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AHHOTAUMA

BBeageHue. Ha Bcex cTagmsax XM3HEHHOrO LMKIA aTOMHbIX anekTpocTaHumin («Pa3melueHune», «lpoektupoBaHuey», «Co-
opyxeHuey», «JkcnnyaTtaumay u «BbiBoa 13 aKkcnnyaTaummy), CyLecTByeT GOnbLIOE KONMYECTBO pasfnyHbIX PUCKOB, BMK-
SOLWMX Ha 6e30NacHOCTb, CPOKM N CTOMMOCTb PaboT Npu nx peanu3auuun. [Ins npoeKkToB aToMHbIX anekTpocTaHumuin (ASC)
Ha CTagusix XXM3HEHHOrO LMKNa CyLLecTBYeT MHOXECTBO HeONpeaeneHHOCTEN, KOTopble TPaHCHOPMUPYIOTCA B MPOEKTHbIE
pVICKM, Takue Kak TeXHomnornyeckne, MHaHCcoBbIE, a TakKe PUCKW, CBSI3AaHHbIE C LIMKIIOM paMoaKTUBHBIX OTXOA0B 1 Apyrue.
YnpasneHue puckamv He06Xo04MMO Ans YCMELLHOW peanv3auym NpoeKTOB aTOMHbIX 3MEKTPOCTaHUMNA.

Matepuansi n metofbl. [p1BOANTCS aHanNU3 PUCKOB Ha XM3HEeHHOM uukre ASC HeCKONbKMMU MeTogamu: MaTpuua oueH-
Kv puckoB 1 meTog MNapeTo. NaeHTudukaums n oLeHka pUCcKoB BbINONTHEHbI METOAOM 3KCMNEPTHON OLIEHKMN U C UCMONb30Ba-
HMEM Hay4YHOWN NuTepaTypbl.

Pesynkrathbl. [1o pesynsratam NnpoBeeHHOro aHanvaa BbISBMEHb! 1 ONvcaHbl MPENMyLLEeCTBa U HEAOCTaTKU METOA0B MHOTO-
KpuTepuarnbHOro aHanuaa npumeHuTenbHoO k oobektam AQC. [insa 6onee rnybokoro aHanusa pMcKoB Ha OCHOBE AaHHbIX, MO-
NyYeHHbIX B pe3yrbrate SKCNepTHOM OLIEHKM, MPeariokeH MeTo pacnpeaerieHunsi B3BELLEHHOCTY prcka Mo (haktopam, a Takke
npeacTaBrneHbl rpadmnyeckne n3odpaxeHnst aHanmnsa BNusiHUS BbISIBIIEHHLIX PUCKOB MO CTaAMAM XM3HeHHoro uukna ASC.
BbiBogbl. OCHOBHasi Lenb ynNpaBneHnsi pyuckamm COCTOUT B CHXKEHUM 6a30Bbix NokasaTenem, Takmx Kak CTOMMOCTb, CPOKM
1 [ONrOBEYHOCTb NMpu 6e3ycrnoBHOM obecneyeHn 6e30nacHOCTU Ha BCEX CTaAMsAX XXU3HEHHOTO LMKna.

KIMKOYEBBIE CITOBA: ngeHTudmKaumns puckoB, ynpasneHme puckaMmu, peectp puckoB, aHann3 puckoB, PUCKU Ha CTagmsx
XusHeHHoro uukna ASC, metop MapeTo, MeToa 3KCNepTHOW OLEeHKV PUCKOB
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ABSTRACT

Introduction. At all stages of the life cycle of nuclear power plants (“Deployment”, “Design”, “Construction”, “Operation” and
“Decommissioning”), there are a large number of different risks affecting the safety, schedule and cost of their realization.
For nuclear power plant (NPP) projects at the life cycle stages there are many uncertainties that are transformed into project
risks such as technological, financial, and radioactive waste cycle risks and others. Risk management is necessary for
successful implementation of nuclear power plant projects.

Materials and methods. The article analyses risks in the NPP life cycle by several methods: risk assessment matrix and
Pareto method. Identification and assessment of risks are carried out by the method of expert evaluation and with the use
of scientific literature.

Results. Based on the results of the analysis, advantages and disadvantages of multi-criteria analysis methods with respect
to NPP facilities are identified and described. For more in-depth risk analysis on the basis of the data obtained as a result
of expert evaluation, the method of risk weighting distribution by factors is proposed, and graphical representations of
analyzing the influence of identified risks by stages of NPP life cycle are presented.

Conclusions. The main objective of risk management is to reduce baselines such as cost, time and durability while
unconditionally ensuring safety at all stages of the life cycle.

KEYWORDS: risk identification, risk management, risk register, risk analysis, risks at NPP life cycle stages, Pareto method,
method of expert risk assessment
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BBEJIEHUE

CoracHO IPUHATOMY OTNPEAEIECHUI0, PUCK — ITO
COYETAaHNE BEPOSTHOCTH M MOCIECACTBIN HACTYILICHUS
HeOJIaroNpUsTHBIX COOBITHH.

HeompeneneHHOCTS OTHOCUTENIBHO TOTO, YTO TIPO-
M30UJET B OMIDKaMIIeM WU OTHAIICHHOM OyayIleM,
cunTaeTCsA pUCKOM cama 1o cebe. HeompeneneHHOCTRIO
MOYKHO CYUTATh OTCYTCTBUC MH(POPMAIIHU, HEOOXO M-
MO /17151 yueTa BceX (aKTOpOB, BIUSIONINX HA JKU3HEH-
Hbli 1uKI npoekta ADC. Cxema ynpaBleHUsl pUCcKaMu
npescTaBieHa Ha puc. 1.

IlepBBIM 1IaTOM B YIPaBICHUM PHCKAMH SIBIISCT-
Cs BBISIBJICHHE BCEX BO3MOYKHBIX PHCKOBBIX COOBITHIA
i uneHtudukanus [1]. Lenpro uaeHTHGUKAIMHA PH-
CKOB SIBIISICTCSI paHHEE U HETPEPHIBHOE BBISIBICHHUE CO-
OBITHH, KOTOPBIC MOTYT OKA3aTh HETATUBHOC BIIVSTHHC
Ha JOCTIXEHHE 11ejel nmpoekTa [2]. [IpuanHbI BO3HHK-
HOBCHUS PUCKOBBIX COOBITHII MOTYT OBITH KaK BHEIII-
HUMH, TaKk ¥ BHyTpeHHNMH. [Iponecc naeHTuGUKamm
PHUCKOB, BIHSIONIUX HA JKU3HCHHBIN UK aTOMHBIX
AIEKTPOCTAaHIIUM, HaUMHas co ctaauu «PasmenieHus
o cTaauu «BBIBOI U3 dKCIUTyaTaluuy U yIpaBICHUS
MU, SIBISCTCS CIOKHBIM M JUTUTEIBHBIM, TIOCKOIBKY
HETPEPBIBHO MPOJIOIDKACTCS 00JIee BOCBMUICCSTH JICT.
B nanHoOli cTarbe WACHTHPUITMPOBAHBI Hanbosee 3Ha-
YHUTEIBHBIC PUCKH, OKA3BIBAIOIIHC BIUSHIC HA )KU3HCH-
veii 1uksr ADC. JlanHable 00 HISHTHPUITUPOBAHHBIX
pHUCKax 3aHOCSTCS B PEECTP PUCKOB.

O030p auTEPATYpPhHI

B Poccun B 2011 1. 6611 m3nan FOCT P UCO/
MD3K 31010-2011", KOTOpHIi HICHTHYCH MEKTyHAPOI-
HOMy cTaHaapty®. B cranmapre comepxkurcs 31 meron
OLIEHKHU PUCKOB. Takxke B TOKyMEHTE NPHUBEICHO OIH-
caHue (haKTOpOB, BIMSIONINX HA BEIOOP METO/A OLICHKU
pHcKa. BOIBIIMHCTBO METOAOB MO3BOJISIOT MOIYYUTh
KOJIMYECTBEHHbIEC OLEHKU puckoB [3]. Tem He MeHee
B HAyYHOH JIUTEpaType HE TaK MHOTO MCCIEIO0BAHMIA,
B KOTOPBIX I'TyOOKO M3y4aroTcsi (haKTOpHI, JeKaIIne
B OCHOBE BO3HHMKHOBCHUS PHCKOB Ha )KN3HEHHOM IIH-
ke ADC, 4To 00yclaBIMBaeT akTyalbHOCTb JAHHOTO
nccnenoBanms [4-6].

B paborax aBropos [7, 8] Obu1a J0Ka3aHa BO3MOXK-
HOCTb M HEOOXOIMMOCTD BBISIBIICHUSI, OLICHKH U YIIpPaB-
JICHUs] PUCKaMU Ha *KM3HEHHOM LIMKJIE aTOMHBIX 2JIeK-
TPUYECKUX CTAaHLUH.

J1s TakuX CIOXKHBIX NMPOEKTOB, KaK aTOMHBIE
3NEKTPOCTAHIINH, CYIIECTBYET MHOXKECTBO PA3IMUHBIX

'TOCT P UCO/MDK 31010-2011. MeHemkmeHT pucka. Me-
TOJIBI OLICHKH PHCKA.

2 UICO/MDK 31010:2009*. MeHeqKMEHT pucKa. MeTombl
OLICHKH PHCKa.

(haKTOpOB, KOTOPHIE MOTYT HOBIHATH HA UX )KU3HCHHBIN
uuki. [loatomy npouecc npuHATHS PELIEHUN Il KOH-
TPOJISI PUCKOB CUUTAETCS CIOKHBIM. DaKTOPHI, TaKUe
kak bromxker, Bpems, be3onacHOCTh U 10JATOBEYHOCTb,
SIBIISTFOTCSI OTHUMU U3 OCHOBHBIX TSI dKU3HEHHOTO ITHK-
J1a aTOMHOM 3JIEKTPOCTAaHLUH, IOCKOJIbKY OHHM UIPaIOT
pelaronlyo pojb Ha BCEX dTanax KU3HEHHOTO UK
ADC. Cnenyer OTMETHTB, YTO YHCIIO OCHOBHBIX (ak-
TOPOB MO YCMOTPEHHUIO IKCIEPTOB, OTBETCTBEHHBIX
3a oleHKy coctossHust ADC Ha ONpeeIeHHOM JTare,
JUTS KQKJI0TO YHUKAITFHOTO MTPOEKTa MOXKET OBITH O0JTh-
IIIe WJIM MEHBIIIE TIepeUncIICHHBIX. MOTyT OBITH 100aB-
JIEHbI HOBBIE PUCKH K IIPUBEICHHOMY PEECTPY PUCKOB
WJIM UCKITIOYEHBI, B CITydae €CJIM OHU YCTPAHEHBI.

MATEPHAJIBI U METO/JAbI

WnenTnduxanis 1 OIeHKa PHCKOB BBHITOITHECHBI
METOZIOM SKCIIEPTHOH OIEHKH [§] M ¢ MCIOIh30BAHH-
€M Hay4HOW JuTepaTypbl. JlaHHBIE O BEPOSTHOCTH
U BIMSHUHU PUCKOB OMNpEeNeHbl HKCIIePTaMU U CHEIH-
aJUCTaMH B 00JIACTH aTOMHOW HEPreTHKH. I10CKOIBKY
MpOoIecC YIPaBICHHUS PUCKAMH M IPUHATHS PEIICHUN
SIBIISIETCST CIIOKHBIM, TaK KaK HEOOXOIMMO YUUTHIBATh
MHOKECTBO B3aUMOCBSI3aHHBIX ()aKTOPOB, PACCMOTPHUM
MPUMEHEHHE METOJI0B, OOJIErYaloNIUX STOT MPOLECC:
metop [Tapeto [9] m maTpuiry onenku puckos [10, 11].

Ha ocHoBe maHHBIX TIpOBEIEH aHATHU3, BBISBIC-
HBl ¥ OMHCAaHBI IPEUMYIIECCTBA U HEJOCTATKH METO-
JIOB MHOTOKPUTEPHUAIBHOIO aHAJIN3a NPUMEHUTEIBHO
Kk oobexram ADC.

PE3YJIBTATHBI HCCIEJOBAHMUSA

NnenTudpukanus puckos

WUnentuduxanus pUCKOB JOKHA HAYUHATHCS
C OIIPEICIICHHS TUITA PHCKA 1O o0nacTy BustHUS [ 12, 13]
(HOpPMaTHBHO-TIPABOBBIE, TEXHUUYECKUE, SKOHOMUYECKHE
u Tak jpanee). MaeHTuukanmuo puckoB He0OX0IUMO
MIPOU3BOAUTH s Kaxaoil ctaauu XKL ADC meromom
JiekoMro3uiuu [ 14], BBISBIISS CHa4asla OCHOBHBIE, a 3a-
TEM pacKJajblBas UX Ha COCTABIISIIOIINE DJIEMEHTbl —
cyOpucku. Takoii Mojxo/ MILTIOCTPUpPYETCst Ha puc. 2.

B pamMkax maHHOTO HCCenOBaHMS ObUTH WICHTHU-
(huIIpoBaHB! OOJBIIMHCTBO OCHOBHBIX PHCKOB, BIHS-
romux Ha XKL ADC ¢ nomoIupio 3KCnepTHON OUEHKH
Y aHaJIN3a JTUTEPaTyphl.

JlaHHbBIC, MONYYCHHBIC OT IKCICPTOB B 00JIaCTH
ATOMHOM SHEPTeTHUKH, HUMEIOT MPAKTUICCKYI0 3HAYH-
MOCTB ¥ MOTYT OBITH HCITOJI30BAHBI TSI MOHUTOPHUHTA
1 YIIPaBJICHUS PUCKAMH [IPOEKTA MOCIE UX BbISBJICHMUSL.
[Tnardopma ynpasieHus )XU3HEHHBIM IUKIOM ADC,
npeiokeHHas aBTopamu [15, 16], conepxut 16 dak-
TOPOB, CIIOCOOHBIX MOBIHATH HA KU3HEHHBIN ITHUKII
ATOMHOM 3JIEKTPOCTaHIUU. TakuM 00pas3om, mporece
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[penBapuTenbHas HICHTH(OUKALHS
puckos XI[ ADC

OxoHuaTeNbHBI| BEIOOP
puckos Ha stanax XL ADC

Pa3paboTka aHKeTHI BOIIPOCHHKA

OueHKa pucKa: 3KCIepTHBIH METO

1 stan
Wnentndurkanus Bcex
puckos Ha XKL ADC

U

OT160p HanboJsee OMacHBIX PUCKOB
HPH TIOMOLLM MaTpHULbl PUCKOB

2 stan
OueHka, BEIOOP PHCKOB

Ouenka Beca pucka

U

AHanu3 puckoB

Pesynbrar

3 atan
OlLieHKa MOJICNIH, aHaIU3

A 4

Puc. 1. Cxema ynpaBieHust pucKkaMH Ha )nu3HeHHOM ukine ADC

MUHUMU3AIUN PUCKOB SIBIISIETCS YCIOBUEM CYIIECTBO-
BaHus npoekTa ADC, yeM O0JIbIlle BHUMAHHS CO CTOPO-
HBI IIPOCKTHON KOMaH/IbI OyICT YACIATCS HICHTH(U-
KaI[M{ PUCKOB, TEM MEHbIIIC BIHUSHUs Oy/IyT OKa3bIBaTh
9TH PUCKH B T€UEHHUE Ku3HEHHOTO 1rKiIa ADC.

Amnanu3 puckos MmerogoMm Ilapero

OCHOBHOI 3aa4ell yNIpaBIeHUs] pUCKaMH IIPOEKTa
SIBIISIETCS] CHIDKEHNE BEPOSITHOCTH U BO3JCHCTBHS Ha LIENH
MPOEKTa HEONArOMPHSTHBIX COOBITHI U MOBBILIEHNUE BEPO-
STHOCTHU 1 BO3/ICHCTBHS OJIarONPHATHBIX COOBITHH.

ITepBBpIM IIaroM [Uist aHaIN3a PUCKOB SBISAETCS
OLICHKA B3BEUICHHOCTU PUCKOB. Ennnunieil usmepenus
Beca pUCKa MPUHAT «0amn». JlaHHBIC OIICHKH PUCKOB
JUIs cTaguu Pa3Merenne n OLeHKH MIOMAAKH CTPOH-
TEJILCTBA B KAYECTBE ITPUMepa IpeJICTaBIeHbI B Ta0I. 1.

[To mony4yeHHBIM NAHHBIM, MPEACTABICHHBIM
B Tabm. 1 g xakxaoro cyOpucka, ONpeneseHo 3Have-
HHUE Beca, KOTOPOE PACCUUTHIBACTCS IIyTEM YMHOKEHHUS
3HAYCHUS BEPOSTHOCTH Ha 3HAYCHUE BO3JCHCTBHS 1aH-
HOTO pHuCKa 1o popmyre:

R s =B-Bos, (1)

rne B — BeposITHOCTh BO3HUKHOBCHUS OMACHOCTH,
O6amn; Bo3 — cepbhe3HOCTh MOCHEACTBUN BIUSHUS
OIIaCHOCTH, OaI.

Bec ocHOBHOTO prCKa paBeH CyMME Beca ero cyo-
PHUCKOB (2):

ROCH =ZRcy6' (2)
OO0muii BeC PUCKOB, BIHUSIOMINX HA KU3HCHHBIH

[UKJ aTOMHBIX AJIEKTPOCTAHLIUHN, ONMPENEsIeTCs KaK
CyMMa Beca PHCKOB Ha Ka)XIOH CTaJuH:

R e = ZRp + ZRH + ZRC + ZR3 + ZRB_B, 3)

e R, .. — CyMMapHOE 3HaYCHHE BECA PHCKOB, BIIH-
sorux Ha JKI[ ADC, Gawr; DR, — cyMMapHbiii Bec
PHCKOB Ha CTAJUH «pasMelleHue», 6L, Y R, — cym-
MapHBbIi BEC PUCKOB Ha CTa/IMH «IIPOSKTHPOBAHKE, GaILT;
>R, — cymMMapHbiii BeC PHCKOB Ha CTA/IMH «CTPOHTETb-
CTBOY, 6awr; Y R, — CyMMapHbIi Bec PHCKOB Ha CTa-

1.1.

Hopwmarusho-
MPaBOBbIE

Pucku Ha cragun
«Pa3mMelienne u oneHka
TUTOIIAKI

1.2. YnpaBnenyeckue

1.3. MudpactpykrypHbIe

Puc. 2. Ctpykrypa puckoB Ha craguu «Pa3menienuey»
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Taou. 1. Pesynsrars! ouenku puckoB Ha JKI[ ADC

e < -]
< s | 3R
o s 2 2's
= = 2= | 5 E
Q o SEN < QO
Howtep Omnucanne puckos Ha JKI[ ADC g = 2~ SE 50
pucka E = = 8 <
= [ m o
] = g~ B
I m ) =2
3 2 g S
M m = e
1. Pucku Ha cTaguy pa3MeleHUs 1 OLIEHKH IUIOIAJAKU CTPOUTEIbCTBA 40 48 — -
1.1. HopMaTuBHO-TIpaBOBBIC - - - 36
Puck 1 | 1.1.1. I3MeHeHUe 3aKOHOB 2 4 -
Puck 2 | 1.1.2. 3meHneHune HOpM 4 4 16 -
Puck 3 | 1.1.3. VI3mMeHeHue npaBui 2 4 -
Puck 4 | 1.1.4. Cucrema ynpaBiieHUsI COOCTBEHHOCTBIO 2 2 4 -
1.2. Yrpasnenueckue - - - 176
Puck 5 | 1.2.1. Beibop crpareruu 6 4 24 -
Puck 6 | 1.2.2. SITI] (Hanudme 3aMKHYTOTO TOIUTMBHOTO ITHKJIA) 4 4 16 -
Puck 7 | 1.2.3. ATL] (mpu OTCYTCTBUU 3aMKHYTOI'O TOILTMBHOI'O IIMKJIA) 6 8 48 -
Puck 8 | 1.2.4. Tumst PY (a1 ADC nepBoro-BToporo moKoJeHHH ) 6 4 24 -
Puck 9 | 1.2.5. Tuns! PY s TpeTbero u nociuenyomux noKoIeHUH 2 4 8 -
1.2.6. MourHocTHO# psig PY (BeposiTHOCTh pUCKa U €r0 BIHSHUE
Puck 10 o . 2 4 8 -
yBenuuuBaercs i1 ADC Manoif 1 cpeHel MOLTHOCTH)
Puck 11 | 1.2.7. MommuocTtroi psan PY (anst ADC 6obII0i MOIITHOCTH) 24 -
Puck 12 | 1.2.8. Cymmapnas momHocTs 19 mis PO 4 6 24 -
1.3. UudpactpykTypHBIE - - - 36
Puck 13 | 1.3.1. Heo6xoanmasi CHCTEMHOCTh 2 4 -
Puck 14 | 1.3.2. Cnoxusmasics ctpykrypa AD 2 2 4 -
Puck 15 | 1.3.3. Puck norepu nndopmannu 4 6 24 -

JIMHU «IKCIUTyaTalus», 6ai; ZRB_B — CYMMapHBIi BEC

PUCKOB Ha CTa/IMH1 «BBIBOJL U3 IKCTITYaTaI{I, Oam.
[Mocne ompenenenus Beca Kax)aoro 0CHOBHOIO

pHCKa €ro CIEAYET pa3AeIuTh B IPOUEHTHOM COOTHO-

IIEHNH Ha YeThIpe (akTopa (Tadi. 2), KOTOphIE BIHSIOT

Ha >KM3HEHHBIN [IUKJI AaTOMHBIX 3JIEKTPOCTAHIIAMN:

¢ OIOIKET;

* JJOJIOBCYHOCTD,

Taou. 2. Tabmua BnustHUS PakTOpoB (OIOMKET, TOITOBEYHOCTD, BpeMs, 0€30MaCHOCTh) Ha BEC PHCKa Ha dTarax )KU3HEHHOTO

[IUKJIa aTOMHBIX JIEKTPOCTAHIHNA

Onucanue pucka

enu npoekra

B3BeleHHOCTh pUCKa
obmas

Twun BepositHOCTH, %

B3BemieHHOCTH
pHcKa 1o GakTopy

1. Pucku Ha CTaJluu pasMEIICHUA U OLEHKH TUIOIAAKHU CTPOUTEIBCTBA

OromKeT 25 9
JIOJITOBEYHOCTh 25 9
1.1. HopmaTiuBHO-IIpaBOBBIE 36
BpeMst 25 9
0e30MmacHOCTh 25 9
OIOIKET 45 79,2
JIOJITOBEYHOCTh 5 8,8
1.2. YnpaBnen4yeckue 176
BpeMst 45 79,2
0e30I1acHOCTh 5 8,8
OIOKET 10 3,6
13, Vs JIOJITOBEYHOCTH 36 30 10,8
.3. UadpacTpyKkTypHBIE
PACTPYITYP BpeMst 30 10,8
0e301acHOCTh 30 10,8
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Taou. 3. B3semeHHocTs puckoB 1o cragusam KL ADC

CymmMmapHast
B3BeleHHOCTD pUCcKa Ha CTaUU XKU3HEHHOTO JlmuTenbHOCTh cTaauu Homep craguun
B3BEIIEHHOCTH PHCKOB
uukina ADC KL (rompr) B XKL ADC
Ha CTaanuu

Pucku Ha crauy pa3sMeIeHUS U OLICHKH ) | 160
TUIOIIAZKH CTPOUTEIHCTBA

Pucku Ha craguu «llpoexktupoBanue» 3 2 140
Pucku Ha cragun « CTpOUTETBCTBO» 6 3 356
Pucku Ha craguu « OKcryaranusy» 30 4 416
Pucku npu BeIBOJIE U3 3KCIUTyaTallul 70 5 656

* Bpems (IPONOJKUTENBHOCTD cTaguu XKII) —
COXpaHCHHE HeCcyIIeil CITOCOOHOCTH;

* 0Oe3omacHOCTh (HanmpuMep, JTUMHT BO3IEHCTBUS
W3TY9ICHNUS).

IMockonbky st 23pHEeKTHBHOTO KOHTPOJIS U yTIIPaB-
JICHUSI PUCKaMH TIPOEKTOB aTOMHBIX 3JI€KTPOCTaHIIUH He-
JTIOCTATOYHO OIPEACTHUTE BETUINHY BO3ICHCTBUS pUCKA
B 11e710M [ 1 7], mpenioskeHHbIN aBTOpaMu MOJIX0/] C OTpe-
JISIICHIEM BEJIMYMHBI BO3/ICHCTBHUS pUCKa 1O (paKTopam
IpeAcTaBiIsIeTcs: Ooyiee MHPOPMATUBHBIM U B TATbHEH-
IIIeM MOJKET CIIy’KUTh OCHOBOM 17151 Oosiee TryOoKoro
aHam3a U YPPEKTUBHOTO YIIPABICHHUS PUCKAMHU.

Mertoj pa3zneseHus Beca pucka Ha (akTopbl 10-
3BOJISICT BBIACTHUTH (PaKkTop, BiIusgHNE KoToporo Ha JKI]
ADC makcuMalibHO. DTan KM3HEHHOro 1ukia «Pas-
MEIeHHNE W OIeHKA TUTOMIAIKM» OB BRIOPAH IS TIPO-
BEJICHUS aHaJIN3a JaHHBIX. MeTO/ IKCIIEPTHON OIICHKU
PHCKOB MOXET OBITh MCIIOJIb30BaH, KOTJa PUCKH OIle-
HUBAIOTCS 17151 KOHKPETHOM paccMaTpuBaeMoi CTaHIMKU
Ha onpeaeneHHoM stame XKI[ ADC.

@DakTHYECKU BEC PUCKOB OBIT OTMpEneTeH It
kaxxzoro u3 sranos XKL ADC, uro wuoctTpupyercs
JIAHHBIMH, IPUBCIACHHBIMU B Ta0J. 3, B KOTOPOW I0-

Ka3aHbl OLEHKH B3BEIIEHHOCTH PUCKOB Ha Pa3IMYHbIX
JTanax >KM3HEHHOTO IMKJIa aTOMHBIX 3JIEKTPOCTAHITUI
0 pe3yJibTaTaM pacyera BIUsSHUS (PaKTOpPOB.

Takum 00pa3om, MOXKHO C/I€JIaTh BBIBOI, YTO HAU-
0oJiee OMAaCHBIMU CTATUSIMHU SIBIISTFOTCSI CTA KT SKCILTya-
Tanuu U craaus BeiBoga ADC U3 dKCIUTyaTaluy.

IIpumenenne merona Ilapero nasi onpenesieHus
BBICOKOB3BellIeHHBIX pUcKoB Ha 3Tanax KI[ A9C

Ipunmun [Mapeto rmacut, uto npumepHo 80 % mo-
cneactBuit mpoucxonat ot 20 % npuuus [18, 19]. Beon
naHHbBIX B (hopmare [lapeTo momoraer ompeaenuThb
PHCK, 3HaU€HHE KOTOPOro MakcuMainabHO. Cienys 1aH-
HOW METOJIUKE, BBISBIISIIOTCSI HAnOO0JIee BBICOKHUE PUCKU
Ha XI[ ADC, a 3arem npeayiaraloTcsi COOTBETCTBYIO-
M€ PEICHUS ISl UX CHIDKCHHUSL.

Ha puc. 3 B Buze cronbuaroil tuarpaMmsl puUBe-
JIeH TpaduK pacrpeaeIeHus] pUCKOB O CTEIEHH BO3-
JIEHCTBUS OT HAWBBICIIErO 10 HAMMEHBINIEro. 3aTeM,
B COOTBETCTBHM C METOJIOM, CTPOHUTCS KyMYJIATHBHAs
KpuBas JUIsl aHaJIM3a OTHOCHTEIBHOTO Beca KaXKIO0ro
pucka. Hanbosiee B3BelicHHBIC pUCKH (BBIACICHBI Kpac-
HBIM Ha pUC. 3) onpenelstores: rpahuuecKuM METOI0M
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BepOHTHOCTI/I 1 BO3JEHCTBUS PUCKOB, BJIMAIOIINX HA )KU3HEHHBIW LUKJI aTOMHBIX 3JIEKTPOCTAaHIUU

Puc. 3. HpI/IMeHeHI/Ie METOoaa HapeTo JUT I/I,HCHTI/I(bI/IKaIII/II/I 1 yIpaBJIC€HUS PUCKAMU Ha BCEX 3TallaX JKU3HECHHOI'O IUKJIa aTOM-

HBIX 3JIEKTPOCTaHLINN
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Bozneiicteue—

Puc. 4. ManI/IHa BEPOATHOCTHU U BO3HeﬁCTBHH PUCKOB, BJIIMAIOIIHNX HA JKU3HCHHBIN IHUKJI aTOMHBIX SHGKTpOCTaHLII/Iﬁ

MyTeM HaxXO)KJEHHs TOYKH NepecedeHus Junuu [lapeto
C JIMHUSIMH Beca PUCKOB Ha rpaduke. B nanHoM aHanmze
nnus [lapeto nepecekaet Hikary B3BEHICHHOCTH Ha OT-
MeTke 60 0aIIOB, TAKUM 00pa30M HaHOOJICe OMACHBIMHU
SIBJSIFOTCSI PHCKH, BEC KOTOPBIX MpeBbimiaet 60 0aios.

Marpuua puckos K1 ADC

Matpuua puUCKOB SBJISETCS IIUPOKO UCIIONb3Ye-
MBIM MHCTPYMEHTOM JJISl OTIpEACNICHUs BIUSHUS PU-
ckoB. CyTb JAHHOTO METO/Ia 3aKJII0YACTCsl B PacIpesie-
JICHUU PUCKOB IO CTENEeHU uX BoznencTsus. Kaxaplit
YPOBEHb PUCKA XapaKTEPU3yeTCs [IBETOBBIM HHAUKATO-
POM, BCETO MPHHSATO MATh YPOBHEH ONACHOCTU PUCKOB:
3€JIEHBI — HU3KUH PUCK, KEITBbIH — CPEIHUN ypo-
BEHb PUCKA, OPAHKEBBIN U KPACHBIA — 3HAUUTEIILHBIE
1 BbIcOKme pucku [20, 21].

Ha puc. 4 mpencraBieHa marpuma Juist pac-
npejesieHns puckoB Ha oobektax ADC mo crere-
HU BO3JEHCTBHUSA OT HAUBBICIIETO 10 HAMMEHBIIETO
B COOTBETCTBHU C PE3YJIbTaTAMU OLIEHKH BEPOSITHOCTH
U BO3JEUCTBUS PUCKOB, BIUSIOUIMX HA KU3HEHHBIN
LUKJI aTOMHBIX 2JEeKTpOCTaHIMi. Marpuua nocrpoexa
C yKa3aHUEM BO3JEHCTBUS 110 OJHOM OCH U BEPOATHO-
CTH PUCKa [0 JIPYroi OCH.

B xozne ananmmsa 92 cymecTByIONIMX PHCKOB ObLIO
BBISIBIICHO 5, KOTOpPbIE CUJIbHEE IPYTUX BIUSAIOT Ha KU3-

HEHHBIN IIUKJI aTOMHBIX JIEKTPOCTAHINI W CUUTAIOTCA
MPUOPUTETHBIMH ISl YIIPABJICHUSI, @ UMEHHO!

4.1.1 — PaguanvoHHbIE PUCKU CTaAUU KCIIIya-
TaIuu.

5.1.6 — OOparteHue ¢ paJMoaKTHBHBIMH OTXO/a-
mu (PAO) Ha cTragnm BRIBOJA U3 HKCILTyaTaIlldil — Ha-
JIMYUE CUCTEM OOpalleHus], parMeHTaI1H, YITAKOBKH
u Tpancnoptuposku PAO.

5.2.1 — @DoHA-HAKOIUIEHWS CTagWHA BBIBOJIA
U3 9KCIUTyaTalluu — Hannyue GUHAHCOBBIX HAKOILIe-
HU# 1 poraa s BeiBoma ADC U3 IKCILTyaTaluy.

5.2.2 — BrI60p TEXHOJIOTHH CTAagUH BBHIBOJAA
U3 OKCILTyaTallui — HMCIOJIb30BaHUE «OE3ITFOAHBIX TEX-
HOIIOTHIT» I HanboJiee OMacHBIX padOT 10 BEIBOIY
ADC u3 3KcITyaTaum.

4.1.5 — Kubeparaxa Ha si7iepHbIe 00bEKTHI CTaUN
9KCIITyaTalny.

[IpeumyiiecTBaMu MeTOJ@ SIBJISIFOTCSI: OTHOCH-
TEJbHAS MIPOCTOTA MCIIONIB30BaHUS, oOecIieueHue Obl-
CTPOTO PAH)KUPOBAHUSI PUCKA IO CTETIEHH BO3ACHCTBUS
Kax7oro prucka. Cpean HeZOCTaTKOB MOXHO BBIJICITUTh
CyOBEKTHBHOCTh OIICHKH, KOTOpPAsi ¥ B 3HAUNTEIbHON
CTEIIEHH 3aBHCUT OT HKCIIEPTa, BHIIOIHAIONIETO OLIEH-
Ky. OObeIMHEeHNE WK CPAaBHEHNE YPOBHEH pUCKa JUIs
Pa3NUYHBIX KaTETOPUi BO3/EHCTBUS 3aTPyAHUTEIHHO.
B I'OCT!' oTMeueHo, 4TO pe3ylbTaThl PaH)KUPOBAHUS
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PHCKOB B MAaTPHUIIE 3aBUCAT OT YPOBHS JE€TAIU3AINH
aHanu3a puckoB. Uem OoibIne KOJTUYECTBO OICHH-
BAaEMBIX PHCKOB, TEM MEHBIIEC BEPOSTHOCTH KaXkJIOTO
U3 HUX, 4TO B CBOIO OYEepEeAb NPUBOIUT K HEOOLICHKE
(hakTHyeckoro ypoBHs pucka. OJHaKo, 110 MHEHHIO aB-
TOPOB, 3TO HE COBCEM CIIPABEAINBO, YTO 0OOCHOBBIBA-
eTcs Pe3ynbTaTaMy NPOBEICHHOTO aHAIN3a.

SAK/IIOYEHUE U OBCYXJIEHUE

1. Onpenenenbl pUCKH IJIsl BCEX CTaJAUN KU3HEH-
Horo mukia ADC.

2. YcraHOBJIEHBI HAaHOOJBIINE PUCKHU, CBSI3aHHBIC
co craaueit BiBoa 00bekTOB ADC M3 dKCILTyaTaIluy.

3. CymiecTBYIOT pa3IHMIHbIe METOIBI OIEHKU PH-
CKOB JIJISl TIOMOIIA B MPWHITHH YIPABICHYCCKHUX pPe-
mieHui. PUCKH MOTYT OBITh OLICHEHBI KaK ISl BCErO

MpOeKTa, Tak U A otAensHbIx ctanuit XKL ADC wmm
KOHKPETHBIX OMacHBIX coObITHI. [TosTOMY B pasmnd-
HBIX CUTYalHsX MOTYT OBITh IPUMEHEHBI pPa3IMuHbIC
METO/IbI OIICHKHN pUCKa UJIN UX KOM6I/IHaIII/I$[.

4. OmueHka pucka o0ecrieyuBaeT MOHNMAHNE BO3-
MOJKHBIX OITACHBIX COOBITHH, MX MPUYUH U TOCIEA-
CTBUI{, BEPOSITHOCTH UX BOSHHUKHOBEHUS W NPUHITHE
pemenwuii 1y1st yrpasierus K1 ADC o He0OX0qUMOCTH
CHIDKEHHS PHICKA WIIN ero 00paboTKH, TOMyCKe K Imepe-
xofy Ha ciremyrontyto craanio XKL, a Tarxoke ompenene-
HUH TIPUOPHUTETHBIX PHUCKOB M BBIOOPE CTpaTeruu Juist
CHIYKEHUSI PUCKOB JI0 TIPUEMIIEMOTO YPOBHSI.

5. JInst paH>KupOBaHUsI PUCKOB I10 CTENIEHU BaXKHO-
CTH 1 B3BEIICHHOCTH MPHMEHNMBI METO/IBI MATPUIIBI PH-
cKoB 1 MeToy [TapeTo, KOTopbIe Jal0T CXOXKUE Pe3yIIBTaThL.
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INTRODUCTION

According to the accepted definition, risk is a com-
bination of probability and consequences of unfavour-
able events.

Uncertainty about what will happen in the near
or distant future is considered a risk in itself. Uncertainty
can be considered the lack of information necessary to take
into account all factors affecting the NPP project life cycle.
The risk management scheme is presented in Fig. 1.

The first step in risk management is to identify all pos-
sible risk events or identification, the purpose of risk identi-
fication is the early and continuous detection of events that
may have a negative impact on the achievement of project
objectives [1]. The causes of risk events can be both exter-
nal and internal. The process of identifying and managing
risks affecting the life cycle of nuclear power plants, from
the “Deployment” stage to the “Decommissioning” stage, is
complex and time-consuming, as it has been going on con-
tinuously for more than eighty years. This paper identifies
the most significant risks affecting the life cycle of NPP.
Data on the identified risks are recorded in the risk register.

Literature review

In Russia in 2011, GOST R ISO/MEC 31010-2011"
was published, which is identical to the international stan-
dard®. The standard contains 31 methods of risk assess-
ment. The document also contains a description of factors
influencing the choice of risk assessment method. Most
methods allow to obtain quantitative risk assessments [2].
Nevertheless, there are not many studies in the scientific
literature, in which the factors underlying the occurrence
of risks in the life cycle of NPP are studied in depth, which
determines the relevance of this study.

! GOST R ISO/MEC 31010-2011. Risk Management. Risk
assessment methods.

2ISO/MEC 31010:2009*. Risk management. Risk assessment
methods.

The authors [3, 4] proved the possibility and ne-
cessity of identifying, assessing and managing risks in
the life cycle of nuclear power plants.

For complex projects such as nuclear power plants,
there are many different factors that can affect their life
cycle. Therefore, the decision-making process to con-
trol risks is considered complex. Factors such as Bud-
get, Time, Safety and Durability are some of the major
factors for the life cycle of a nuclear power plant as they
play a crucial role in all phases of the life cycle of a nu-
clear power plant. It should be noted that the number
of major factors at the discretion of the experts respon-
sible for assessing the condition of the NPP at a particu-
lar stage, for each unique project, may be more or less
than those listed. New risks may be added to the listed
risk register or excluded if they are eliminated.

MATERIALS AND METHODS

Identification and assessment of risks were car-
ried out by the method of expert evaluation and using
scientific literature. Data on the probability and impact
of risks were determined by experts and specialists in
the field of nuclear energy. Since the process of risk
management and decision making is complex, as it is
necessary to take into account many interrelated fac-
tors, we will consider the application of methods that
facilitate this process, such as the Pareto method [5] and
the risk assessment matrix [6].

On the basis of the data, the advantages and disad-
vantages of multi-criteria analysis methods as applied
to NPP facilities are analyzed, identified and described.

RESEARCH RESULTS

Risk identification

Risk identification should begin with the definition
of the type of risk according to the area of influence [7]
(regulatory, technical, economic, etc.). Risk identifica-
tion should be performed for each stage of the NPP life
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cycle, using the decomposition method [8], identifying
first the main risks and then decomposing them into
their constituent elements — sub-risk. This approach is
illustrated in Fig. 2.

In this study, most of the major risks affecting
the life cycle of NPP were identified through expert
judgement and literature review.

The data obtained from experts in the field of nu-
clear power engineering are of practical significance and
can be used for monitoring and managing project risks
after their identification. The NPP life cycle management
platform proposed by the authors [9] contains 16 factors
that can affect the life cycle of a nuclear power plant.
Thus, the process of risk minimization is a condition for
the existence of a NPP project, the more attention from
the project team to risk identification, the less influence
these risks will have during the NPP life cycle.

Risk analysis using the Pareto method

The primary objective of project risk management
is to reduce the likelihood and impact of adverse events
on project objectives and increase the likelihood and
impact of favourable events.

The first step for risk analysis is to assess the risk
weighting. The risk weight measurement is taken as
a Point. The risk assessment data for the deployment
stage and the construction site assessment as an exam-
ple are presented in Table 1.

According to the obtained data presented in Table 1
for each sub-risk the weight, value is determined, which
is calculated by multiplying the probability value by
the impact value of this risk according to the formula:

R, =P -Imp, (D)

where P — probability of hazard occurrence, point;
Imp — severity of the consequences of the impact
of the hazard, point.

Preliminary identification
of risks of NPP lifecycle

Final selection of risks
at the NPP life cycle stages

Development of a questionnaire

Risk assessment: expert method

The weight of the principal risk is equal to the sum
of the weights of its sub-risk (2):

R, =3R,. @)
The total weight of risks affecting the life cycle
of nuclear power plants is determined as the sum
of the weight of risks at each stage:

Rnpp e = ZRdep + ZRde.v + ZRcon + ZR(J[) + ZRs.d > (3)

where R, — total value of the weight of risks affect-
ing the NPP life cycle, points; ZR 1y — total weight
of risks at the deployment stage, points; ZR s — total
weight of risks at the design stage, points; ZRM
total weight of risks at the construction stage, points;
ZROP — total weight of risks at the operation stage,
points; ZR& + — total weight of risks at the stage of de-
commissioning, points.

Once the weight of each major risk has been de-
termined, it should be divided as a percentage into four
factors (Table 2) that affect the life cycle of nuclear
power plants:

* budget;

* durability;

+ time (duration of the life cycle stage) — preser-
vation of bearing capacity;

* safety (e.g. radiation exposure limit).

Since it is not sufficient to determine the magnitude
of risk impact as a whole for effective risk control and
management of nuclear power plant projects, the ap-
proach proposed by the authors to determine the mag-
nitude of risk impact by factors seems to be more in-
formative and may serve as a basis for more in-depth
analyses and effective risk management in the future.

The method of dividing the risk weight into factors
makes it possible to single out the factor whose influence
on the NPP lifecycle is maximized. The stage of the life
cycle “Deployment and site evaluation” was selected for

Step 1
Identification of all risks
in the NPP lifecycle

U

Selection of the most dangerous
risks using a risk matrix

Step 2
Risk assessment, risk selection

Risk weight assessment

Risk analysis

Result

U

Step 3
Model evaluation, analysis

A 4

Fig. 1. Scheme of risk management in the NPP life cycle
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4

1.1. Legal and
regulatory framework

Risks at the stage
“Site deployment
and assessment”

1.2. Management

1.3. Infrastructure

Fig. 2. Risk structure at the “Deployment and assessment” stage

data analysis. The method of expert risk assessment can
be used when risks are assessed for a particular plant un-
der consideration at a certain stage of the NPP life cycle.

The actual weight of risks was determined for
each stage of the NPP lifecycle, which is illustrated by
the data given in Table 3, which shows estimates of risk

Table 1. Results of risk assessment in NPP lifecycle

weighting at various stages of the life cycle of nuclear
power plants based on the results of calculating the in-
fluence of factors.

Thus, it can be concluded that the most dangerous
stages are the operational and decommissioning stages
of NPP.

= | £
. =
& I =]
> S x | £
. 5] ~ o0 15}
Risk Description of risks in the NPP lifecycle 5 g 8 '%D &
Number 20 S < 2 L
o £ .20 ~ =
E — o 72}
[sa} = =] &
¥ g Z
% e
1. Risks at the stage of construction site deployment and assessment 40 48 - -
1.1. Legal and regulatory framework - - - 36
Risk 1 1.1.1. Changing laws 2 4 8 -
Risk 2 1.1.2. Changing norms 4 4 16 -
Risk 3 1.1.3. Changing the rules 2 4 -
Risk 4 1.1.4. property management system 2 2 4 -
1.2. Management - - - 176
Risk 5 1.2.1. Choosing a strategy 6 4 24 -
Risk 6 1.2.2. NFC (existence of a closed fuel cycle) 4 4 16 -
Risk 7 1.2.3. NFC (in the absence of a closed fuel cycle) 6 8 48 -
Risk 8 1.2.4. Types of RP (for first- and third-generation NPP) 6 4 24 -
Risk 9 1.2.5. Types of Rls for the third and subsequent generations 2 4 8 -
Risk 10 1.2.6. Power range of RP (risk probability and its impact increases ’ 4 3 B
for small and medium capacity NPP)
Risk 11 1.2.7. Power range of RP (for high capacity NPP) 4 6 24 -
Risk 12 1.2.8. Total NP capacity for the Russian Federation 4 6 24 -
1.3. Infrastructure - - - 36
Risk 13 1.3.1. Systematicity required 2 4 8 -
Risk 14 1.3.2. Current NP structure 2 2 4 -
Risk 15 1.3.3. Risk of information loss 4 6 24 -
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Table 2. Table of influence of factors (budget, durability, time, safety) on the risk weight at the life cycle stages of nuclear

power plants
Risk description Project objectives Risk weighting total | Probability type % Risk “;Zlgtg?ng by
1. Risks at the stage of construction site deployment and assessment
budget 25 9
1.1. Legal and regulatory | durability 36 25 9
framework time 25 9
security 25 9
budget 45 79.2
durability 5 8.8
1.2. Management - 176
time 45 79.2
security 5 8.8
budget 10 3.6
durability 30 10.8
1.3. Infrastructure - 36
time 30 10.8
security 30 10.8

Application of Pareto method for determination
of highly weighted risks at the stages of NPP life
cycle

The Pareto principle states that approximately 80 %
of consequences come from 20 % of causes [ 10]. Data input
in the Pareto format helps to determine the risk, the value
of which is maximized. Following this methodology,
the highest risks in the NPP life cycle are identified, and then
appropriate solutions are proposed to reduce them.

Fig. 3 shows the distribution of risks by degree of im-
pact from the highest to the lowest in the form of a bar
chart. Then, in accordance with the method, a cumula-
tive curve is constructed to analyze the relative weight
of each risk. The most weighted risks (highlighted in red
in Fig. 3) are determined by the graphical method, by find-
ing the point of intersection of the Pareto line with the risk
weight lines on the graph. In this analysis, the Pareto line
crosses the weighting scale at 60 points, so the most dan-
gerous risks are those with weights exceeding 60 points.

NPP life cycle risk matrix

The risk matrix is a widely used tool for determin-
ing the impact of risks. The essence of this method con-
sists in distribution of risks on degree of their influence.
Each level of risk is characterized by a colour indicator,

Table 3. Risk weighting by NPP life cycle stages

five levels of risk danger are accepted: green — low
risk, yellow — medium level of risk, orange and red —
significant and high risks [11].

Fig. 4 presents a matrix for the distribution of risks
at NPP facilities according to the degree of impact from
the highest to the lowest in accordance with the results
of the assessment of probability and impact of risks af-
fecting the life cycle of nuclear power plants. The ma-
trix is constructed with indication of impact on one axis
and risk probability on the other axis.

In the course of analyzing 92 existing risks, 5 risks
were identified that have the strongest impact on the life
cycle of nuclear power plants and are considered a pri-
ority for management, namely:

4.1.1 — Radiation risks of the operational phase.

5.1.6 — Radioactive waste (RW) management at
the decommissioning stage — availability of RW man-
agement, fragmentation, packaging and transport systems

5.2.1 — Decommissioning Stage Fund-Accumu-
lations — availability of financial accumulations and
fund for NPP decommissioning.

5.2.2 — Selection of decommissioning stage tech-
nology — use of “unmanned technologies” for the most
hazardous NPP decommissioning activities.

4.1.5 — Cyberattack on nuclear facilities at the op-
erational stage.

. L . Duration of the life Stage number in Aggregate risk
Risk weighting at the stage of NPP life cycle cycle stage (years) the NPP lifecycle | weighting at the stage

Risks at the stage of construction site

2 1 160
deployment and assessment
Risks at the Design stage 3 2 140
Risks at the Construction stage 6 3 356
Risks at the Operational stage 30 4 416
Decommissioning risks 70 5 656
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Fig. 3. Application of the Pareto method for risk identification and management at all stages of the life cycle of nuclear power plants
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Fig. 4. Matrix of probability and impact of risks affecting the life cycle of nuclear power plants

The advantages of the method are: relative ease
of use, providing a quick ranking of risk by the de-
gree of impact of each risk. The disadvantages include

the subjectivity of the assessment, which is highly de-
pendent on the expert performing the assessment. Com-
bining or comparing risk levels for different exposure
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categories is difficult. In GOST' notes that the results
of ranking risks in the matrix depend on the level of de-
tail of risk analysis. The greater the number of assessed
risks, the lower the probability of each of them, which in
turn leads to underestimation of the actual level of risk.
However, according to the authors, this is not quite fair,
which is justified by the results of the analysis.

CONCLUSION AND FINDINGS

1. Risks for all stages of the NPP life cycle were
identified.

2. The greatest risks associated with the stage
of decommissioning of NPP facilities were identified.

3. There are various methods of risk assessment
to assist in making management decisions. Risks can be

assessed either for the whole project or for individual stages
of the NPP life cycle or specific hazardous events. Therefore,
different risk assessment methods or a combination of them
may be applied in different situations.

4. Risk assessment provides understanding
of possible hazardous events, their causes and
consequences, probability of their occurrence and
decision making for NPP life cycle management
on the necessity of risk reduction or its treatment,
admission to transition to the next stage of the life cycle,
as well as determination of priority risks and selection
of a strategy for risk reduction to an acceptable level.

5. To rank risks by importance and weighting,
the risk matrix and Pareto methods are applicable and
give similar results.
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