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COMPUTER-INTEGRATED COMPONENTS OF THE AUTOMATED DECISION-MAKING SUPPORT
SYSTEM FOR OPERATIONAL AND MAINTENANCE PERSONNEL OF NUCLEAR POWER PLANT
UNITS WITH WWER

The purpose of this article is to describe the results of the research aimed at developing computer-integrated components of one of the ADMSS
variants for operational and maintenance personnel of NPP units according to the criterion of technical and economic efficiency, taking into account
the diagnostics of the technical equipment state based on the simulation model describing by means of up-to-date mathematical methods the
technological processes in the main and auxiliary equipment of power units using up-to-date mathematical methods at the level of detailing,
corresponding to their principle and deployed thermal schemes. The results of studies aimed at the development of computer-integrated components of
the automated decision-making support system (ADMSS) for operational and maintenance personnel of NPP units by the criterion of technical and
economic efficiency, taking into account the diagnostics of the state of the power unit equipment, are presented. The general structure of the software
package interaction for the analysis of the performance and parameter diagnostics of NPP units with WWER has been developed. When creating the
software package, the integrated programming environment Microsoft Visual Studios was used. The structure of the program block for the parameter
diagnostics of the equipment of nuclear power units is presented. The main types of problems arising during the operation of NPP units with WWER,
that can be solved with the help of the developed ADMSS are considered, and a form for presenting the results to the operational and maintenance
personnel of power units is proposed. Developed on the basis of the described computer-integrated components, the automated decision-making
support system for the operational and maintenance personnel of NPP power units can be used to solve a wide range of problems arising in the practice
of short-, medium- and long-term control of the operation modes of power unit systems and equipment, including obtaining operational (energy)
characteristics of power unit systems and equipment, optimizing operation modes and parameters, diagnosing and forecasting technical state of power
equipment, predicting the amount of electrical and thermal energy generated by a power unit, as well as optimizing NPP repair cycles.

Keywords: computer-integrated components, automated decision-making support system, nuclear power plant units with WWER, software
package, simulation model, parameter diagnostics.
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KOMII'FOTEPHO-IHTEI'POBAHI KOMIIOHEHTH ABTOMA“TI/BOBAHOi CUCTEMH
HNIATPUMKU NIPUUHATTS PIIIUEHD JUISI EKCINIYATAIIMHOI'O TA PEMOHTHOI'O
MMEPCOHAJIY EHEPTOBJIOKIB AEC 3 BBEP

Merto10 CTaTTi € OmUC pe3yIbTaTiB JOCIIPKEHb, SIKi HalpaBJIeHi Ha pO3poOKy KOMII I0TepHO-iHTErPOBAHUX KOMIIOHEHTIB 0fHOTO 3 BapuaHTiB ACIIIIP
JUTSL eKCIUTYaTaLliHOTO 1 peMOHTHOTO HepcoHany eneprooyokis AEC 3a kpuTepieM TeXHIKO-eKOHOMIYHOT e(heKTHBHOCTI 3 ypaxyBaHHSIM JiarHOCTHKU
TEXHIYHOTO CTaHy YCTAaTKyBaHHS Ha 0a3l iMiTauiitHOT MOJeIi, 1110 OMUCYE 3a JOMOMOIOK0 CY4YaCHUX MaTeMaTHYHUX METOJIB TEXHOJOTIYHI MPOLECH B
OCHOBHOMY 1 JJOIIOMDXKHOMY yCTaTKyBaHHI €HEproOJIOKiB Ha piBHI JeTaji3auii, sKa BiIIOBia€ iX NPUHIMIIOBUM i PO3TOPHYTUM TEIUIOBHM CXEMaM.
[IpencraBneni pe3yibTaTd JOCHIDKEHb, SIKI HANpaBIeHI Ha PO3POOKY KOMII IOTEPHO-IHTErPOBAHUX KOMIIOHEHTIB aBTOMATH30BAHOI CHCTEMH
niaTpuMKu npuidHATTS pimens (ACIIIIP) mia excrutyarauiiHOro i peMOHTHOTo nepconany eHeprooiokiB AEC 3a kputepieM TeXHiKO-€KOHOMIYHOT
e(peKTUBHOCTI 3 ypaXyBaHHAM NIiarHOCTHKH CTaHy YCTaTKyBaHHS eHeproOyokiB. Po3pobieHa 3aranbHa CTPYKTypa B3a€MoOJii OJOKIB IIPOrpaMHOrO
KOMIUIEKCY JUIsl aHalli3y e)eKTHBHOCTI poOOTH i mapaMetpuyHoi HiarHoctHku eHeproonokis AEC 3 BBEP. [lpu cTBopeHHI IpOrpaMHOTO KOMILIEKCY
BHKOPHCTOBYBAIIOCH iHTErpOBaHe cepenosuiie mporpamysanns Microsoft Visual Studios 6. IIpeacraBnena cTpykTypa 60Ky mporpam mapamMmeTpuaHol
JIarHOCTHUKHM yCTaTKyBaHHs eHepro6iaokiB AEC. Po3risiHyTo OCHOBHI TUIH 3a7ad, 10 BUHUKAIOTh IpH eKcIutyartanii eneproonokis AEC 3 BBEP, sxki
MOXyYTb OyTH BHpilleHi 3a Jonomoror po3pobieHoi ACIIIIP i 3ampomoHoBaHa (opMa HpenCTaBICHHS pPe3yJbTaTiB Ul eKCIUTyaTaliifHoro i
PEMOHTHOTO TEpCOHANy eHeproOyiokiB. Po3polieHa Ha OCHOBI ONMMCAHUX KOMI'IOTEPHO-IHTErPOBAHMX KOMIIOHEHTIB aBTOMATH30BaHA CHUCTEMa
MiATPUMKH OPUHHATTS PillICHb EKCIUTyaTaliiHUM 1 pEMOHTHHUM TepcoHasioM eHeprotiokis AEC mMoske OyTH BUKOPHCTaHA Uil BUPIILICHHS IIUPOKOTO
nianasoHy 3ajad, [0 BHHUKAIOTH B IIPAKTHIl KPaTKO-, CEpEeIHE- U JOBIOCTPOKOBOTO YIPABIIHHS PEKHMMaMH POOOTH CHCTEM 1 YCTaTKyBaHHS
€HEproOJIOKiB, B TOMY YHCII JUIsl OTPHMAHHS CKCIUTyaTAIiHNX (CHEPTeTHIHNX) XapaKTEPUCTHK CHCTEM 1 YCTaTKyBaHHs €HEProOJIOKiB, OnTUMI3amil
PEXHUMIB 1 mapaMeTpiB X poOOTH, AiarHOCTHUKH 1 IPOrHO3YBaHHS TEXHIYHOTO CTaHy yCTaTKyBaHHS €HEProOJIOKiB, IPOrHO3YBAHHS KiJIbKOCTI BUPOOKH
€HEProOJIOKOM eNIeKTPHIHOI 1 TEIIoBOi eHepril, onTuMisanii peMoHTHHX nuKIIiB Ha AEC.

Kiro4oBi ci10Ba: KOMIT'IOTEPHO-IHTETpOBaHI KOMIIOHEHTH, aBTOMAaTH30BaHAa CHUCTEMa MIATPUMKH NPUHHATTA pimieHs, eHeprodnok AEC 3
BBEP, xommiekce nporpam, imitaiiiiiHa MoJieNb, napaMeTpHyHa JIiarHOCTHKA.

A. B. EOUMOB, T. A. ECUIIEHKO, T. A. T'APKYIIIA, B./I. KABEPIIEB, T. H. BEPKYTOBA

KOMIIBIOTEPHO-UHTEI'PUPOBAHHBIE KOMIIOHEHTDI ABTOMATHU3UPOBAHHON
CHUCTEMBI HOJAEPKKHW NPUHATHSA PEIHEHUU VIS DKCIINIYATAIIMOHHOI'O 1
PEMOHTHOI'O IIEPCOHAJIA QHEPT'OBJIOKOB A3C C BBOP

Llenbio HacToOsIIEH CTaThbH SBISETCS OIMCAHHE PE3yNbTATOB HCCIIENOBAHUM, HANpPABICHHBIX HA DPa3pabOTKy KOMIBIOTEPHO-HHTErPHPOBAHHBIX
KOMITIOHeHTOB oxHoro u3 BapuaHToB ACIIIIP mis skcIuryaTanliOHHOTO M PEMOHTHOTO IepcoHana dHeprotiokoB ADC MO KPUTEpHIO TEXHHKO-
9KOHOMHYECKOH 3()(HEeKTHBHOCTH C YIETOM JHATHOCTHKU TEXHUUECKOTO COCTOSHUS 000pynOoBaHKS HA 0a3e MMHTALOHHON MOJEIH, ONUCHIBAIOIIEH C
MOMOIIBIO COBPEMEHHBIX MaTeMaTHIECKHX METONOB TEXHOJIOTHYECKUE MIPOLECCHl B OCHOBHOM H BCIIOMOTaTEIFHOM 000PYAOBaHUH HEProOIOKOB Ha
YPOBHE JleTajM3alluy, COOTBETCTBYIONIEH WX HPHHIUNUAIBGHBIM M Pa3BEpPHYTHIM TEIUIOBBIM cxeMaM. IIpencTaBiieHBl pe3ylbTaThl HCCIETOBaHUIM,
HAIpaBIEeHHBIX Ha Pa3paOOTKy KOMIIBIOTEPHO-HHTETPHPOBAHHBIX KOMIIOHEHTOB ABTOMATH3HPOBAHHON CHCTEMbl MOANEPXKKH IPUHATHS DPEIICHHI
(ACIIIIP) st 9KCILTyaTallMOHHOTO U PEMOHTHOTO IIepCcOHaa 3HeproonokoB ADC 0 KPUTEPHUIO TEXHUKO-DKOHOMUUECKOH 3 ()EKTUBHOCTH € YIETOM
JIMarHOCTHKU COCTOSIHUSI 00OpyZOBaHUs 3Heproonokos. Paspaborana oOmias cTpyKTypa B3aUMOZIEHCTBHS OJIOKOB HPOrPaMMHOIO KOMILIEKCA JUIs
aHanu3a 3((GEeKTUBHOCTH pabOTHl M MapaMeTPUUEcKoil auarHocTuku sHeprobsokoB ADC ¢ BBOP. Ilpu co3gaHuM HporpaMMHOTO KOMILIEKCA
HCIIOJIB30BaNach HMHTErpUpOBaHHas cpexa mnporpammuposanus Microsoft Visual Studios 6. IlpencraBiaena crpykrypa Omoka mporpamMm
IapaMeTPHIECKON JTHarHOCTHKH 00opymoBaHUs 3HeprooiaokoB ADC. PaccMOTpeHBI OCHOBHBIE THIIBI 3aJad, BO3HUKAIOIMX HPH JKCILTyaTaIl[HU
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sHepro6sokoB ADC ¢ BBOP, koTopble MOTYT OBITH pelIeHs! ¢ ToMoIbio paspadotanHoii ACIIIIP u npeuioxkena Gopma IpeacTaBieHUs pe3yIbTaToOB
JUISL OKCIUTyaTallHOHHOTO M PEMOHTHOTO IIepCOHAJIa JHEeproOiokoB. PazpaboTaHHas Ha OCHOBE OIMCAHHBIX KOMITBIOTEPHO-MHTETPHPOBAHHBIX
KOMITOHEHTOB aBTOMAaTHU3UPOBAHHAs CUCTEMa IOMAEPKKH NPUHATHSA PELICHUH SKCIUTyaTallMOHHBIM U PEMOHTHBIM HEPCOHAIOM 3Heprodiioko ADC
MOJKET OBITh HCIIOJIB30BaHA JUISl PEIICHMSI LIMPOKOrO MEPEeyHs 3a1ad, BO3HUKAIOIIUX B MPAKTUKE KPAaTKO-, CPEAHE- W JOJITOCPOYHOTO YHPABICHHUS
pexnuMaMu paboTHl CHCTEM M 00OpYJOBAaHHS HEProOJIOKOB, B TOM YHCIIE JUIS MONYYEHHS JKCIUIyaTalOHHBIX (9HEPreTHYECKUX) XapaKTEePUCTHK
cHCTEM M 000pYIOBAaHMS SHEProOIIOKOB, ONTHMM3ALMH PEKHUMOB M NApaMETPOB MX PaOOThl, AMATHOCTUKM M IIPOTHO3MPOBAHUS TEXHHYECKOTO
COCTOSIHUSL OGOpY/OBAaHMSI SHEPrOOIOKOB, MPOTHO3UPOBAHMS KOJMYECTBA BBIPAOOTKM 3HEProOJOKOM OJICKTPHYECKON M TEIUIOBOM JHEPruy,

ONTHUMH3AIMU PEMOHTHBIX IHKJIOB Ha ADC.
KuaroueBbie cioBa:

KOMITBIOTEPHO-UHTCTPUPOBAHHBIC KOMIIOHCHTBI, aBTOMAaTU3UPOBAHHAA CHUCTEMA MNOAJCPKKHU MNPUHATHA pemeHMﬁ,

sHeprobsok ADC ¢ BBOP, komIuiekc nmporpaMM, UMHTAllMOHHAS. MOJIETIb, TTapaMeTpUYIECKasi THarHOCTHKA.

Introduction. Nuclear power plant units, which are
complex technical systems, are characterized by a large
number of parameters, multifunctional links between
them, a variety of equipment for various technological
purposes and physic-chemical processes occurring in it, as
well as operation under the influence of external random
processes, etc. To study the parameters, characteristics
and performance of NPP units as complex technical
systems, methods of mathematical modeling using
computer-integrated technologies for their implementation
are now widely used. They make it possible to simulate
the set of functional states of both systems and equipment
of power units in a simulation experiment [1-26].

It should also be noted that the technological
processes occurring in the equipment of NPP power units
under various modes of their operation, including dynamic
(transient) ones, are generally described by complex
systems of nonlinear differential equations in partial
derivatives. To describe the technological processes in
steady-state (quasi-stationary) modes of the power unit
operation, nonlinear equations with their own
characteristics are used. To solve them, the use of
numerous methods in the process of simulation modeling,
and in some cases their linearization, makes it possible to
obtain an approximate solution with the accuracy, which
is sufficient for engineering practice [1, 2, 3].

The purpose and objectives of the research. The
purpose of this article is to describe the results of the
research aimed at developing computer-integrated
components of one of the ADMSS variants for operational
and maintenance personnel of NPP units according to the
criterion of technical and economic efficiency, taking into
account the diagnostics of the technical equipment state
based on the simulation model describing by means of up-
to-date mathematical methods the technological processes
in the main and auxiliary equipment of power units using
up-to-date mathematical methods at the level of detailing,
corresponding to their principle and deployed thermal
schemes. This simulation model, methods and approaches
to its creation based on the graph theory are described in
sufficient detail in [1, 3-6] and several others.

The main components of the approaches presented in
these works are the simulation model that adequately
describes the technological processes, both in individual
elements and in the power unit as a whole, and its
computer implementation in the form of an automated set
of programs. The listed computer-integrated components
can be considered as the basis for the creation of an
automated decision-making support system (ADMSS) for
operational and maintenance personnel of NPP units,
which allows to perform:

- calculation of the parameters of technological
processes in the elements, nodes and systems of the power
unit;

- parameter diagnostics of the technical state of the
power unit equipment;

- calculation of the reliability and safety indicators of
the systems and equipment of the power unit;

- calculation of the projected electricity and heat
generated by the power unit in a given period of
operation;

- calculation of the technical and
indicators of the unit efficiency;

- calculation of the performance indicators of repair
work (repair cycles) at the power unit.

The effectiveness of using such ADMSS in the
process of operation of NPP units as parts of their APCS,
the accuracy and number of decision-making options
offered by the system significantly depend on the level of
the unit simulation model detailing and the accuracy of the
mathematical methods used in the computer programs of
the above-mentioned calculations to describe the
technological processes in the equipment of the units.

Computer-Integrated Components of ADMSS.
Based on the simulation model of the NPP power unit
withWWER-1000 (Fig. 1), computer-integrated
components of ADMSS were developed as a set of
computer programs for analyzing technical and economic
efficiency of operation and parameter diagnosing the
technical state of two-loop cycle NPP unit equipment.

These components are used for a new, more
advanced version of the automated complex of programs
for analyzing the operation of two-loop cycle NPP units
[6], expanded by developing programs for computing
diagnostic parameters of the main and auxiliary equipment
of power units.

economic

P ——

Fig. 1. Scheme of NPP power unit withWWER-1000 (water-
water energy reactor)
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The structure of individual components (blocks) of
the automated computer program complex for analyzing
technical and economic efficiency of operation and
parameter diagnosing NPP power units with WWER is
shown in Fig. 2. When creating it we used the Microsoft
Visual Studio 6 development environment and the
algorithmic  language Fortran 95 as integrated
programming environment, as in [6], which proved to be
quite good as software tools when creating software
packages for computing the parameters of technological
processes in complex technical systems.

This set of programs, which is controlled by the
MAIN file (Fig.2), can be divided into two parts:
conservative and operational, which is quite typical for
automated  decision-making  support  systems for
operational personnel of power facilities as complex
technical systems [6].

The conservative part of the program complex,
which provides the adequate description of the
technological processes in the systems and equipment of
the NPP power unit at different operation modes, includes:

- a database operation block n which is used to store
the information accumulating during the operation of the
power unit (Fig. 2);

- a block for processing information about the values

of the parameters and characteristics of technological
processes in the power equipment received from the
instrumentation of the power unit (Fig. 2);

- a block for identifying the simulation model with
the actual technical state of the power unit equipment
(Fig. 2);

- a block of the modification of the structure and
parameters of thermal power unit scheme (TS) that
provides for connecting, disconnecting, switching,
replacing, eliminating and including equipment into the
TS, as well as entering and correcting the initial data
necessary to compute the parameters of the technological
processes in the power unit equipment (Fig. 2).

The operational part of the program complex, which
provides the computation of parameters in the power unit
systems and equipment, contains the following program
blocks:

- a block of programs for computing parameters,
characteristics and indicators in the reactor plant
equipment by means of the corresponding algorithms
given in [2, 3], including programs for computing thermal
and hydraulic parameters and characteristics of the heating
agent in the primary loop equipment, in particular, in main
circulation pumps, as well as working substance in steam
generators;

Control program MAIN -

A A A A

A 4
‘_" Block of programs for Block  of Block of programs for
Datab_ase Identifi- information  processing simulation analyzing the results of the
block program mentation (reactor and control uncljt opedr_atlon _parametehrs
block : . roaram and iagnosing the

steam turbine section) programs equipment state
A4 v

Block of programs for
modifying the structure of
thermal power unit scheme

of the power unit

Block of programs for
—» computing the parameters

Block of pro?rams for modifying the
parameters of thermal power unit
scheme

Block of programs for computing I
the parameters of the systems and [«
equipment of the reactor plant

v

Block of programs for computing the parameters of the
systems and equipment of the turbo-mount

A A N

\4 A 4 \ 4

A A A

\4 A 4 A 4

Block of Block of Steam
programs for fz)g?r?ri??ﬁ for turbine
computing m ainp 9 computation
steam circulation glrggliam
generators pumps

Block of Block of Block of
programs programs for programs for
for compu- || computing computing the
ting the the system of heating network
condenser regenerative . :

food water installation

heating

\ 4 \ 4

Parameter diagnostics program block

Fig. 2 The structure of the interaction of components (blocks) of the automated system performance analysis and parameter
diagnostics of NPP power units with WWER
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- blocks of programs for computing the parameters,
characteristics and indicators of the turbine installation by
means of the corresponding algorithms given in [2, 3],
including: a block of programs for computing the
parameters, characteristics and indicators in the flow
sections of the main turbine and the turbo drive of the feed
pump;

- blocks of programs for computing the parameters,
characteristics and indicators in the systems of
condensation and regenerative heating of the main
condensate and feed water;

- a block of programs for computing the parameters,
characteristics and indicators in the system for heating the
network water (heating system);

- a block of programs for the parameter diagnostics
of the main and auxiliary equipment in the power unit,
created on the basis of the approaches, methods and
models described in detail in [1, 2, 3].

The structure of the parameter diagnostics program
block is presented in Fig. 3.

The factors causing the deviation of diagnostic
parameters (functions) from standard values for various

dimensions of the power equipment of NPP power units
with WWER are summarized, systematized and entered
into the database of the program complex.

The operational part of the program package for
analyzing the quality of the operation of NPP units also
includes a block of programs for controlling simulation
experiments (Fig. 2).

The presented computer-integrated components in
the form of a program complex allow to solve the
following types of problems arising during the operation
of NPP power units with WWER:

- problems of analyzing the influence of the
equipment parameters, the structure of thermal schemes
and external operating conditions on the performance of
power units:

Q(;():f(;(,GT,A,B,Y); (1)

- problems of structural and parameter optimization
of the performance indicators of power units:

Selection of the equipment
being diagnosed from the
technological power unit scheme

A
v

parameters

Database of the
measurement results of
technological process

Statistical processing of the
measurement results of technological
process parameters

\4

Program for computing the parameters of

Database of power unit dimensions

technological power unit processes

y N

v

Database of power unit equipment

Program complex for computing the parameters
of the equipment being diagnosed

dimentions

Database of inspections and audits
during the operation of the equipment

y

y 3

and expert assumptions

Database of the computed values of
diagnostic functions

Program for identifying the measurements of the diagnosed
equipment parameters with possible causes of faults

v

Program for determining the deviations of the

Database of the normative values of

calculated, measured and standard values of
diagnostic functions

y 3

A

\ 4

diagnostic functions

\ 4

Database of the measured values of

\ 4

Program for probabilistic determining the causes
of technological equipment malfunctions

diagnostic functions

Recommendation block for

A 4

operational personnel

Fig. 3. Block of programs for parameter diagnostics of NPP power unit equipment with WWER
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Q(l)|(p| (Z):O;Xmin <X < Xmalx;Ymin <Y SYmax
extrQ ) '(2)
G" €(G].G],..Gf )iA €(Mhynk )ii=1s

- problems of optimal distribution of electrical and
heating loads in time t between n power plant units
depending on the technical state of their equipment under
various external operating conditions in order to achieve
optimal performance indicators of the entire NPP:

Pstation = e’“{%ggi (X (£),G7L(t), A (t)., (t))} ?)

- the problems of evaluating the performance of
power units during the forecast period of their operation t
based on the analysis of reliability indicators R(t) (for
example, probability of failure-free operation) of their
thermal schemes and equipment obtained by means of
technical state parameter diagnostics:

{Q(;{,R(t))kpi (;(,R(t)):O,;(e K,izl,_s}. 4
In (1)-(4) Q(y) and ¢,(y) - mathematical

expressions describing the performance of the power unit
as a technical system (Q(y)) and technological processes

occurring init (¢, () );

i — the number of mathematical expression;

s — the number of expressions in the simulation
model;

7=(X.Y,G",A,B) - information structure of the
simulation model, in which X is the vector of independent
parameters of the power unit equipment, Y is the vector of

dependent parameters of the power unit equipment;
G' — technological graph;

A=(A.4,,.1,) — the vector of the parameters

describing the influence of external conditions of the
power unit operation;

B - the vector of the parameters describing the
simulation detailisation level;

K — the area of all possible functional states of the
power unit equipment that can be described using the
simulation model Q(y) and o,(y) .

Discussion of the research results. The form of
presenting information in the ADMSS about the values of
parameters, characteristics and technical and economic
indicators of the operation modes and diagnostic results of
WWER NPP units, their individual systems and
equipment obtained using the developed set of programs
is shown in tabl.1-3 as a fragment of the output
information about the values of parameters, characteristics
and indicators of the NPP power unit with WWER-1000,
PGV-1000 steam generator and K-1000-60-1500/2
(K-1000-5.9/25) turbo-installation at nominal mode
operation. This form of presenting information may be
modified in accordance with the specific requirements of
the ADNSS users at nuclear power plants.

The analysis of the results of computing a number of
specific problems of the above-mentioned types using the
described complex of programs showed that their values
in terms of the initial data error, caused by errors in
measuring technological process parameters by means of
standard instrumentation, as well as errors in formula
which were used in the computation algorithms, do not
exceed the limits acceptable for assessing technical and
economic efficiency, reliability and safety of NPP power
units.

Conclusions. Developed on the basis of the
described computer-integrated components, the automated
decision-making support system for the operational and
maintenance personnel of NPP power units can be used to
solve a wide range of problems arising in the practice of
short-, medium- and long-term control of the operation
modes of power unit systems and optimizing operation
modes and parameters, diagnosing and forecasting
technical state of power equipment, predicting the amount
of electrical and thermal energy generated by a power
unit, as well as optimizing NPP repair cycles.

Table 1 — Main indicators of power unit operation

Electricpower N (kW) Specific heat consumption q (kJ/(kWh)) Efficiency
net 107724791 9992,9 31,99
gross 1103572,93 10237,1 32,76

Pressure of

Total consumption of generated steam P

generated steam G (kg/h)

Temperature of
generated steam T

The degree of dryness
of the generated steam

Feedwater temperature at the
inlet to steam generator T pit

(atm) O X Q)
6430000,0 61,98 274,20 0,995 224,74
Table 2 — Reactor plant heating agent parameters
. Heating agent Specific volume .
Sitename Heating agTer(lgctsmperature pressure of heating agent Heatlngl ?Eglnkt e)nthalpy

P (atm) V (m¥kg) 9

At the inlet to steam generator 319,93 158,87 0,0014698 1452,52
At the outlet of steam generator 289,81 157,66 0,0013391 1282,77
At the inlet to reactor core 290,45 162,16 0,0013399 1285,99
At the outlet of the reactor core 319,97 159,06 0,0014696 1452,73
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Table 3 — Tturbo-mount computation of the process of steam expansion in turbine

Steam Vapor Steam Degree of Steam Specific Power

Names of the elements .

of turbine flow part consumption pressure temperature steam enthalpy volume of3 compartment
G (kg/h) P (atm) T (°C) dryness X I (ki/kg) | steamV (m°) (kW)

High e et wrbine | 615786501 | 58,3646 272,53 0,9954 2775,12 0,0340 169844,00
Compartment 1 5651553,03 30,5538 233,81 0,9291 2675,88 0,0620 98398,71
Compartment 2 5359023,02 19,8102 210,94 0,9041 2613,24 0,0927 87456,32

High o et wrbine 1 507750002 | 12,6117 189,32 0,8849 2554,49 0,1404 0,00

Low o et wrbine | 434788304 | 11,7270 250,01 1,0000 2935,99 0,2011 126963,10
Compartment 3 4158750,03 6,6920 192,51 1,0000 2830,94 0,3151 117642,80
Compartment 4 3846209,05 3,5678 139,13 1,0000 2729,14 0,5244 210286,90
Compartment 5 3606599,07 0,9673 98,24 0,9393 2532,41 1,6715 166163,30
Compartment 6 3404928,01 0,2580 65,31 0,8940 2366,64 5,4855 126817,80

Low et wrbine | 340492802 | 0,0410 29,12 0,8700 2232,62 30,1089 0,00

Pressure in the condenser P, = 0,03983 atm
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