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* Start-up

2000 MW =40% of domestic capacity 2000 MBt =40% oTe4eCTBEHHO MOIIHOCTH
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The former maintenance strategy:

 RIigid cycle maintenance

* Rigid cycle system and equipment tests

Crapas cTparerusi pEMOHTA:

* PeMOHT comnacHO KECTKUM I1IMKJIaM

* HcnoeITanus cuctem U 000pYyAOBAHUS IO )KECTKOMY ITHKITY

Introduction of ASME and ASME OM CODE

* Review of cycle times (primarily passive)

* In-service tests (active)

Beeaenue crangaproB ASME u ASME OM CODE

e ITlepecMOTp HUMKINYHBIX IEPHUOAOB (B OCHOBHOM ITaCCUBHBIC)
* HcnoeiTanus Bo BpeMs dKCILTyaTauy (aKTUBHBIC)
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The operational life-time extension required reconsideration of the malntenance
strategy. The hierarchy is as follows:

« Corrective maintenance (run to failure)
« Preventive maintenance, which might be split into two parts
» Cyclic maintenance
» Condition based maintenance, which can be split further:
v" Might be performed during operation
v" Might be performed during shut-down

[IpoaneHue cpoka 3KCIUTyaTallMyd MOTPEO0OBaIo MEPECMOTP CTpaTerMu PEMOHTA.
Wepapxus cieayromas:
* BoccranoBuTeIbHBIN PEMOHT (dKCIUTyaTalys 10 OTKa3a)
* IlpegynpenuTeabHbIN PEMOHT, pa3eiIsieTCs Ha JBE YaCTH
» llukndeckuii peMOHT

» PemoHT 10 TCXHUYCCKOMY COCTOSHHUIO, YTO MOXKHO JAJIbIIC Pa3aCIuTh.
v BrImmosiHsIeMBI€ BO BPCM: OKCIUIyaTallun

v BBINOJIHIEMBIE BO BlieMH OCTAHOBOB 0OJIOKA
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The maintenance strategy consists the following steps:
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1. Creation of equipment groups

The mechanical, electrical and [1&C equipment fulfilling
Identical functions are enrolled into separate groups.

Crparerus 1o peMOHTY COCTOUT U3 CICAYIOIIMUX II1aroB:
1. Co3panue rpynim 000py10BaHUs
K OTJEJIbHBIM rpyImnam OTHECEHO MEXaHNYECKOE,

anekTpuueckoe ooOopynoBanue u KHWIIMA, BbeImogHsIONUE
OJIMHAKOBBIC (DYHKIIHH.
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2. Application of the risk matrix
Purpose: determination of operational risks related to the equipment

group

To be determined:
* Level of the risk caused by the failure
* Frequency of failure occurrence

2. Ucnoyb30BaHue MAaTPHUIIbI PUCKOB
[lenb: omnpeaeeHue HSKCIUTYaTallMOHHBIX PHUCKOB JUISL  TPYIIIBI
000py10BaHUSA

YT0 MOJKHO OBITH ONIPEACIICHO:
*  YpOBEHb PUCKA, BOZHUKIILIETO U3-3a OTKAa3a
* Yacrora nposBICHUA OTKa3a
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From nuclear and
economical consequences
of the failure always the
stricter shall be selected.
It moves X In vertical
direction in the matrix.

The failure frequency
moves X In horizontal
direction.

mym paks nuclear power plant

Risk matrix

Marpuna puckos |

CONSEQUENCE

SERIOUS
CONSEQEUNCE

MEDIUM RISK

MEDICM MEDIUM RISK
CONSEQEUNCE
NEGLIGIBLE
RISK-FREE RISK-FREE MEDIUM RISK
CONSEQEUNCE
CONSEQEUNCE
RISK-FREE RISK-FREE RISK-FREE
FREE
NEVER LOW MEDIUM FREOUENT
FREQUENCY FREQUENCY Q
FREQUENCY

N3 simepHbIX M SKOHOMMYECKUX ITOCJIEACTBHI OTKa3a BCerga BblIOMpaeTcs Ooliee
cypoBoe. B marpuiie nnepeasuract X B BEpTUKAJIHLHOM HaIlpaBICHUH.

YacToTa oTKa3a repeaBuract X B rOpu30HTAILHOM HaIlpaBJICHUM.
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Meaning of the risk levels

= [ Elements of the high risk group are critical from nuclear safety or facility operation
point of view, elements of the group shall operate with maximum reliability, their failure is
practically not allowed.

"  DJIEMEHTHI IPYIIIbI BHICOKOI0 PUCKA SBJISIOTCA KPUTUYHBIMU C TOYKH 3PCHUS SICPHOU
0€30MaCHOCTH WJIM AKCILTyaTalluyd COOPYKEHHUS, JIEMEHTBI 3TOW IPYyIIIbl JOJHKHBI padOTaTh
C MaKCUMaJILHOU HaAC)KHOCTBIO, UX OTKA3 IIPAKTHYCCKH HC JOITYyCKACTCA.

. Elements of the medium risk group are moderately critical from nuclear safety or
facility operation point of view, failure of the group elements lead to significant financial
loss, or significant decrease of the nuclear safety level. Their reliability shall be maintained
on high level.

"  DJICMEHTHI I'PYIIbI CPEeIHEr0 PUCKA SABJISAIOTCS YMEPEHHO KPUTUYHBIMHU C TOYKH 3PCHUS
}I,HepHOﬁ 0€30MMacHOCTH WJIIHN OKCILTyaTallunu COOPYIKCHHS, OTKA3 OTHUX IJJICMCHTOB MOZKCT
IPUBECTH K MATEpPUAIIBHOMY yIIEepOy, WIN K 3HAYUTEIILHOMY CHHM)XEHUIO YPOBHS SIICPHOM
oe3zonacHocTu. Haje:xxHOCTD J10/KHA OBITh OAAEpKaHa HA BLICOKOM YPOBHE.
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- Failure of elements, belonging to the low risk group results in minor economical
loss, or minimum nuclear safety risk. In case of system elements general supervision
shall be assured.

" B pe3yibrare 0TKa3a 3J€MEHTOB IPYIIIbl HU3KOI0 PUCKA BOZHUKAET YMEPEHHbIN
SKOHOMHYECKHM yIIepO WIM MUHUMAJILHBIN PUCK IO SIEpHON Oe301macHoCTH. B
ClIydae 3JIEMEHTOB CUCTEM HEOOXOJUMO 00ECIICUUTh IMMOCTOSHHBIN HA130D.

. In case of elements of the risk-free group it is sufficient to perform maintenance
only in case of failure, since neither safety risk increase, nor loss of production is
anticipated in case of their failure.

" DJIEMEHTHI IPyNNbl 0€3 pUCKa JOCTAaTOYHO PEMOHTHUPOBATh TOJBKO B CIIy4Yae OTKas3a,
BCIAb B CJICACTBHUHN OTKa3a HC BO3HHMKACT HHU POCT PHCKA 6630HaCHOCTI/I, HU II0TCPA
IIPON3BO/ICTBA.
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3. Strategic management

3. YnpasiieHue cTpaTeruu

The strategic management is a hierarchically composed process.
Questions asked at process steps will conduct the investigated
equipment group towards maintenance strategies.

* VYIpaBJIEHUE CTPATETHUU SABJISACTCA UEPAPXUUYECKU IMTOCTPOCHHBIM
poreccoM. Borpockl, MOCTaBIEHHbIE IIPU Ilarax Moporecca,
HapaBJISIIOT  pacCMATPUBAECMYIO TPyHIy OOOpPYIOBAHHUS K
CTPATErUsIM 10 PEMOHTY.

In course of classification procedure the process will give
priority to getting into outmost optimum strategy.

* [lpomecc ynpapiser KiacCuPUKaUend TaKuM 00pa3oM, 4TO JACT

HiiI/IOIiI/ITCT HOHaiaHI/IIO B CaMiIO OHTI/IMaJH)HiIO CTiiaTGFI/IIO.
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It Is important to highlight that the condition based
maintenance is deemed to be more optimal from every point
of view, than cyclic maintenance. The equipment condition Is
regularly checked, however, they are dismantled only If its is
justified.

* BaXHO OTMETUTH, YTO PEMOHT II0 COCTOSHHUIO, CO BCEX TOYEK
SPCHUA CHHUTACTCA OoJtee OIITUMAJ/JIBHBIM, YCM III/IK.]II/I‘IECKI/Iﬁ

PEMOHT. CocTosiHue 000pya0BaHMS pPEryJISIPHO
KOHTPOJUPYETCS, U pa3dopKa MMEET MECTO TOJIBKO €CIIM 3TO
ONpaBIaHo.
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Equipment
classification
pProcess

Ilpouecc
KJaccH(puKaAIuu
00opy10BaHM

_ e (manitoring need) _

Risk classification of equipment Ne rick

Strategic r r
Yupasienue cTp:

®

group (based on the risk matrix)
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Primary
circuit make-
up water

pump

Hacoc
IO TOYHOU
BOJIbI IIEPBOIO
Low risk Condition based maintenance
KOHTypa » [normal operation states)

Does a failure alerting
measuraable indicator exist?

it possible the corrective
maintenance during
operation?
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Low
pressure

ECCS
puMpS

Hacoc CAO3 High risk
HHU3KOTO

Yes No
Can be geta ) ) ible? o) 'S
HaBHeHHH performance Vas uring the required Accessible:
parameter, which the o] system f_untl.onallty Can be provide by the technical conditions? ® i
equipment failure time: ) )
Can be inaoperable for maintenance? ) e

predicted

Maintenance Strategy
Condition based maintenance
(shut down)

No o at least one answer is no
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Pressure line
check valve of
low pressure
ECCS pump

OOparHbIi
KJ1allaH Ha
HAIlOPHOU
JIMHAY Hacoca
CAQO?3 HHU3KOTrO Risk level Mo risk > Run to failure
JTABJICHUS
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By means of this methodology the risk matrix based
criticality of a given equipment group might be
determined, and afterwards, by means of an established
question group the optimum maintenance strategy for the
equipment group Is achieved.

JlaHHass METONOJOrUsl MO3BOJACT OIPEACIUTh HAITUYNE
KPUTUYHOCTHA TPYIIbl 000PYAOBaHUA B COOTBETCTBUU C
MATPULIEX PHUCKOB, UYTO IIO3BOJISIET 3aTEM OIIPEIACIUTH
OIITUMAJIbHBIM THUII CTPATErMd PEMOHTA JJIs JTAaHHOU
rpynIibl 00OpyIOBaHUA.
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Attention shall be turned, that this method is focusing only on the
primarily function, and independently from it different level
maintenance  programs (cyclic operational, maintenance
Inspections, greasing, surveillances) shall be also operated.

Heo0xoaumo NpuHSATE BO BHUMAHUE, YTO 3TO OTHOCHUTCS JIMIIb K
NepBUYHOM  (PYHKIIMM, BHE€  3aBUCUMOCTH  OT  DTOIO
pa3padaThIBAlOTCd HEOOXOAWMBIE K BBIIIOJHCHHUIO IPOrpaMMBbl
PEMOHTA pa3HbIX YPOBHEM (IUKIMYECKHE HKCILIyaTallMOHHBIEC,
PEMOHTHBIC IIPOBEPKH, CMa3Ka, UCIILITAHNS).
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The results indicate that the presently used, mainly rigid cycle maintenance could be
significantly — by certain estimates in 10 to 40% - replaced by means of appropriate
monitoring techniques. The result will appear not only in reliability of equipment, but also
enormous advantage is provided by availability of the equipment and by additional benefits.
Decrease of the works related to unnecessary maintenance (sectioning, drainage, deaeration,
etc.) as well as decrease of the collateral risks and hazards (radioactive wastes, electrical
and mechanical work accidents, etc.) also forecast significant benefits.

Pesynbrarbl MOKa3bIBAKOT, YTO HCIIOJB3YEMBIM B HACTOSIIEE BpEMs, ONMPeNdeJCHHBIN HA
OCHOBE KECTKHMX IHUKJIOB, 00béM PEMOHTHBLIX PAa0dOT MOXET OBITh 3HAYUTEIBHO — TIO
HekotopbiM nojicueraM Ha 10-40% — cokpamén 3a cuer BBEACHHUS COOTBETCTBYIOIIETO
MOHMUTOPUHTA. Pe3ynbTarsl MPOSBISIOTCS HE TOJIBKO B HAJEKHOCTH OOOpYy/IOBaHUS, HO U B
MOKa3areyisix TOTOBHOCTHM K pabdoOTe CHUCTEM, a TakKke M B JAPYTHX COIYTCTBYIOIIUX
PUBUJICTUSIX, YTO 0OOPAYNBAETCSI 3HAYUTEIILHBIMU BBITOJIaMH.

biarogapsi oTkazy OT paOOT, CBSI3aHHBIX C HW3JIUIIHUMM PEMOHTAMM (0Oecmouusauue,
OpeHuposatue, 6030yxoyoaienue u m.0.), a TaKKe CHIDKCHHIO PHCKOB U OIIACHOCTH,
CONPSKEHHBIX C ATUMM pabOTaMU (paduoaxmueHbvle Omxoovl, mpasMamuzm npu paoome c
AIEKMPUUECKUM, MeXaHudeckum obopyoosanuem u m.0.) OXUJACTCA 3HAYUTEIHHOC
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