrepamypHUX OaHuX
godolim-oxornodxysayie AEC YkpaiHu e pi3Hi micsuyi 2020 poky, sik 00H020 3 HalbinbWw CrieKoOmHUX poKig
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criocmepexeHb, 6ynu ompumaHi pieHSIHHS KOpensyiliHux 3anexHocmel MiXX memnepamypHUMU oKa3HU-
Kamu rpu3eMHo20 rnoeimpsi ma memrepamyporo 800U 0511 0X0100xeHHs1. B npozpamHomy cepedosuwie
OriginPro8, wo wupoKo 8UKOpPUCMO8YEMbCS SIK MPOMUCIO8UM cmaHOapmom Os1s1 360py ma eidyanizauii 0a-
HUX 3p0b6IeHO KriiMamu4yHuUl rnpoeHo3 ammMmocghepHo20 nosimpsi Ha mepumopii YkpaiHu ma ecmaHo8/1eHO
MPO2HO3HY 3arexHicmb nid8uUUeHHsT 800U ¥ 800HUX 06’ekmax Ha nepiod 6o 2160 p. OmpumaHi rNPo2HO3HI
3Ha4YeHHs1 8IOHOCHOI cymapHOi echbekmusHocmi  pobomu peakmopie AEC YkpaiHu pisHi nepiodu do 2050
POKY, WO c8id4YuUMb PO Mocmyrnoge 3HUXEHHSI 8UXIOHOI Momy>XHocmi 8 amoMHiIl eHepeemuui YkpaiHu. [a-
Hul nidxid do aHanizy pobomu cmaeskie —0xor00xysgadie Moxe 6ymu npulHamHuUM 051 OyiHKU pobomu
menogux cmaHyiti ma iHWux npomucnosux ob’ekmis, Wo Maroms 8i0KpuUMuUl cmMagoK-0xonodxyeas ma
MoXe criyaygamu nidmpumMKoro Ors NPUUHAMMS yrnpaesiHCbKUX piueHb 8 yMmosax 2106anbHOI 3MiHU Kii-
mamy ma 0nis O 3anobizaHHs pU3uKie 8UHUKHEHHS Had3suyaliHux cumyauiti Ha 06’ekmi.

Knroqoei crioea: eHepeemuyHi 06’ekmu, memnepamypa 800 OX0/100XKEHHS, 3MiHU Kilimamy, eqhek-
mueHicmb pobomu peakmopa.

1. INTRODUCTION. Many domestic and foreign authors dealt with the issue of the inter-
relationship of surface water quality, changes in the water regime of water bodies and water supply
depending on global climate changes [1-3, etc.]. Thus, in work [3], the water balance method was
used to assess possible changes in water resources of Ukraine based on the results of air temperature
forecasting. A 25-50% decrease in water flow was predicted at the end of the current century in
Ukraine across four regions of Ukraine according to the official regional division used by the
Ukrainian Hydrometeorological Center [4]. Scientific studies [5-7] contain assessments of the prob-
able vulnerability of one of the main water users - the energy industry, with recommendations on
its adaptation to climate change. The abnormal heat of recent years affected not only the qualitative
and quantitative characteristics of Ukraine's water resources, but also the overall efficiency of cool-
ing systems. As an alternative, global research offers closed water circulation systems or dry cooling
technologies. As for nuclear energy, it is increasingly possible to hear opinions about alternative
options for cooling systems for the successful development of the industry, which are based not only
on the general impact on the environment, but also on assessment and analysis consequences of
climate change [8,9].

Global nuclear energy is currently developing against the background of a considerable list of
unsolved dangerous environmental problems, and Russian aggression in Ukraine forces us to recon-
sider the sustainability of nuclear energy. On the territory of Ukraine, we have reactors of the
VVER-1000 type, and decommissioning of the latter is planned by 2050. Even without extending
their service life, research aimed at evaluating the efficiency of operating reactors depending on the
water temperature of cooling reservoirs is relevant. The purpose of this work is aimed precisely at
such studies.

2. OVERVIEW OF EXISTING SOLUTIONS. Existing models of the dependence of the
use of water for cooling and the energy produced are based on the determination of the coefficient
of consumption of fresh water in the system [6, 10]. Many studies, based on the results of studies
on accident safety after the Fukushima accident, devote many works to the safety and reliability of
the cooling management of the core and protective shell in reactors of various designs [11]. The
heat load of the cooling system in work [7] is represented by the Senki diagram, which is based on
balance studies, the balance ratio, and the coefficient of net electricity production is used to deter-
mine the efficiency of a nuclear power plant. The input heat flux in this approach consists of three
output fluxes: net power generation, heat load and cooling systems, and heat loss. On the basis of
this approach, it is possible to obtain the coefficient of consumption of fresh water in the systems,
which makes this approach workable when drawing up the water balance in the technological sys-
tem of reactors. A number of studies are devoted to hybrid cooling systems combining wet and dry
cooling approaches.

But in the study [12] it is noted that despite the existence of many varieties of hybrid cooling,
all of them are, in fact, a compromise between a wet tower and dry cooling. Works [13,14] describe
detailed models of the processes of the most modern power plants for comparing various aspects of
water use. A number of models presented in works [15,16] apply the assessment of the impact of
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carbon absorption on water use, but these models have a high level of detail in the assessment of
water use and the potential consequences of the introduction of new technologies. The amount of
water required for cooling a station with a VVVER-1000 reactor can be found using the equations
given in [17] and convenient to use.

3. MAIN PART. The following algorithm was used in the research: changes in water tem-
perature indicators depending on air temperature were studied and correlation dependences between
these indicators, which are usually linear functions, were constructed [10]; on the basis of the ob-
tained correlation dependences, we find the coefficients of the Mohseni equation [18]. This equation
allows for the estimation of the effect of the increase in water temperature and relates the waste heat
at the plant to the demand for cooling water based on the efficiency data and the generated electric-
ity, and for closed cooling systems the fraction of the waste heat released to the air is determined.

To determine the output power, equation (1) was used for open cooling systems, which is
given in [10] with practical restrictions on the operation of the reactor, such as: the maximum per-
missible water intake, the maximum permissible temperature increase of the return water, and, fi-
nally, the overall efficiency of the installation.

F
KW _ A Smax C-v Qmax ’ (1)

h.3_6.{1_ntotm}(1_a)

T]electrical

Where: KWmax — the maximum installed power in (KW); QF wax - the need for cooling water (m3);
h — working hours in (hours); 3.6 is the coefficient for converting kWh into megajoules; ntotar —
total efficiency in (%); Netectricat - €lectrical efficiency in (%); a - share of spent heat not removed
by cooling water in (%); v - density of water in (t/m3); ¢ — specific isobaric heat capacity of water
in (MJ/t K); ASmax — is the maximum permissible increase in the temperature of the cooling water
in (K).

To study the cooling tanks of nuclear power plants in Ukraine, we used the OriginPro8 soft-
ware environment, and to construct the correlation dependences for the cooling reservoirs of the
Khmelnytsky NPP, the Rivhe NPP and the South Ukrainian NPP between the water temperature
and the air temperature of one of the hottest years in the last decade - 2020. The data of the correla-
tion dependences, based on which the coefficients in equations (1) and the Mohnesi equation can
be identified, are given in Table 1. The values of the parameters for calculating the need for cooling
water are presented in Table 2.

Table 1 - Forecast and estimation parameters according to equation (2)

Object Tashlitsky Reservoir Netishyn Reservoir Styr River
(PNPP) (KHNPP) (PNPP)
Haxun (M) 1,6249 1,1801 1.2337
y=(4>xm/a—pn) 0,382 0,2247 0.2234
B—(°C). 8 7.5 12
a-(°0C 33 24 25
u—-(°C) 14 3 3
Table 2. Values of parameters for calculating the need for cooling water
Parameters
a=0.01 AS=10K
h=24*30=720 EZ=3
Ntotar = 0,75-0,85 w =0.975
TNelectrical = 0.33 (1 -B ): 0.013696
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The analysis of changes in temperature indicators on the territory of Ukraine during the pe-
riod 1881-2020 is presented in Fig. 1. and Fig. 2.
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Fig. 1 Correlation dependence of average
annual temperature changes of the atmospheric

surface air on the territory of Ukraine in the period

1881-2020.

T T T
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Fig. 2. Correlation dependence of average
monthly temperature changes of atmospheric
surface air in the summer months on the territory
of Ukraine in the section 1881-2020.

Modeling of the forecast data of the average annual temperature of atmospheric air for the
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Fig. 3. Modeling of forecast data of the aver-
age annual atmospheric temperature for the period
up to 2160

period until 2160 is presented, respectively, in the graphs of Fig. 3 and Fig. 4.
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Fig. 4. Modeling forecast data of the aver-
age monthly air temperature in July for the period
until 2160

Modeling of forecast water temperatures of cooling reservoirs is presented in the graph of Fig.
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Fig. 5. Modeling of forecast water temperatures of cooling reservoirs of the NPP of Ukraine:
a) - Tashlitsky Reservoir, B) - Netishyn reservoir, c) - Styr River

The equation of the relationship between the temperature of the surface layer of the air and
the cooling water is linear with the corresponding correlation coefficients: Tashlitsky Reservoir -
0.8278, Netishyn Reservoir - 0.9408 and cooling water of the Rivne NPP (Styr River) - 0.8759.

When calculating the efficiency of the reactors according to equation (1), practical restrictions
are imposed, such as: the maximum permissible water intake, the maximum permissible temperature
increase of the return water, etc.

Taking into account the terms of decommissioning of reactors at the nuclear power plants of
Ukraine, it is sufficient, in our opinion, to make a forecast of the efficiency of their work for the
period until 2050. Calculation data showed that in the period 2023-2030, if the current trend of
increasing climatic indicators is maintained, the value of the coefficient of the total power of nuclear
reactors in the summer months is 0.40; in the period of 2031-2040 - is 0.38 and in the period of
2041-2050 it may reach 0.35 and below.

4. CONCLUSIONS. One of the main negative factors affecting the reduction of energy effi-
ciency of NPPs in Ukraine is open cooling systems, when higher efficiency in the technological
process can be achieved if the temperature of the suitable water is lower. Nuclear power plants of
Ukraine require a fairly large amount of water for the process of cooling waste and removing heat.
Analysis of the impact of global climate change on the presence of cooling through open cooling
ponds showed that a gradual increase in the temperature of cooling water in the coming decades
will lead to a decrease in the efficiency of reactors at nuclear power plants in Ukraine. In order to
avoid the risks of emergency situations at the station and in the area of its influence, it is necessary
to have a tool for predictive assessment of the efficiency of the cooling systems in conditions of a
gradual increase in the temperature indicators of water resources that enter the technological process
for making strategic decisions regarding the transition to "clean™ energy. and new generations of
reactors.
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