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The original efficiency optimization method of strategy of operation extension of the heat engineering
equipment of the safety related systems of nuclear power utilities is developed. The developed method is realized
for the pump cases and armature of the safety related systems, as well as for the cases of a spent fuel pool of nuclear
power plants with WWER. It is recognized that the reasonable time of operation extension for the pump cases and
armature of the safety related systems is 10 years and for the case of a spent fuel pool is 13 years. The critical
reliability parameters defining a residual life of the cases of the heat engineering equipment are dynamic metal
stresses during beyond design basis earthquakes and the actual quantity of loading cycles during transient
and accident operation. Optimization of test periodicity is one of effective approaches to reduce metal degradation/
wear rate of the heat engineering equipment cases during the beyond design basis operating period. These questions
will be considered in the subsequent publications of authors.

RATIONALE

Operation extension of the heat engineering
equipment of the safety related systems of nuclear
power utilities important for the safety of nuclear
power utilities during the beyond design basis period
is one of the most effective directions of the
development of nuclear power engineering. Economic
expenditures on complete replacement of systems and
equipment (except for the nuclear reactor pressure
vessel) cannot be compared to the expenditures on the
removal from service and construction of new
electrical power units [1].

According to the sectorial programmes of
operation extension of ukrainian nuclear facility life
extension of the 1st and 2nd electrical power units of
Rovenskaya NPP; the 1st, 2nd and 3rd electrical power
units of Yuzhno-Ukrainskaya NPP and the 1st, 2nd,
3rd and 4th electrical power units of Zaporozhskaya
NPP has been realized for the moment. Operation
extension benefits figure up to billions of American
dollars.

According to IAEA recommendations and sectorial
programmes of operation extension of Ukrainian
nuclear facility overriding problems are [2, 3]:

reliability analysis of operating experience, in-
service inspection, maintenance and repair of safety
related systems of nuclear power utility;

surveillance and condition monitoring of systems
and equipment upon the expiration of installed life;

analysis of strength system rate, equipment and
structures of safety related system of nuclear power
utility (including the external severe abuse -
earthquakes, tornados, floods, etc.)

Basic limitations of technical data reports (e.g.
[8,9]) on operation extension of Ukrainian nuclear
facility are as follows.

1. Rates of residual life, degradation/ware rates
and the duration of operation extention terms of
separate systems and equipment are insufficiently
substantiated.

2. Rates of optimal efficiency of strategy of
operation extension in relation to providing of the

necessary reliability level of safety related systems of
nuclear power utility and corresponding economic
expenditures are insufficiently substantiated.

These ideas define the rationale of the development
and application of the companion analysis of the
efficiency optimization method of strategy of
operation extension of safety related system of nuclear
power utility.

PRINCIPLE OF THE EFFICIENCY
OPTIMIZATION METHOD OF STRATEGY
OF OPERATION EXTENSION

1 The efficiency optimization of strategy of
operation extension is the defining of the maximum
allowed operation life extension providing the
necessary level of reliability and minimizing economic
expenditures.

2 The criterion of the efficiency optimization of
strategy of operation extension is the ratio of the
duration of the relative operation life extension during
the beyond design basis period AT, and the
corresponding  expenditures of technical and
organizational measures taken to extend the operation:

AT, C,
opt = : 1)
T, AC,

where Ty is the operation life designated by the
project; Cp — equivalent cost of the system extended
for operation; ACy — total expenditures of technical
and organizational measures in operation extension,
including the change and repair of system components.

The efficiency optimization of strategy of
operation life extension is defined by a condition

Kpe = max. (2)

Under condition of complete replacement of
system components Ky = 1.

3 Parameters of efficiency optimization of
operation extension: rates of residual life for the
moment of operation extension of pacing rates of
system reliability
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where Py, P,, ..., P, — are the current values of pacing
rates of reliability for the time of operation extension;
Py Py, ..., Ppy — maximum permissible rates of
pacing indicators of reliability;

indicator of expenditures on technical and
organizational measures on operation extension
(ACH/CO = Hc)n

indicator of maximum allowed operation life
extension
AT,
n,,=—=4. 4
= @

4. The duration of the operation life extension is
defined by the rates of residual life and
degradation/ware rate of system components

AP, =V,AT, . (5)
under condition that V/, > 0 from equation (5) it can be
interfered that

AT = min{ﬁ} (6)

I Vn !

where V,, is the degradation/ware rate of critical as to
reliability system components during the beyond
design basis period of operation

Conservatively (excluding the re-establishment and
resource management measures) the degradation/ware
rate of critical as to reliability system components can
be defined according to the results of operation during
the beyond design basis period:

v, v PomAPo, =Py (7)
! TO TO

where AP, is the shorter life of the pacing indicators of
reliability within the operation life T, defined by the
project; Pq — values of the pacing indicators of
reliability in the beginning of operation overdesigned
up to the rated values P,,.

Hence, parameters of efficiency optimization of
operation extension:

I, =min APy (8)
AT P,-AP,, P, [ '
- AC, o
CO

5. Boundary values of the parameters of efficiency

optimization of operation extension result from
formulae (1)—(9)
0<TI,r <1, (10)
0<II, <1. (11)

The condition of the optimization efficiency of
strategies of operation extension

Kopi>1. (12)

Domain of optimization efficiency of strategies of
operation extension is illustrated below (Fig. 1).

Implementation procedure of the method of the
efficiency of optimization of strategies of managing the
operation is illustrated below (Fig. 2).

Fig. 1. Areas for optimizing the efficiency of the
extension of operation:
@ — domain of optimization efficiency of operation
extension;
— domain of parameters of optimization
inefficiency of strategies of operation extension;
— pump cases of the safety related system of the
1st and 2nd nuclear power plant units of
Zaporozhskaya NPP;
— valve cases of safety related system of the 1st
and 3rd nuclear power plant units of Yuzhno-
Ukrainskaya NPP;
@ — cases of the spent-fuel pool of the 3rd and 4th
nuclear power plant units of Zaporozhskaya NPP

RESULTS OF THE DESIGN-BASIS
JUSTIFICATION

Implementation of the offered method of the
efficiency of optimization of strategies of operation
extension was realized for:

pump cases of the safety related system of the 1st
and 2nd nuclear power plant units of Zaporozhskaya
NPP;

valve cases of safety related system of the 1st and
3rd nuclear power plant units of Yuzhno-Ukrainskaya
NPP;

reinforced concrete structures cases of the spent-fuel
pool of the 3rd and 4th nuclear power plant units of
Zaporozhskaya NPP.

Critical parameters of reliability of the cases of the
systems in question: wall thickness of the case J;

sizes of defects found r;

dynamic stresses ¢ on the equipment body at the
maximum design earthquake with an acceleration of the
response of 0.17 g (more than 7 points on the MSK
scale — 64);

quantity of the cycles of heat loading on the body
metal during the transient or accident operation N.
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Fig. 2. Implementation procedure of the method of the efficiency of optimization
of strategies of operation extension

Residual life is defined according to the minimum
of critical reliability parameters of the systems in
question:

AP, =MinAP, (5,8,); AP, (r,T,);

, 13
AP, (0,0, AP, (NN, (13)
where 3, r,, 6, N, — are tolerable values of the wall
thickness of the case, sizes of defects found, voltages
and quantities of periods of loading accordingly.

Tolerable values of critical reliability parameters
were defined according to the design and architect-
engineering documentation of equipment, technical
specifications of normal operation, as well as
according to the known calculated reliance for critical
defect size and voltage on the body systems.
(contained, for example, in [1, 4])

The results of the application of the offered method
of optimization of strategies efficiency of operation
extension are illustrated by Fig 1. Hence, we can give
the following findings:

1. All the robust strategies correspond to the
domain of maximum efficiency of operation extension
of the cases of safety related systems

2. The robust operation life extension for the
valve and pump cases is 10 years, for the cases of the
spent-fuel pool — 13 years

3. Critical parameters of reliability, defining the
residual life of the heat engineering equipment of
safety related systems is the dynamic voltage on metal
on the condition of beyond design basis earthquakes
and the actual quantity of the cycles of loading during
the transient or accident operation.

4. Optimization of test periodicity is one of the
effective approaches to reduce metal degradation/wear
rate of the heat engineering equipment cases [6, 7] of
safety related systems during the beyond design basis

operating period. In this case optimization is
connected with two factors: on one hand test
periodicity of safety related systems needs to be
increased to be able to detect the “hidden”
malfunction, on the other hand the surplus test
periodicity leads to the unreasonable degradation/wear
of the equipment [6, 7]. Therefore this question needs
additional research during the beyond design basis
period, so it will be considered by the authors in the
subsequent publications.

KEY INSIGHTS

1 The original method of the optimization
efficiency of the strategies of operation extension of
the heat engineering equipment of the safety related
systems of nuclear power utilities has been developed.

2 The implementation of the developed method is
realized for on the example of pump cases and
armature of safety related systems, as well as for the
cases of the spent fuel pool of Nuclear power plants
with WWER. It is recognized that the reasonable time
of operation extension for the pump cases and
armature of the safety related systems is 10 years and
for the case of the spent fuel pool is 13 years.

3 The critical reliability parameters defining a
residual life of the cases of the heat engineering
equipment are dynamic metal stresses during beyond
design basis earthquakes and the actual quantity of
loading cycles during transient and accident operation

4. Optimization of test periodicity is one of
effective approaches to reduce metal degradation/wear
rate of the heat engineering equipment cases during
the beyond design basis operating period. These
questions will be considered in the subsequent
publications of the authors.
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ONTUMUBALUA CTPATET U ITPOJAJIEHUSA SKCILTYATAIIMMA CUCTEM,
BAJKHBIX UISA BE3OITACHOCTHU ATOMHBIX CTAHIIUU

B.U. Ckanosyoos, O.A. Yyakun, 10.A. Komapos, T.B. I'aonaa, B.JO. Kounesa

PazpaboTtaH opuTHHANBHBIA METOA ONTHMHU3AIMH S()(OEKTHUBHOCTH CTpPATETHid MPOIJICHUS SKCIUTyaTaluu
TEIUIOTEXHUYECKOTO O0OPYAOBAHMS CHUCTEM, BAXKHBIX I OE30MACHOCTH SIACPHBIX JHEPIETUUCCKUX YCTAHOBOK.
Peanuzainus pa3paboOTaHHOTO METOJA OCYIIECTBIEHAa Ha IpUMepe KOPIYyCOB HACOCOB M apMaTyphl CHCTEM,
HEOOXOIMUMBIX JJIsi Oe30MacHOCTH, a TaKKe KOPIyCOB OacceiHa BBIIEPKKH OTPaOOTaHHOTO SAEPHOTO TOILIMBA
aTOMHBIX 3JekTpocTanmuii ¢ BBOP. VYcraHoBineHo, 4yTO 0OOCHOBaHHBIA CPOK MPOJJICHHUS OSKCILTyaTallud Jis
KOPITyCOB HACOCOB M apMaTyphl CHCTEM, MMEIOIIUX OOJbIIOE 3HA4UeHWe ia Oe3omacHocTH, — 10 meT, a mis
KOpITycOB 0OacceifHa BBIACPKKH OTpaOOTaHHOTO saepHoro TtommBa — 13 mer. Kpurmdeckwe mapaMeTpsr
HAJICKHOCTH, OTIPENIEISIONINE OCTATOUYHBIA Pecypc KOPITyCOB TEINIOTEXHUIECKOTO 000PYIOBaHS, — JTHHAMUYECKUE
HampsDKEHUsT HAa METaUl MPH 3alpOEKTHBIX 3eMIICTPSICEHUSIX U (PaKTUUECKOE KOJIMYECTBO IUKIOB HATPYXKEHHS B
MEPEXOJHBIX W AaBapUHHBIX pexuMax. J[ias CHIKEHUS CKOPOCTH Jerpajallii/M3HOCa MeTajlla KOPIIyCOB
TEMJIOTEXHUYECKOTO O0OPYIOBaHMs B 3alPOCKTHBIN MEPHOJ] IKCIUTyaTallid OJHUM M3 3(PQPEKTUBHBIX MOAXO0JI0B
SIBIISICTCA  ONTHUMH3ANNS TEPHOAUYHOCTH HWCIBITAHUA. DTH BONPOCH OYIYT pPAacCMOTPEHBI B MOCIEIYFOLTHX
myONUKAUsIX aBTOPOB.

ONTUMI3ALIA CTPATET'TH IMPOJOBXKXEHHSA EKCIUTYATAIIT CACTEM, BAXKJIMBUX
JIJISA BE3NIEKA ATOMHUX CTAHIIHA

B.1. Ckano3ybos, 0.0. Uynkin, F0.0. Komapoes, T.B. I'abnasn, B.IO. Kounesa

Po3pobneno opuriHanbHHE MeTO[ onTuMizamii e(pEeKTHBHOCTI CTpaTerii MpOJOBKEHHS eKCIUTyaTarlii
TEIUIOTEXHIYHOTO O0JIaJHaHHS CHCTEM, BaKJIMBHX JJIsI O€3MeKH s/IEpHUX EHEpreTHYHHX YCTaHOBOK. Peamizamis
PO3po0IeHOr0 MeTOy 3JifiCHEeHa Ha MPHKJIAJli KOPITyCiB HACOCIB 1 apMaTypH CHCTeM, HEOOXIIHUX JUIsd Oe3NeKH, a
TaKOX KOpITyCiB OaceliHy BUTPHMKHU BIAIIPAI[bOBAaHOTO SIEPHOrO MajlvBa AaTOMHUX enekTpocTaHuiii i3 BBEP.
YcraHOBIIEHO, 10 OOIPYHTOBAHMH TEPMiH MPOJOBXKEHHS eKCIUTyaTamii sl KOPIyCiB HAacOCiB i apMaTypH CHCTEM,
BaXUTMBUX s Oesmekn, — 10 pokiB, a [ KOpIyciB OaceiHy BUTPHMKH BiINPaIlbOBAaHOTO SACPHOTO IalMBa —
13 pokiB. Kpurnuni napamerpu HaAilHOCTI, IO BH3HAYAIOTh 3AJMIIKOBHH PECypC KOPITYCIB TEIUIOTEXHIYHOTO
obnagHaHHA, — TUHAMIYHI HAIIPyTH Ha METall IPU IO3aMPOEKTHHX 3eMiIeTpycax Ta (akTH4YHA KiTBKICTh IHKIIB
HaBaHTAKEHHS B MEPEXiTHUX 1 aBapiHHUX pexumax. st 3HIDKSHHS IIBUIKOCTI Ierpajanii/3Hocy MeTaxy KopIyciB
TEIUIOTEXHIYHOTO OONagHaHHA B IO3ANPOEKTHUH TMepioj eKcIuryaralii OJHMM i3 e(QEeKTUBHHMX IIAXOMIB €
onTUMi3alis nepioguyHOCT BUIIpoOyBaHs. L{i muTaHHS OyayTh PO3TISTHYTI B HACTYITHHUX ITyOJTiKaIisiX aBTOPIB.



