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When nuclear power plants safety systems’ thermal equipment operation extending, a necessary requirement
shall rely on revising the scheduled equipment tests frequency to optimize those tests schedule taking into account
the equipment’s remained lifespan. On the one hand, there exists a need for tests frequency increase to detect
“hidden” failures, and on the another, frequent tests cause a premature wear of the equipment. Proposed is an
original method for optimizing the frequency of NPPs safety systems’ thermal engineering equipment testing.
Essential in the proposed method is the optimization criterion chosen: index of security system failure probability
non-exceedance during the beyond-design operating period as referred to the failure probability expected
considering the equipment residual resource during the design operating period. The developed method
implementation when applied to NPPs safety systems operated beyond the design service life at nuclear power
plants with WWER-1000 series reactors, allowed to establish that the optimal tests frequency makes half the
designed one when the equipment service life is extended by five years and three times less that the designed

frequency when subject lifespan extended by 10 years.

INTRODUCTION

The nuclear power plants safety systems (NPP SS)
are operated in a mode of readiness to actuate assigned
safety functions once the emergency event arisen. To
confirm the security function reliable readiness the
project design and NPP SS technological regulations for
safe operation provide periodic SS tests both during
reactor regular operation, and while NPPs power units
scheduled repairs [1, 2].

However, the SS planned tests periodicity,
established under project design instructions, is
determined without sufficient grounds, based mainly on
intuitive approaches. The planned frequency of testing
established should be optimal: on the one hand, there
exists a need for tests frequency increase to detect
“hidden” failures or defects, and on the another, the
tests excessive frequency cause a premature wear of the
SS equipment with corresponding decrease in the safety
function reliability.

An analytical review of well-known studies on
optimization of tests scheduling, maintenance and repair
of systems important for safety during the NPP design
lifespan is given in [1, 3].

Below exposed peculiarities in optimizing the SS
tests periodicity during the NPPs extended lifespan are
as follows [4].

1. Predominantly the operated equipment is already
at the beyond-design service life stage. Therefore,
measures to extend the operational span include a
survey of that equipment technical condition to estimate
the remaining service life by its technical condition
determining parameters.

2. During the equipment operation period, a
considerable experience has been accumulated on the
evaluation of SS tests design periodicity effectiveness. In
particular, at Ukrainian reactors with WWER-type
reactors, a high SS reliability along with practically poor

tests efficiency at most cases are established.

Thus, the questions of optimizing the SS tests
periodicity when NPPs extended lifespan being of high
relevance we enterprised this subject research belo
summarized.

MAIN PROVISIONS GROUNDING THE
METHOD TO OPTIMIZE THE SS
TESTING PERIODICITY WHEN SUBJECT
EQUIPMENT SERVICE LIFE EXTENDED

1. The optimisation criteria (condition) adopted:
non-exceedance of SS failure probability in the beyond
design service period P; (failures caused by the assigned
security functions degradation /aging processes at
standby readiness modes and processes of deterioration
during thermal equipment tests) over the probability of
failure according to the design lifespan residual resource
Py:

P <PF. 1)

2. The optimization parameter here is the periodicity
(frequency) of SS scheduled tests when the reactor
regular operation at a power f; that satisfies the
optimization condition (1).

3. The probability of residual resource failure
according to the design lifespan is determined by the
ratio between the SS equipment loading cycles number
during the design lifespan Ny and the design-permissible
number of loading cycles according to technological
regulations for the NPPs safe operation N, [5]:

Py =—C. (2)
For SS in the functional readiness mode, the
equipment loading cycles number is determined by the

scheduled tests periodicity f, within the design service
period Ty:
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4. The SS failure probability in the beyond design

operation period depending onto the time T, is caused by

aging / degradation and deterioration of equipment during
tests and can be defined as

(4)

where A — failure probability per one unit of time (failure
due to SS thermal equipment aging/degradation); P, —
probability of failure due to wear during a single test
performed; f; — tests periodicity in the beyond design
operation period which duration is T; (optimization
parameter).

Taking into account expressions (2)—(4), the optimization
condition (1) gets the following form:
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The optimization parameter defining region:
0<tict. (6)
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The planned tests periodicity during the design period of
operation f, and the permissible loading cycles number N,
are determined by the technological regulations for the NPP
safe operation (for example, [2]).

The designated operation extension period T,, thermal
equipment failure probability P, and A are determined by
the operational experience analysis results (including
similar equipment), as well as design documentation for SS
components (for example, [6]).

ANALYSIS OF CALCULATION RESULTS

The results of optimal values regions calculations for
the SS thermal equipment tests periodicity when extended
operation periods varying (from 1 up to 30 years) and
reliability indicators varied are shown in Figure.
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To determine the probability of failure due to thermal
equipment aging/degradation, A, we used the traditional
exponential distribution, such selection being completely
justified for heat and power engineering equipment [1-4].

From the results shown in Figure, following
conclusions can be drawn:

1. The increase in the extended operation duration
at the equipment’s certain reliability indicators values
leads to a decrease in the SS tests periodicity optimum
values during the beyond-design service period.

2. Increasing the reliability (or reducing the
probability of failure due to various reasons) leads to the
expansion of optimal test periodicity regions.

3. Under probability of failure due to wear during
testing less than 107 advisable is to maintain the SS
tests design-scheduled periodicity.

The developed method was used to extend
operational lifespan of NPPs at WWER-1000/V-320
series power units (1% and 2™ units of the Zaporizhzhya
NPP) in order to optimize the SS field testing
frequency:

Systems of the reactor core emergency cooling by
low-pressure pumps (ECCS LP);

Systems of the reactor core emergency cooling by
high-pressure pumps (ECCS HP);

Systems of emergency and auxiliary steam generator
feeding with power pumps (ESFP, ASFP).

The WWER-1000/V-320 project provides a three-
channel redundancy for each ECCS HP, ECCS LP,
ESFP and ASFP system. At that, each channel is
sufficient to perform the assigned safety functions.

The structure of each channel at the above
mentioned SS includes the following thermal
equipment: pump, shut-off and control valves, heat
exchangers.

Conventinally the reliability indicators were
determined by the SS channel’s least reliable element,
i. e. pumps. The pump failures probability was assessed
by the analysis of their operational experience/technical
passports/statistical data as to the similar equipment
from the “System Analysis” section of the Safety
Analysis Reports for WWER-1000/V-320 series power
units.

The tests design frequency established under
regulatory norm for each SS channel SB is once a
month when the reactor is regularly operated.

The averaged design-based justifications results for
ECCS HP, ECCS LP, ESFP and ASFP of Zaporizhzhya
NPP 1% and 2" power units are shown in Fig. 1. These
results allow concluding that when beyond-design
operation period is five years the optimal testing
frequency for each SS channel will be one test in two
months (half the design periodicity), and when the
design lifespan extended for 10 years, it changes into
one test per three months (three times less than the tests
design periodicity).

MAIN CONCLUSIONS

1. When extending the nuclear power plants safety
systems’ thermal equipment operational life, necessary
is to revise the planned tests periodicity by optimizing
schedules taking into account the equipment remaining
lifespan. On the one hand, required is to increase tests
frequency to detect "hidden" failures, still on the other
hand, frequent tests involve the equipment’s premature
wear.

2. Proposed is the original method for optimizing the
nuclear power plants safety systems’ thermal equipment
tests frequency.



The proposed method relies onto the optimization
criterion of the security system failure probability during
the beyond-design operation period non-exceedance
above the probability of the equipment residual resource
failure during the design operation period.

3. As a result of the developed method implementation
while WWER-1000 series reactors nuclear power plants’
safety systems extended operation, it has been established
that the optimum test frequency is half the design-based
one when the service life is extended by five years and
three times less the design-based when such extension
augments to 10 years.
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HNEPEHA3ZHAYEHUE NEPUOJUYHOCTHU PETJIAMEHTHBIX UCHBITAHUW CUCTEM
BE3OIMACHOCTH SJIEPHBIX SHEPTETUYECKUX YCTAHOBOK B 3AITPOEKTHBIN
HEPUO/ SKCIINIYATAIIUN

B.U. Ckanozyoos, U./1. Ko3nos, O.A. Yyaxkun

[lpn npoieHMM OKCIUTyaTallMyd TEIUIOTEXHUYECKOro OOOpyAOBaHMSI CHCTEM O€30MacHOCTH  SICPHBIX
OHEPreTUUECKUX YCTAaHOBOK HEOOXOJMMO IEPEeCMOTPETh IIEPHOJUYHOCTh IUIAHOBBIX HCIBITAHMH MyTeM HX
ONTUMM3ALMY C Y4ETOM OCTaTOYHOIo pecypca obopynoBaHus. C OgHOW CTOPOHBI, HEOOXOAUMO YBEIHMYHBAThH
9acTOTy HCHBITAHUI A BBISBIEHHUS «CKPBITBIX» OTKa30B, a C APYrOM CTOPOHBI, YacCThIC HCIBITAHUSA NPHUBOAST
K IPEKAEBPEMEHHOMY H3HOCY 00opymoBanus. IIpennoskeH OpUrHHAIBHBIA METOJ| ONTHMHU3AIMU MEPUOAUIHOCTH
WCTIBITAaHWH TEINIOTEXHUYECKOTO O00OpYNOBaHUsS CHCTEM O€30MaCHOCTH SAIEPHBIX SHEPreTHYECKUX YCTaHOBOK.
B npeanoxeHHOM MeTOe KpUTEpUi ONTUMHU3ANN — HETIPEBBIIIEHNE BEPOSTHOCTH OTKa3a CHCTEMBI 0€30MacHOCTH
B 3aIPOCKTHBIH TEPHOA SKCIUTyaTallMK 110 OTHOLICHUIO K BEPOSTHOCTH OTKa3a II0 OCTaTOYHOMY pecypcy
000pyIoBaHUs 3a MPOSKTHBIH TIEpUOJ] IKCIUIyaTalud. B pesynpTare NmpuUMEHEHMs pa3paOoTaHHOTO MeToja HpHU
MPOJUICHUN SKCIUTYaTallMl CHCTEM O€30ITaCHOCTH SIAEPHBIX YHEPIeTHUSCKUX YCTAHOBOK C CEPUHHBIMU PEaKTOPaAMHU
tunia BBOP-1000 ycTtaHOBI€HO, YTO ONTUMalIbHAs IEPUOJUYHOCTh UCIIBITAHUHI B J1Ba pa3a MEHbIIE MPOEKTHON MPpHU
NPOJUICHUH CPOKA SKCIUTyaTaIl[MK Ha ISTh JIET U B TPU pa3a MeHblIIe — IpH npo yuieHny Ha 10 ser.

HEPEIIPU3HAYEHHS HEPIOAUYHOCTI PETJIAMEHTHUX BUIIPOBYBAHb CUCTEM
BE3NEKH AJAEPHUX EHEPTETUYHHUX YCTAHOBOK B MO3ANIPOEKTHUM MEPIO/I
EKCILTYATAIII

B.I. Cxanoszyoos, H.JI. Ko3nos, 0.0. Uynkin

[lpyn mnoJoBXKeHHI eKcIuTyartalii TeIUIOTEeXHIYHOro OOJaJHaHHsS CHCTeM O€3IEeKH SIEpPHUX EHEepPreTHYHUX
YCTaHOBOK HEOOXiJHO MEePEryIsiHyTH MepioJHYHICTh IUIAHOBUX BUITPOOYBaHb HUISIXOM IX ONTHMI3alil 3 ypaXyBaHHIM
3aJIUIIKOBOTO pecypcy obyagHaHHs. 3 0HOT0 OOKY, He0O0XiTHO 301IBIITyBaTH YaCTOTY BUIPOOYBaHb ISl BUSIBICHHS
«IIPUXOBAaHMX» BIZIMOB, a 3 1HIIOTO OOKY, 9acTi BUIPOOYBAaHHS MPHU3BOIATH JI0 TIEPEIIACHOTO 3HOCY YCTaTKyBaHHS.
3anponoHOBAHO OPHWTIHAIBHUN METOJ ONTHMIi3alii MepioJUYHOCTI BHUNPOOYBaHb TEIUIOTEXHIYHOTO OONagHAHHS
CHCTeM O€3MeKH SACPHUX CHEPTeTHYHUX YCTAaHOBOK. Y 3alpOIIOHOBAaHOMY METOIi KpHUTepid omTumizamii -
HETIepeBUIICHHS HMOBIPHOCTI BiZIMOBH CHUCTEMH O€3MEKH B 3alPOEKTHHUX NEpioj eKcIulyartalii 110 BiJHOIIEHHIO 10
HMOBIPHOCTI BiZIMOBHM MO 3aJIMIIKOBOMY pecypcy oONaaHaHHS 3a NMPOEKTHUI mepiox ekciuryaranii. B pesynbrarti
3aCTOCYBaHHS PO3POOJICHOIO METOJY IpPH IOJOBXKEHHI EKCITyartalii cucTeM Oe3NeKH sIEpHUX EHEpPreTHYHUX
YCTaHOBOK 3 cepiiiHumu peaktopamu Ty BBEP-1000 BcTaHOBIICHO, 110 ONTUMAIbHA TIEPIOIMYHICTS BUITPOOYBaHb
y JIBa pa3d MEHIIA IPOEKTHOI NPH ITOJIOBXEHHI TEPMiHY eKCILTyaTalii Ha M'sITh POKIB Ta B TPU pa3d MEHIIA - IpU
nozoBxeHHi Ha 10 pokiB.



