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ASSESSING THE IMPACT OF THERMAL POWER PLANTS
IN THE AQUATIC ENVIRONMENT IN RESERVOIR-COOLER

Abstract. This paper presents an assessment of the operation impact of thermal power plants on the
environment by mathematical modeling method, which is solved by the Navier-Stokes and temperature equations for
an incompressible fluid in a stratified medium, based on the projection method which is approximated by control
volume method. A numerical algorithm for solving the Navier-Stokes and the temperature transport equations are as
follows: in the first stage it is assumed that the transfer of momentum is carried out only by convection and
diffusion. The intermediate velocity field is solved by 5-step Runge-Kutta method. In the second stage, based on the
found intermediate velocity field, the pressure field is solved. Poisson equation for the pressure field is solved by
Jacobi method. In a third step it is assumed that the transfer is carried out only by the pressure gradient. The fourth
step numerically solved temperature transfer equation as the momentum equation by 5-step Runge-Kutta method.
The algorithm is parallelized on high-performance systems. The obtained numerical results of three-dimensional
stratified turbulent flow reveals qualitatively and quantitatively approximate the basic laws of hydrothermal
processes occurring in the aquatic environment.

Keywords: stratified environment, the Navier-Stokes equations, operational capacity, Ekibastuz GRES-2, finite
volume method, Runge-Kutta method, Shandaksor lake.

1 Introduction

Interaction between energy enterprises and environment takes place at all stages of fuel production
and using, processing and transmission of energy. In composition of pollutants there are suspended solids,
petroleum products, chlorides, sulphates, heavy metals, hydrogen sulfide, formaldehyde, etc. The main
water consumers on TPP and NPP are the turbine condensers. Water consumption depends on steam
parameters and technical water supply system. According to some estimates in the future, in condenser
cooling will spend water: on TPP — 120 kg/ (kW.h), on NPP — 220 kg/ (kW.h). The large specific steam
consumption on NPP accounts for more specific water consumption. At washing the surfaces of
aggregates, dilute solutions of hydrochloric acid, sodium hydroxide, ammonia, ammonium salts, iron and
other substances are formed. In addition, the discharges of cooling water of nuclear power plants on NPP
do not exclude the radionuclides in the aquatic environment.

Annual electricity consumption in industrialized countries is only increasing every year, which
resulted in the growth of capacity power units on NPP and TPP. In order to condensation of steam cooling
water is supplied to the capacitor. The costs of technical or cooling circulating water are enormous, which
make 95 % of the total water consumption for the needs TPP and 90 % for NPP.

TPP with cooling water dropping 4-7 kJ of heat per 1 kW/h of produced energy. But discharges of
warm water on TPP by the sanitary standards should not increase the temperature of the reservoir higher
than 3 degrees in the summer and 5 degrees in the winter. Propagation of heat emission from TPP depends
on several factors: topography, ambient temperature, wind speed, cloudiness, precipitation, etc.

The reservoirs are required by both thermal and nuclear power plants. For work of these stations is
required a large quantity of water for cooling aggregates, an average of 35-40 m.c/sec at 1 million kW
installed power. Hence it is evident that it takes 70-160 cubic meters of water every second for the thermal
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power plant of 2-4 million kW. Therefore, when choosing the construction site of TPP and NPP their
water supply is the important aspect. Naturally, the large thermal power stations should be located on the
banks of large rivers, reservoirs and lakes or artificial reservoirs.

As an example of the thermal effects by TPP to the aquatic environment is taken Ekibastuz SDPP-2,
located in township Solnechnyi, about 40 kilometers north of the city Ekibastuz, Pavlodar region,
Kazakhstan. Ekibastuz SDPP-2 generates electricity from high-ash coal by two power units of 500 MW
and has an installed capacity of 100 MW. Today two power blocks produce about 12 % of all electricity
produced in the country.

Technical water supply is carried out according to the scheme of recycling technical water supply
with artificially created self-leveling reservoir-cooler. The reservoir-cooler was created on the basis of
bitter-salty, drying up, not having national economic value Shandaksor Lake. Recycled water supply
scheme is following: cold water is taken from deep water intake reservoir-cooler and comes to the block
pumping station by supply channel, and then to the power plant heat exchangers. Warm water from the
heat exchanger on the exhaust channel is discharged into the reservoir-cooler. The maximum dimensions
of the cooling reservoir are about 7,2x7,7 km.

2 Mathematical model

For many years in the study of the hydrodynamics of lakes and reservoirs there were two separate
areas one of them full-scale analysis of the observational data, and the other is mathematical modeling.
Field experiments are observations, although made in a variety of complex conditions, were passive, as
were not allowed to actively manage the experiment, wherein not possible to predict hydro-physical
processes. One of the most effective methods for studying the hydrodynamics of the lake waters is the
method of mathematical modeling. In some cases, this method may be the only way to forecast changes in
the hydrological regime and ecosystems of lakes, for example in the study of changes that may occur with
territorial redistribution of water, construction of hydraulic structures and other activities related to the use
of water objects.

The cooling pond spatial temperature change is small. Therefore, the stratified flow in the cooling
pond can be described by equations in the Boussinesq approximation. For the mathematical modeling the
system of equations is considered, including the equation of motion, continuity equation and the equation
for the temperature. We consider developed spatial turbulent flow in the stratified cooling pond. For the
modeling of the temperature in the reservoir three-dimensional mathematical model is used [1-12, 17]:

ou. 8uju. a; o ou. or..

L+ —=——=4 N+ Pe,(T-T,)——=,

ot Ox, ox, Vaxj(ﬁxj) pe 1) ox M)
o,
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or ouw,T 9  oT

Ll : 3
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J

where 7, =u,u; —u;u,, g - acceleration of gravity, B - coefficient of volume expansion, u,- velocity

components, ¥ - thermal diffusivity, 7, - the equilibrium temperature, 7 - the temperature deviation from
equilibrium.

To close the system of equations (1) - (3) turbulence model Smagorinsky [13] is used.

For discretization system of equations (1) - (3) using the control volume method. For this we
represent the Navier-Stokes equations and equation for temperature in the form of integral conservation
laws for an arbitrary fixed volume Q with boundary dQ [14, 15]:
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J(aU OF, 8G L _B)dQ =0, @)
e i ‘xz
Where
0 u, 0 0
ou,
U=|u, |, |uu;+po,—7; | G = va ,B=|Bg,(T-T,) |
J
T v,T ar 0
d Ox;
equation (4) can be written as follows:
ou
[, = B)dQ+f, (F +Gndr =0, 6)
The equation (5) to a form:
j(—)dQ+§ (F,+G)ndl = | BdQ, (6)

Grid features are defined in the center of the cell and the values of flows across the border in divided
cells. The volume of the cell is denoted by grid functions.
Now we perform discretization equation (6) for the control volume (CV) and a reference surface (CS)

Z(—)AQ+Z(F +G,)n,AT" = BAQ (7)

or you can write the equation (7) in the form:

> AUAQ+ Y At(F, +G,)n,AT = AtB,AQ (8)
(64 CS

3 Numerical algorithm

For the numerical solution of equations (1) - (3) splitting scheme on physical parameters [14-16] is
used. For numerical implementation of (1)-(3), discretization of the form (8) is used. In the first step it is
assumed that transfer of momentum carried out only by convection and diffusion. The intermediate
velocity field is found by 5-step Runge-Kutta method [11, 12, 14, 15]. In the second stage, based on the
found intermediate velocity field, is found the pressure field. Poisson equation for the pressure field is
solved by Jacobi [14, 15]. In a third step it is assumed that the transfer is carried out only by the pressure
gradient. On the fourth step numerically temperature transfer equation as the equation of motion by 5-step
Runge-Kutta method is solved. In solving the equation for temperature also the finite volume method and
the same calculations for the equations of motion is used [11, 12]. The algorithm of task is parallelized on
high-performance systems. The calculations were performed on cluster systems URSA and T-Cluster of
BPH Research Institute of Mathematics and Mechanics at Al-Farabi Kazakh National University.

—*
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4 Results of numerical simulation

Initial and boundary conditions were set for the numerical solution of problems. The initial conditions
for the velocity and temperature are defined as follows: u, =0,(j=0,1,2,3),7 =T,. The boundary

conditions for the velocity at the bottom and side of the border are defined by adhesion condition and
temperature by adiabatic conditions. On the surface, for the velocity and temperature are specified
Neumann conditions. And also put additional boundary conditions for the velocity and temperature in the
lateral border of spillway according to the operational capacity of the Ekibastuz SDPP-2. In the
calculations there was used computational grid, with more than 800,000 computing nodes. Figure 1 shows
a computational grid for the Ekibastuz SDPP-2. Figure 2 shows the current contour and isolines of the
temperature distribution at different time points after the start of work SDPP-2, on a water surface for the
operational capacity of 700 MW. Figure 3 shows the contour and isolines of the temperature distribution
at different time points after the start of work SDPP-2, on the surface of water for the operating power of
900 MW. In both Figures 2-3 it is seen that the temperature distribution with distance from the flow close
to isothermal condition. The results show that the temperature distribution is distributed over a larger area.
As can be seen from Figures 2-3, with an increase the operational capacity of SDPP-2, area of heat
exposure becomes directed in one direction, and leads to warm water with one part of the reservoir, which
has a negative effect on the performance of SDPP-2. When operating power is 900 MW, the temperature
is distributed in the northern part of the reservoir and approximately uses only half of the body of water
for cooling hot water by SDPP-2. When the operating power of Ekibastuz SDPP-2 increase, the cooling
pond is not working effectively, fueling the northern part of the reservoir, the rest of the pond bottom is
not involved at cooling the heated water from the SDPP-2.

Figure 1 - The computing grid for the Ekibastuz SDPP-2
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Figure 2 - The outline and contours of the temperature distribution across the 22.5 hr., 50 hr., 72.5 hr. and 90 hr. after the start
of operation of Ekibastuz SDPP-2, on the surface of water for the operating power of 700 MW

—— 4 ——
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Figure 3 - The outline and contour lines of the temperature distribution over 22.5 hr., 50 hr., 72.5 hr. and 90 after the start of
operation of Ekibastuz SDPP-2, on the surface of water for the operating power of 900 MW

5 Conclusion

This work was carried out by predictive modeling to minimize the thermal load to the lake
Shandaksor, which is located near the Ekibastuz SDPP-2. The aim of this work is to determine the size
and spatial distribution of warm water temperature from the spillway channel for different operating
power capacity. Predictive mathematical model developed for this study, showed portions of the thermal
plume in which the temperature decreases when moving away from the spillway channel and the flame
temperature is close to the values of the reservoir-cooler temperature. Thus, there was developed a three-
dimensional model of a stratified turbulent flow that allows identifying qualitatively and approximately
quantitatively the basic laws of hydrothermal processes in the pond Shandaksor.
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A. A. Ucaxos, A. b. [lap:kanoBa
(On-Dapabdu arpiHarsl Kasak ynTTeik yHUBepceureti,Anmarsl, Kazakcran)

MATEMATHUKAJIBIK MOJEJILJEY DJIICI APKbLIbI KOPIIAFAH OPTAFA
'KBLITY DJIEKTP CTAHIIUSIJIAPBIHBIH KYMBICHIHBIH OCEPIH BAFAJIAY

AnHoTauusa. JKyMmbIcTa aKpIpJIbl KOJIEM OJICIMEH amNmpOKCHMAIUSUIAHATHIH, (QU3UKAIBIK MapaMeTpiiep
OOMBIHIIIA BIIBIPAY OAiCiHE HETi3AeNTeH, CTpaTH(hUKAIMIIaHFaH OPTalaFbl CHIFBIIMANTHIH CYHBIKKA apHanFaH HaBbe
- CTokc XoHE TemIeparypa TEHICYIEpIMEH MICUIUIeTiH, MaTeMaTHKAIbIK MOJAEBACY apKbUIbl KOpIIaraH OpTara
KBUTYy DJIEKTP CTaHUMSUIAPBIHBIH JKYMBICHIHBIH ocepiH Oaranay ychiHbUIABL. HaBbe-CTOKC >koHE Temmeparypa
TEHJICYJIEPiH eIy YIIiH apHaJfaH CaHIbIK aJTOPUTMBI OChLIaldl OOJIBIN TaObUIAABL: OIpiHIII Ke3eHJe KO3FajbIC
CaHBIHBIH aybICYbl KOHBeKIHMsI MeH nuddy3usHblH eceOiHeH FaHa Oomazapl nen OoypKaHalbl. ApajblK JKbULIAMIIBIK
epici 5- kagamapl Pyrre — KyTra omiciMen Ta0bbuia el EXiHII Ke3eHae TaObUTFaH apalibK KbULIAMIIBIK OpIC apKBLIBI
KbIcbIM epici Tabbutanbl. Kpiceim epici ymiH ITyaccon tenzmeyi SIkoOm omiciMeH IubiFapbuiaabl. YIIIHII Ke3EHIE
aJIMacTBIPy KBICHIM TpaZMeHTI apKBUIBI Ky3ere acansl fen OoipkaiiMbr3. TepTiHIm ke3eHAe TeMIiepaTypa TeHOeYyl
KO3FaJIBIC TeHIEYl CHSKTH S-KamaM Kytra PyHre omici apKpUTBI CaHABIK IIemriyieni. EcenTiH aaropuTMi »KOrapsl
OHIMII JXylene MmapajurelaeHreH. AJBIHFAH VIIONIeMIl CcTpaTH(UKAISsUIaHFaH TypOYJICHTTI aFbBICTBIH CaHIBIK
HOTIDKENIepl cy KOMMarapbslHAa OOJBIN KATKaH THAPOTEPMISUIBIK IPOLIECCTEPIiH HETI3T1 3aHABUIBIKTAPBIH Carlajibl
KOHE alTapIibIKTal JKyBIKTAll aTyFa MYMKIHIIK Oepeni

Tipek ce3nep: crparudukanusuianran opra, HaBbe-CToKC TeHIeyl, onepanusuiblk Kyartsl, Exidacty3 I'POC-2,
aKpIpIIbl KoJieM 9ici, Pynre-Kyrra oaici, lllannakcop xei.

A. A. Ucaxos, A. b. [lap:kanoBa
(Kaszaxckuii HaIMOHAJIBHBIA YHUBEpCUTET UM. anb-Papadu, Anmarsl, Kazaxcran)

OILIEHKA BO3JENCTBUS ®YHKIIMOHUPOBAHMSI TEILIOBOM DJEKTPOCTAHIIUM
HA OKPYXKAIOIIYIO CPEAY METOAAMU MATEMATHYECKOI'O MOAEJINPOBAHUA

AnHoTanus. B pabore npencrasineHa oneHka Bo3AeHcTBHA (QyHKIMOHUPOBAHHUS TEIIOBOM AJIEKTPOCTAHIUH Ha
OKPY>Kalo-IyI0 Cpely METOJAMH MAaTeMAaTH4eCKOrO MOJEIMPOBaHMsA, KOTOpas pelaercs ypaBHeHusmu Habbe -
Crokca M TeMmmeparypsl A HEC)KUMAaeMOHl JKHIKOCTH B CTPATU(UIMPOBAHHOM cpele, OCHOBAaHHBIE Ha METOJC
pacuieruieHuss 1o (DU3UUECKMM MapaMeTpaM, KOTOpbIE anmpOKCHUMHPYIOTCS METOJIOM KOHTPOJIBHOTO OOBbeMma.
YucneHHbIt anroput™ [uia peuieHus ypaBHeHuil HaBpe-CTOkca M mepeHoca TeMIEepaTyphl BBIIJIIAUT TaKUM
00pa3zoM: Ha MEPBOM 3Tarle MPEIoaraeTcsi, YTo MEePEeHOC KOJINYECTBA JBIKEHUS OCYIECTBIISICTCS TOJIBKO 3a CUET
koHBeKIMH M 1ud¢dy3un. [IpomexxyTouHOe MojIe CKOPOCTH HaXOJWTCs S-maroBbiM MmeronoM Pynre - Kyrra. Ha
BTOPOM JTale, MO0 HalJAEHHOMY INPOMEXYTOYHOMY IIONI0 CKOPOCTH, HAaXOAUTCSA IOJNE HaBICHUS. YpPaBHEHHE
ITyaccona mnst moist AaBieHUsl pemraercs merogoM SIkoow. Ha Tperbem 3Tame mpeamonaraertcsi, 4To HEPEeHOC
OCYILECTBJIIETCSI TONBKO 3a CYET IpajueHTa AaBieHHsd. Ha deTBepToM Iare 4YUCICHHO pPEHIAETCS ypaBHEHHUS
HepeHoca TeMIEPATyphl TaKKe KaK ypaBHEHMs ABHXKEHHs 5-IIAaroBbiM MeTodoM PyHnre-Kyrra. Anroputm 3anauu
pacmnapajuleJIeH Ha BBICOKONPOM3BOAMTENBHOM cucTeMe. IloiydeHHBIE 4YHMCIEHHBIE DPE3yNbTaThl TPEXMEPHOTO
CTpaTu(UINPOBAHHOTO TypOyJIEHTHOTO TEUEHHMS I03BOJISIET BHIIBUTH KAUECTBEHHO U NPUOIMKEHHO KOJIUIECTBEHHO
OCHOBHBIE 3aKOHOMEPHOCTH T'HIPOTEPMHUUYECKUX IIPOLIECCOB MTPOUCXOIAIINX B BOJIOEMAX-0XIaUTETIAX.

KaioueBsie ciioBa: crparuduiupoBanHas cpenia, ypaBHeHus: HaBbe-Crokca, sKCIUTyaTallMOHHAs MOIHOCTS,
Okubacrysckuii [PDOC-2, MmeToa koHeUHBIX 00BeMOB, MeTo] PyHre-Kyrra, 03epo Illanmakcop.
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