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The strategies for scheduled tests and repairs of active safety systems (with pumps) established by the
Technological Regulations for the safe operation of NPPs with WWER do not take into account many years of
operating experience and the results of numerous tests of active safety systems, current reliability indicators and the
residual life of the main equipment and other factors. Modernization/improvement of design strategies for scheduled
repairs and tests of active safety systems determines the need to develop appropriate methods for qualification
(substantiation) of modernized strategies. There is presented a risk-informed method for qualifying modernizations
of strategies for scheduled repairs of active safety systems, taking into account experience in operation, scheduled
repairs and tests, as well as the current reliability of the main equipment. The developed method is based on the
following provisions. The determining reliability indicator when qualifying strategies for scheduled repairs of active
safety systems is the safety unavailability factor, which determines the probability of a critical failure at the current
time depending on the critical failure rate established in scheduled tests/repairs over the expired operation life. A
critical failure here means a failure to perform safety functions (for example, failure to turn on a pump, forced
shutdown of a pump due to a violation of operability conditions, leaks in the circuits of active safety systems, etc.).
The qualification criterion to modernize strategies for scheduled repairs of active safety systems is a risk function
that determines the ratio of the safety unavailability factors of the design and modernized strategies for scheduled
repairs of active safety systems. Condition for successful qualification is the safety unavailability factor of the
modernized strategy for scheduled repairs is not greater than the safety unavailability factor of the design strategy
for scheduled repairs. Based on the developed method, modernized strategies for scheduled repairs of active safety
systems of the WWER-1000 reactor were substantiated and the conditions for the applicability of the modernized
strategies were determined.

INTRODUCTION
The relevance of improving/modernizing strategies

ANALYSIS OF LITERATURE
AND FORMULATION OF THE PROBLEM

for scheduled repairs of active safety systems (SRS
ASS) is determined by the insufficient validity of the
regulated (design) SRS ASS, which does not take into
account operating experience, results of scheduled tests
and repairs, residual reliability life and other factors.

SRS ASS  modernization should be of an
optimization nature, since on the one hand, an increase
in the number of scheduled tests and repairs increases
the probability of detecting “hidden” failures and
defects; but on the other hand, an unreasonable increase
in the number of scheduled tests and repairs can lead to
excessive wear of equipment and a decrease in the
residual life for the reliability of safety functions, an
increase in the probability of staff errors, an increase in
the time of scheduled preventive repairs (SPR) and
other negative effects.

To substantiate the modernized SRS ASS for nuclear
power plants (NPP), it is necessary to develop
appropriate qualification methods that take into account
the current reliability of the necessary safety functions,
operating experience, the results of previous tests of
ASS channels at reactor power/during the SPR process,
the number and results of previous repairs, which
determines the relevance of the presented work.
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The work [1] analyses the regulated strategy for
scheduled ASS tests in reactor operating modes at
power at NPPs with WWER. As a result, it was
recognized that the design SRS ASS does not take into
account the current reliability of the safety functions,
experience and test results and other factors. However,
the issues of modernization/optimization of SRS ASS
were not considered in this work.

The work [2] presents a deterministic analysis of the
reliability of SRS ASS pumps during testing in the
reactor operating modes at power and SPR for NPPs
with WWER. However, the issues of
modernization/optimization of SRS ASS were also not
considered in this work.

The work [3] analyses the influence of the number
of tests of thermal-mechanical equipment on wear and
residual reliability life. However, the methods
developed in this work are not sufficiently substantiated
for the qualification of modernization of SRS ASS of
NPP with WWER.

The work [4] presents a risk-informed method for
modernizing the leak-tightness testing strategy for the
containment of NPP with WWER during SPR based on
an analysis of the results of previous tests. However,
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this method is also not sufficiently substantiated for the
qualification of SRS ASS modernization.

The work [5] presents a risk-informed method for
qualifying modernizations of strategies for maintenance,
scheduled tests and repair of NPP safety related systems
based on the analysis of the results of probabilistic
safety analysis of NPP power units. This method
assesses the impact of modernizing the frequency of
tests/repairs of safety related systems on the integral
probabilistic safety indicator of a NPP unit — core
damage frequency (CDF).

However, the dominant factors in CDF assessing are
the probabilities of common cause failures and staff
errors when managing accidents [6]. Therefore, the
CDF value may not be “sensitive” to changes in the
frequency of tests/repairs of safety related systems.

Thus, an urgent issue is the development of a
method for qualifying modernizations of SRS ASS of
NPPs with WWER, taking into account the current
reliability indicators, operational experience and the
results of previous tests/repairs of the ASS equipment,
which determines the main purpose of the presented
work.

METHOD FOR QUALIFYING
MODERNIZATIONS OF STRATEGIES
FOR SCHEDULED REPAIRS OF ACTIVE
SAFETY SYSTEMS

Basic principles of the method are the followings.

1. The determining reliability indicator when SRS
ASS qualifying is the unavailability of the safety
function, which determines the probability of a critical
failure occurring at the current time t depending on the
critical failure A, detected in scheduled tests/repairs over
the expired operation life [7]. A critical failure here
means a failure to perform safety functions (for
example, failure to turn on a pump, forced shutdown of
a pump due to a violation of operability conditions,
leaks in the ASS circuits, etc.).

2. Qualification criterion for the SRS ASS
modernization is the objective risk function R, which
determines the ratio of the safety unavailability factors
of the design and modernized SRS ASS.

3. Condition for successful qualification is the safety
unavailability factor of the modernized SRS is not
greater than the safety unavailability factor of the design
SRS.

4. 1t is assumed that the occurrence of ASS
failures/violations in the reactor operating modes at
power and/or SPR are random (unintentional) events.

With a normal pattern of distribution of random
failures/violations, the CRS safety unavailability at the
time of the current operation life 7' [7]:

POLT) = nR(Tr)At N nmr?((TT))At
0

, 1)
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where ng(t), nma(t) is the number of identified critical
failures/violations during ASS testing at reactor power
and after repair, accordingly; At is frequency of tests in
reactor operating modes at power; ng is number of ASS
repairs over SPR.

Then the condition for successful qualification of
SRS modernization:

P,(LT)<Py(\T), (2
where P, Pp is unavailability factor in the modernized
and design (regulatory) SRS, accordingly.

After transformation (2) taking into account (1), the
condition for successful qualification of the
modernization of the reduction of one scheduled ASS
repair in the criterial form:

1 1
Ky <1-Kpa| —- : 3
T ma[no no+1j @

where the test efficiency criterion in reactor operating
modes at power is

Kr = Aty /Aty . (4)

Quality criterion for maintenance and repair (MRO):
Ny T

K, =—12— 5

m = At ()

where At,,, At is the frequency of ASS tests in reactor
operating modes at power for the modernized and
design (720 h of one ASS channel) SRS, accordingly.

ANALYSIS OF THE RESULTS
OF QUALIFYING MODERNIZATIONS
OF STRATEGIES FOR SCHEDULED
REPAIRS OF ACTIVE SAFETY SYSTEMS

Based on the developed risk-informed method for
qualifying modernizations of SRS ASS, variation
calculations of the conditions for a successful
(acceptable) SRS ASS were carried out for operation
life of 10, 20, and 30 years and MRO quality criteria
from 0 to 360.0 (Table). As a result of calculation
substantiations, three modernized ASB SPRs were
qualified.

SRS-1. Reduction of one repair when the same
frequency of tests at power under conditions:

K, . <10.0; T <10 years. (6)

ma —

K _<240.0; 10<T <20 years. (7)

ma —

K. <360.0; 20<T <30 vyears- (8)

ma —
SRS-2. Reducing one repair when reducing the
frequency of tests at power by half (360 hours) under
conditions:

10.0<K__ <100.0; T <10 years- (9

ma —
SRS-3. Reducing one repair when reducing the
frequency of tests at power by ten times (72 h) under
conditions:

ﬂ<<1.

o (10)
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The results of conditions for qualifying strategies for scheduled repairs of active safety systems

Operation life | MRO quality | Maximum efficiency criterion Modernization strategy for scheduled repairs
T, years criteria Kya for tests at power Ky and tests

SRS-1. Reduction of one repair when keeping

10 0 1.0 .
the design frequency of tests at power

10 120 0.8 SRS-2. Reducing one repair and_ reducing the
frequency of tests at power by 2 times

10 60.0 04 SRS-2. Reducing one repair and_ reducing the
frequency of tests at power by 2 times

10 120.0 <0.0 SRS-3. Reducing one repair and .reducmg the
frequency of tests at power by 10 times
SRS-1. Reduction of one repair when keeping

20 0 1.0 .
the design frequency of tests at power

20 240 10 SRS-l._ Reduction of one repair when keeping
the design frequency of tests at power

20 120.0 10 SRS-l._ Reduction of one repair when keeping
the design frequency of tests at power

20 240.0 10 SRS-l._ Reduction of one repair when keeping
the design frequency of tests at power
SRS-1. Reduction of one repair when keeping

30 0 1.0 .
the design frequency of tests at power

30 36.0 10 SRS-l._ Reduction of one repair when keeping
the design frequency of tests at power

30 180.0 10 SRS-l._ Reduction of one repair when keeping
the design frequency of tests at power

30 360.0 10 SRS-l._ Reduction of one repair when keeping
the design frequency of tests at power

DISCUSSION OF THE RESULTS OBTAINED

The developed risk-informed method allows us to
determine the conditions for successful qualification of
strategies for reducing scheduled ASS repairs based on
operating experience and the results of previous tests
and repairs.

The most suitable for operation is SRS-1, which
allows you to reduce one scheduled repair while
keeping the design frequency of ASS tests when the
reactor is operating at power, and also determines the
possibility of qualifying strategies for a reasonable
increase in the frequency of scheduled tests at reactor
power.

Qualified strategies SPR-2 and SPR-3 are less
relevant for operation, since they determine the
possibility of reducing the number of scheduled repairs
when a decrease in the frequency of tests at power, that
can lead to excessive “wear” and a decrease in the
residual life of the ASS equipment due to an increase in
the frequency of tests.

CONCLUSIONS

1. The strategies for scheduled tests and repairs of
active safety systems (with pumps) established by the
Technological Regulations for the safe operation of
NPPs with WWER do not take into account many years
of operating experience and the results of numerous
tests of active safety systems, current reliability
indicators and the residual life of the main equipment
and other factors. Modernization/improvement of design
strategies for scheduled repairs and tests of active safety
systems determines the need to develop appropriate
methods for qualification (substantiation) of modernized
strategies.
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2. There is presented a risk-informed method for
qualifying modernizations of strategies for scheduled
repairs of active safety systems, taking into account
experience in operation, scheduled repairs and tests, as
well as the current reliability of the main equipment.

3. The developed method is based on the following
provisions. The determining reliability indicator when
qualifying strategies for scheduled repairs of active
safety systems is the safety unavailability factor, which
determines the probability of a critical failure at the
current time depending on the critical failure rate
established in scheduled tests/repairs over the expired
operation life. A critical failure here means a failure to
perform safety functions (for example, failure to turn on
a pump, forced shutdown of a pump due to a violation
of operability conditions, leaks in the circuits of active
safety systems, etc.).

4. The qualification criterion to modernize strategies
for scheduled repairs of active safety systems is a risk
function that determines the ratio of the safety
unavailability factors of the design and modernized
strategies for scheduled repairs of active safety systems.
Condition for successful qualification is the safety
unavailability factor of the modernized strategy for
scheduled repairs is not greater than the safety
unavailability factor of the design strategy for scheduled
repairs.

5. Based on the developed method, modernized
strategies for scheduled repairs of active safety systems
of the WWER-1000 reactor were substantiated and the
conditions for the applicability of the modernized
strategies were determined.
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METO/I KBAJI®IKALIIT MOJAEPHI3ALIE CTPATETIT IJIAHOBUX PEMOHTIB
AKTUBHUX CUCTEM BE3IEKH SIJEPHUX EHEPTOYCTAHOBOK 3 BBEP

B.1. Cxano3yoos, O.M. Bepinos, A.B. Kaniseys, 10.0. Komapos, B.B. Kanoecsa

Bcranosneni TexHonoriynnmu periiamenTamu Oesneuynoi ekciutyaraunii AEC 3 BBEP crparerii nianoBux
BUIPOOYBaHb Ta PEMOHTIB aKTHBHUX CHCTeM Oe3leku (3 HacocamMM) HE BpaxOBYIOTh OaraTopiyHuil JOCBiA
eKCIUTyaTallil Ta pe3yabTaTH YHNCEIbHUX BUIPOOYBaHb aKTUBHUX CHCTEM O€3IEKH, MOTOYHI MOKa3HUKH HAIHHOCTI
Ta 3aJHIIKOBHHA pecypc OCHOBHOTO OONagHaHHSA Ta iHIII (aktopu. MozaepHi3alis/BIOCKOHAICHHS HPOCKTHUX
CTpaTeriil IITaHOBUX PEMOHTIB Ta BUIPOOYBaHb aKTUBHUX CHCTEM O€3eKH BU3HAYAIOTh HEOOXiTHICTh pO3POOICHHS
BIIOBITHUX METOJIB KBamidikamii (0OTpyHTYBaHHS) MOJCPHI30BaHHX cTparterii. HamaHo pu3HK-Opi€eHTOBaHUIA
MeToA KBadidikallii MoJepHi3aIliil cTpaTeTiil IITAHOBUX PEMOHTIB AKTUBHUX CHCTEM OE3IIEKH, IO BPaXOBYE JTOCBIJ
eKCIUTyaTallii, IIAHOBUX PEMOHTIB Ta BHUIpPOOYBaHb, a TaKOXX IOTOYHY HAIiHHICTE OCHOBHOTO OOJaIHAHHS.
Po3pobieHnii METOI IPYHTYEThCS HA TAKUX MOJOKEHHSIX. BU3HAYANBHUMA MOKA3HUK HAMIAHOCTI mpu KBamidikarmii
CTpareriii IJIAaHOBUX PEMOHTIB aKTHBHUX CHCTEM 0€3MeKH — Koe(illieHT HerOTOBHOCTI BUKOHAHHS (DYHKIIIT Oe3meKHy,
10 BU3HAYa€ WMOBIPHICTh BUHMKHEHHS KPUTHYHOI BIIMOBHM Yy JIaHUI 4ac 3aJIe)KHO BiJl mapamerpa iHTEeHCHBHOCTI
MOTOKY KPUTHYHHMX BiZIMOB, BCTAHOBJICHHX Yy TUIAHOBHX BHMIPOOYBaHHSX/PEMOHTAaX 3a TepPMiH ekcrutyatamii. [1in
KPUTHYHOIO BiZIMOBOIO TYT MAa€ThCs Ha yBa3i BiIMOBa BUKOHAaHHS (YHKUIA Oe3nekd (HampuKiIal, BiAMOBa
YBIMKHEHHSI Hacoca, BUMYILIEHE BiJIKJIIOUEHHS HAacoca BHACIIJOK MOPYIIEHHS YMOB Ipane3laTHOCTI, Tedl y
KOHTYpaxX aKTHBHUX cHCTeM Oe3reku Ta iHmi). Kpurepiit kBamidikariii MoaepHi3aIii cTpaTeriii INIAHOBUX PEMOHTIB
AKTUBHHX CHCTEM O€3IeKH — I[iIboBa (YHKIIS PU3HKY, [0 BH3HAYAE CITiBBIIHOMICHHS KOC(IIi€HTIB HErOTOBHOCTI
BUKOHaHHS (YHKIIH Oe3NeKH MPOEKTHOI Ta MOAEPHI30BaHOI CTparerii IUIAHOBHX PEMOHTIB aKTUBHHUX CHCTEM
Oe3mexkn. YMOBH yCIITHOI KBawidikarii — koeilieHT HerOTOBHOCTI BUKOHAHHA (PYHKIIiH Oe3lekn MOIepHI30BaHO1
CTpaTerii IIaHOBUX PEMOHTIB He OUTHINUH 32 KOe(il[ieHT HETOTOBHOCTI NMPOEKTHOI CTpAaTeTii IUIAHOBHX PEMOHTIB.
Ha ocHoOBi po3po0ieHOro MeToy 0OTpYHTOBaHO MOJEPHI30BaHy CTPATETi0 INIAHOBUX PEMOHTIB aKTUBHOI YaCTHHH
CHCTEM aBapiifHOr0 OXOJOKeHHS aKTHBHOI 30HM peakTtopa BBEP-1000, a Takox BH3Hau€HO OOMEKCHHS
3aCTOCYBaHHsI MOJICPHI30BaHOI cTparTerii.
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