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MEPCNETUBHI YMOBW 3HATTS 3 EKCNYATALIT EHEPrOBJIOKIB YKPAIHCbKUX AEC

3 YPAXYBAHHAM BUMOI EC TA MATATE

BusHavyeHO nepcrnekTuBHI yMOBU 3HAITTS 3 eKcrilyatauii aTOMHUX eeKTPOCTaHUiv B YkpaiHi
Ha OCHOBI aHasidy Cy4acHOro ctaHy Ta nepcriekTus PO3BUTKY aTOMHOI eHepreTuku 3 ypaxy-
BaHHSM CBITOBOro gocsiay. poaHanizaoBaHo NOTOYHWI CTaH PEryisiTOPHOro 3ab6e3rne4eHHs,
a TakOX BUKOHAaHO OLIIHKM BAPTOCTI 3HATTS 3 eKCrilyatalii aTOMHUX €/IEKTPOCTaHLIN B YKpaiHi
3 ypaxyBaHHSIM CBITOBOIro AOCBIAY | MOX/IMBOCTI Fioro peanisauii B YkpaiHi.

Knt4oBi c10 Ba: aTOMHI €N1eKTPOCTaHL,i, paaioakTUBHI BiAXoam, 3HATTA 3 eKcnyaraliii,
CXOBMLLA PadioakTUBHUX BiaXO4iB.

3HaYyILIiCTh AaTOMHOI €HEepreTMKM B YKpaiHi
OCTaHHIMU pOKaMHM CYTTEBO miaBuiuiaach. o
2014 p. maiixe 50% BiOCOTKIB eIeKTPOEHEPrii
OEC VYkpaiHu reHepyBajochb BITYM3HSIHUMMU
aToMHUMHU enekTpocTaHisMu (AEC), a octaH-
HiMU poKaMH 115 YacTKa I OKpeMMX KaJleHaap-
HUX MIiCALIB IepeBUIlyBaja MOKa3HUK 65%. Y
MepcreKTUBI MOXHa OYiKyBaTW HapoOllyBaHHS
notyxHocteidi AEC, ocKinbKM 3HAUE€HHS cepe-
HbO3BaXXeHOI CO0iBapTOCTi eJeKTPUUYHOI €Hepril
(aHrIifiCHKOIO levelized cost of electricity),
Bupo6aeHoi Ha AEC ctanom Ha 2015 p. B CBiTi, €
KOHKYPEHTO3JaTHUM BIIHOCHO TEXHOJIOTi
BUPOOHUIITBA €JIEKTPOEHEPTii, B SIKUX BUKOPU-
CTOBYIOTH BYTiJIJISA, IPUPOIHUI ra3 Ta BiTHOBIIIO-
BaHi maxepeyia eHeprii [1], 1o BimoOpaxkeHO Ha
puc. 1.

B pasi 306inbpmenHs motyxHocteit AEC Ha
KoxeH I'BT HOBUX moTyxXHOCTei Oyae moTpidOHO
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momaTkoBo Oim3bpkKo 150 TOHH ypaHy Ha pik i
o01u3pko 300—450 TOHH ypaHy IJISI IIEPIIOrO
3aBaHTaXKeHHS naausa [2].

CranoM Ha 2016 p. B YKpaiHi eKCITyaTyeThCs
yotupu AEC 3 15 eHeprobiiokamu. 3arajibHa
BCTAHOBJIEHA MOTYXHICTb IilOYMX YKPaiHCbKUX
eHeprob6usiokiB 3a ganumu JIIT HEK Ykpenepro
craHoButh 13835 MBT(e) [3]. Jo 2020 p. B
YKpaiHi 3aKiHUyIOTbCS MPOEKTHiI TEPMiHU €KC-
miyaTauii 9 enepro6yokiB AEC [4].

HeoOxinHicTh BMBEAEHHS HaWOIMXIUM
YacoM 3 eKCIUTyaTallii 3Ha4HO1 KiJIbKOCTi 00’ €K-
TiB aTOMHO1 €HepreTukKu B aTOMHil MPOMUCIO-
BOCTi CBIiTYy cTajla OYeBMAHOIO B cepeauHi 80-x
pokiB XX ctonittd. OQHUM 3 HalOiNbII CKIIam-
HUX acIleKTiB IpoIecy 3HATTS 3 eKCIUlyaTtalil
00’€KTiB aTOMHOI €HEpreTMKu € Te, 110 IpU
LIbOMY YTBOPIOIOTBCS Y BEJIMKii KiAbKOCTI paaio-
aktuHi Binxonu (PAB). Hanpukian, mpu 3HATTI
3 ekcryaTtauii 125 (ctanom Ha 2003 p.) eHepro-
010kiB AEC B kpainax €C 3aranbHuit oocsar PAB
ouiHeHo y 1600 tuc. T [5]. i Bizxoou Tpeda
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Prc. 2. 3anexHiCTh palioaKTUBHOCTI 3yIIMHEHOTO €HEepro0JIoKa Bill Yacy BUTPUMKU

HaJiltHO i30J1I0BaTH i 30epiraT MpoOTITOM TpPUBa-
JIOTO Yacy B CIelliaJJbHUX CXOBHUIAX. 3a JaHUMU
[6], npu BuBemeHHi eHeprobioka BBEP 3 ekc-
uryaTanii cymapHa Maca tBepaux PAB (TPB)
HaBiTh yepe3 50 poKiB BUTPUMKM IIiCJISI OCTaTOY-
HoOl iioro 3ynmuHKM Oyme cTtaHOBUTH 320—350
ToHH. CJIi 3a3HAYUTH, 1110 32 HAIBHUMU JaHUMU
MOJOBXEHHS TEPMiHY eKcIUlyaTallii peakTopa
nmoHaja npoekTHu# TepMiH (30 poKiB) IIPaKTUYHO
He BILJIMBA€E Ha pafioaKTUBHICTb MOTO KOHCTPYK-
il — 3a KOXHi HamHOPMOBaHi 15 pokKiB ekc-

miayartaiii BigOyBaeTbCcsd 30iJblIEHHS pamio-
aKTUBHOCTI Tpubiau3Ho Ha 2%. Ha puc. 2 [6]
MOKa3aHO 3aJIeXXHICTh aKTUBHOCTI BChOTO €HEp-
ro0Jioka Bil 4acy BUTPUMKM IIiCJIsSI OCTATOYHOI
MOro 3ynNuHKMU.

MoxHa BUIIIUTA TPU OCHOBHUX MOXKJIMBUX
BapiaHTu BuBegeHHs AEC 3 excryaTauii:

1. be3nocepenHiii MBUAKUN TeMOHTaX eJIeK-
TpocTaHlii. B LlboMy BMIAAKy BiamnpallbOBaHe
saepHe mmanuBo (BAIL) i Temmonociit mmiciasa Tpu-
BaJIOTO BiZICTOIO BUBO3STHCS B CXOBUIIE 3 pajia-
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miiHUM 3axucToM. Bci 3abpynHeHi pagianiero
Martepiaju Ta obiagHaHHS po30MpParOThCs i BUAa-
JsA10Thesl. TepuTopilo CTaHLil HepeBOASTH VY
paniauliiiHo-0e3nmeuHuii ctaH. OOcsar papnio-
AKTUBHUX BiIXOJiB OLIIHIOETHCS B CEPEIHBOMY Y
18—20 tuc. M.

2. Bigctpouennii nemoHTax. B iboMy Bumaz-
Ky 3 Teputopii AEC Bumansiors BAII i Terrono-
ciii, a micag KoHcepBalii NpOTIroM KilbKOX
IeCSITUITh (B 3aJIEXKHOCTI BiJl iCHYIOUMX B KpaiHi
HopMmaTtuBiB 30 — 100 pokiB) 3AiiCHIOIOTH
JeMOHTaX i OCTaTOUYHE OUYMIIEHHS TEePUTOPil
craHuii. O6csar PAB mopiBHsIHO 3 6e3mocepenHimM
IIBUIKUM I€MOHTaXKeM 3HUXYETHCSI HE3HAYHO —
B cepeqHbOMY 10 17 Tuc. Mm>.

3. IzonoBaHHs. Bei PAB 3anuinaiots Ha AEC,
SIKy i30/11010Th B capkogary. KoHcTpykuist cap-
Kocara MoBMHHA AO3BOJISITH MEPIOIUIHO KOHT-
poJOBaTU CTaH Ioro BMicTy. Yepe3 BU3HAuUeHY
KUTbKicTh pokiB (100 abo Oimbime) mMoxe OyTH
MpoBEeAEHO po30MpaHHsI BMicTy capkodara i
oro ae3aktusalis. Kinbkicte PAB — B cepen-
HboMy 10 THc. M3.

HeraiitHuii meMoHTaxk Ma€ HM3KYy MepeBar:
MOXJIMBICTb BUKOPUCTOBYBATU Ha AEMOHTaXI
nepconan AEC, a TakoX TexHOJIOTigHe oO0Jram-
HanHg AEC. BigcTpodyeHMiI OeMOHTaxX Mae
HEIOJiK — MicJas1 OYiKyBaHHS B NECITKU POKiB
IUIST TIPOJOBXEHHS poOiT 3 meMoHTaxy AEC

OyIyTh 3aIisTHi iHIII TEXHOJIOTiI, HEMUHYyUYe Oyre
BTpadyeHa 4YacTWHa iHdopMalii nmpo o6’exT. 3
iHIIOro 00Ky, B pa3i BiAKJIAaAEHOrO AEMOHTAaXY
IIPOTSATOM TPUBAJIOI0 Yacy BUTPUMKHM 3yITMHEHUX
peakTopiB OyAyTb po3po0JeHi HOBi TEXHOJIOTII i
TeXHiUHi pillleHHS, SKi HO3BOJISATH OiJbII edeK-
TUBHO BUKOHaTu pobotu. IligcraBorw ajas mpu-
WHATTS pillleHHS CTOCOBHO KOHKPETHOTO Bapi-
aHTa CIyryoTh [7]:

a) HassBHiCTh CXOBMIIA 11 OCTATOYHOTO 3aX0-
pOHEHHS eJeMEHTIB peakTopa/peakTopiB, Bid-
CYTHiCTb/HasIBHICTb HEOOXiqHOTO (hiHAHCYBaHHS
7151 0e3M0oCepenHbOr0 BUIAJNICHHS, 3HMXKEHHS
PagioaKTUBHOCTI i BUTpaT Ha 0OpPOOKY i KOHIM-
nionyBaHHs1 PAB;

0) MOXJIMBICTb B MpoOLECi AeMOHTaXy 3aliHsI-
TOCTi Ta 3aCTOCYBaHHS JOCBiIy €KCILIyaTalliifHO-
ro nepconany AEC, HagBHO1 Ha cTaHIlii iH}pa-
CTPYKTYpPU Ta TEXHOJIOTiYHOro oOJlagHaHHS,
YMOBHU JJIS1 OTPMMAHHS JIilLIEeH3il, BiACYTHiCTh
moTpebu y BUTpaTaXx Ha KOHTPOJb i yTpUMaHHSI
00’ekTa B pasi, K0 Oyae MPUUHATUI BapiaHT
Oe3meuyHol KoHcepBallii, TOBTOPHE BUKOPUCTAH-
Ha maiinanuuka AEC.

o TemnepilliHbOro 4acy, 4yepe3 BiICyTHIiCTb
IOCTaTHBOTO ITPAKTUYHOTO IOCBiAy, XKOIHOTO
«HAZiMHOTO» MPOEKTY IO AEMOHTAaXy BEIUKOTO
MPOMUCJIOBOTO peakTopa MOBHICTIO HE peaizo-
BaHo. ToMy Bci eKOHOMiUHi pO3paxyHKH,

Ta6mmmg 1 — Burpatu (B mmiHax 1994 p.) Ha BUBeeHHS 3 eKCIUTyaTallii i JeMonTax AEC
B KpaiHax cBity [8]

Kpaina Tun MoryiHicrs, MBT IIBHIKHH TEMOHTAXK, Biactpouenuii
peakTopa MJIH MapoK JIEMOHTaX, MJIH MapoK
) PWR 1200 565 570
Himeyuyuna
BWR 770 740 690
Benbris PWR 900 560 660
) PWR* 450 470
Hinepnanan 350
BWR 60 305
PWR 860 200 -
IIBeris
BWR 1160 260 -
PWR 1100 300 -
CIIA
BWR 1100 370 -

*) Y minax 1995 p.
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noB’s3aHi 3 BuBeaeHHsIM AEC 3 ekcryaraliii, €
NpUONM3HUMU. 3a EeKCHEepPpTHUMM OIiHKaMU,
3arajJibHi BHUTpPaTd CTAaHOBUTHMYTh HE MEHIIE
10% Baprocrti 6ynisuunura AEC. IIpu npomy B
HiMmeuuuHi, Ha Teputopii koaumHboi HJIP,
JeMOHTax 6 peakrtopiB, BurorosjiecHux y CPCP,
oniHeHo MiHiMyM B 3 mipa moa. CIHIA. Came
CTiJIbKM KOLITYyBajgo 0 OyHiBHMLITBO TaKOIo X
yucia cydyacHux AEC Takoi caMoi MOTY>KHOCTI.
OpieHTOBHI y3arajbHeHi OLIIHKM BapTOCTi TaKUX
po0OiT HaBeaeHo B Ta0A. 1. B uiii Tabauui BUKO-
puctaHo mno3HadeHHs: PWR — Bogo-BogsgHuit
peaxkTop, B SIKOMY BUKOPUCTOBYIOTh B POJIi CIO-
BUTBHIOBAYa i TEIMJOHOCIS 3BWYAWHY (JIETKY)
Boay, BWR — Bomo-BoasSIHUI peakTop, B IKOMY
rnapa reHepyeThCcsl Oe3nocepeIHbO B aKTHUBHil
30Hi peakTopa i HanmpaBISETbCS B TypOiHY.

3 ypaxyBaHHSM MiXHapOJHOTO JOCBigy
MATATE 06yB po3pobieHuit AOKYMEHT, MpU-
CBSIUEHUI €KOHOMIlli BUBEIEHHS 3 eKCILUIyaTallil
peaktopiB BBEP-440. B ubomy 6panu yyactb BCi
KpaiHu, SIKi eKCIUTYyaTyloTh TAKWI TUI PEaKTOPiB.
OuiHka BUTpaT MpoBoAMIacd 3a yHi(hiKoBaHOIO
Mmetogukoio MAI'ATE ta ArenrtcTBa 3 simepHOI
eHeprii OECP [9]. 3a naHuMU IPOBEACHOTO aHa-
JIi3y, cepemHs BapTiCTh BUBEICHHS 3 eKCILTyaTa-
1ii eHeprob6ygoka 3 peaktopoM BBEP-440 ctaHo-
BUTH 350 MutH goi. CIIIA 3a HeraliHUIT TeMOHTaX
i 300 mna pon. CIOA mpu nmeMoHTaxi udepes
40 pokiB. HaBenmeHi gaHi cBigyaTh IIpo OyxXe
BEJIMKY, HaBiThb 3 ypaXyBaHHSM pPO30iXXHOCTel y
yaci BM3HaAueHHS, BapTicTh BuBemeHHSI AEC 3
eKCIUTyaTallii.

Peanizauig npoekty 3HaTTI AEC 3 ekcmiya-
Talii 3aJ1eXXUTh Bi TOYHOCTi OLIiIHKU OTO BapTO-
CTi, OCKiNbKM TaKa OIliHKa € (paKTopoM, 3a IKUM
OLIIHIOIOTH Pi3HI aJibTepHATUBHI ClieHapili 3
METOI0 BUOOPY HAMOLIbII ONTUMAJILHOTO BapiaH-
ta. IToOGynyBaThu MaTeMaTHM4YHy (QYHKIIiIO, SKa
BU3HAYa€ BUTPATU AJs TAKOro IPOEKTy, BOaya-
€ThCS MOXJIMBMM BUKOPHMCTOBYIOUM KitacHpika-
11i}0 BUTpAT BUXOASIYMU 3 iX OLiHKU. TpamuiiiiiHi
Migxomy no Kiacudikallii BUTpaT, 1110 € B JIiTepa-
TYPpi i $IKi 3aCTOCOBYIOTh HAa MpPaKTUlli, 10 IMpoLe-
CYy 3HSATTS 3 eKCIUlyaTalii MoXHa 3acTOoCyBaTu
Jiuiie yMoOBHO. [l Toro 1mo0 po3poOUTH TaKy
KjJacupikallilo BUTpAT, HEOOXiIHO YSBISITU BCi
eTan BUKOHAHHS pOOIT, OCKIJILKM 3arajibHa
Kiacu@ikalisgs BUTpaT Oyme MaTHM Ha KOXHOMY
eTani cBoi oco0JinBocTi. Uepes BeJIMKY KiJIbKiCThb
pi3HUX TEXHIYHMX pillleHb B IPOEKTAX Pi3HUX
AEC, Micup iXx po3TalllyBaHHS, Pi3HUN TEpMiH

eKCIUIyaTallil Ta iHIIi MOKa3HMUKHU, a TAKOX KOH-
digeHuifHicTh iHGOpMAaLIii, BaXKKO MOPiBHIOBATU
i JaBaTU XapaKTepuUCTUKU BapTocTi 3HIATTSA AEC 3
ekcrutyatanii. Ha migcraBi mpoBeaeHOro BiTUM3-
HSIHUMU aBTOopaMu aHaiidy [10] 3pobieHo Buc-
HOBOK, III0 BapTiCThb pOOIT 6e3mocepeHbO II0
3HATTIO 3 eKCIUIyaTallii aTOMHHUX peaKTOpiB
motyxHicTio 900/1000 MBT MOXHa po3rjisamaTy B
miHoBoMy piamasoHi Bim 210 €Bpo/kBT 1o
240 €Bpo/kBt. Ili X aBTOpM TIPOIOHYIOTH
BU3HAUYaTU 3arajibHy BapTiCTb MPOEKTY 3HSTTS
AEC 3 ekcmyaralii 9K cyMy IpsIMUX BUTpaT,
BUTpAT IIOTOYHOTO Iiepiomy, HelepemdadyeHUX
BUTpPAT Ta BapTOCTi peai3oBaHOIO ITiCJsl BUKO-
HaHHS TIPpOEKTy oOJagHaHHSA 1 MaTepiaiiB.
HenepenbaueHni BUTpaTM Ha eTalli MOIMEpemHixX
OLIIHOK CTaHOBJATH 25—30%. dna momnepeaHboi
CcTajil IlaHyBaHHSI BUTpAaTU Ha HellependadeHi
norpedbu craHoBiISTh 10—20%; niasg ocraToyHOI
cranii mianyBaHHsa — 5—10% Bin 3arajbHOI cyMu
BUTpAT.

st Bu3HaYeHHS NMpsMuX BUTpat 3HATTI AEC
3 eKcCIUlyaTallii 3alpOoIlOHOBaHO 3aCTOCOBYBAaTHU
METOJAN OPIEHTOBHUX PO3PaxXyHKiB 3 BUKOPU-
CTaHHSIM YKPYITHCHMX ITOKA3HMKIB, BHBEICHUX
3a MpoeKTaMU-aHaJIoTaM i 3aCHOBAaHUX Ha O0JIiKy
c(opMOBaHOI CTPYKTypHW BUTpaT Ha 00’ €KTax-
aHajorax. YKpynHeHa CTpyKTypa LIMX BUTparT, i3
3a3HAYEHHSIM IMUTOMOI Baru y BiACOTKax Bil
3arajbHOro o0cAry poOiT 3i 3HATTS 3 eKCIlUIyaTa-
uii eHepro6aoka AEC, cTaHOBUTB:

— JIe3aKTuBalis obJlafHAHHS Ta MPUMIlLlEHb —

3,6%:;

— IeMOHTax o0JlafHAHHS, iIHKEHEPHUX CUCTEM

i Tpy6oIpoBoniB — 65,5%;

— mepepo6ka pigkux PAB — 10,6%;

— nepepodka TPB — 14,8%;

— rauboka Je3aKTuBallisl i TeperiaBIeHHS

Merany — 4,8%;

— JoBedeHHs NpuminieHb 610ka AEC no cani-

TapHUX HOpM — 0,7%.

3HAYYIIiCTh Ta CKJIAOHICTH IIPOOJIEeMM 3HSITTS
AEC 3 exkcryatanii aiasg 0araTboxX KpaiH CBITY
3yMOBUJIa MiXHapOJAHE CHiBPOOITHULTBO M il
po3B’si3aHHsA. MATATE Ta iHIIi MiXHapoaHi
opraHizalil BUKOPUCTOBYIOTb CBiTOBUI IOCBI[
IJIsT po3pO0JIeHHSI CHCTeMAaTHU30BaHUX Ta KOM-
IUIEKCHUX 3aXO[iB, SIKi B HaWOinbLIil Mipi, Ha
PiBHi CyJaCHUX 3HaHb, 1O3BOJSIOTh 3a0€3MTEUUTH
mianyBaHHga 3HATTS AEC 3 exkcruryartaitii.
IIpukinagoM Takoro AOKYMEHTa, po3poOJIEHOro
3a ydJacTio OaraThbox KpaiH, € International
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Structure for Decommissioning Costing (ISDC)
of Nuclear Installations, po3po0nenuii Nuclear
Energy Agensy [11]. OaHi€to 3 HalOiIbII BaXKJIU-
BHUX YacTMH LbOro AokyMeHTa € Appendix D:
Standardised definitions for cost items aeTanbHe
BU3HAUYEHHS Ta IepeikK, 3 ypaxyBaHHSIM MiXHa-
POAHOro JOCBiAY, CKJIIAAOBUX BapTOCTi Ipolecy
3usaTTI AEC 3 excruryarairii. 3 BUKOPUCTaHHSIM
LIbOTO TIepeslikKy, y SSKOMYy BpaxoBaHO BCi Hapaai
BilOMi pi3HOBUIAM OpraHizalliiHUX, TEXHiYHMX
poO6iT Ta 3aX0iB iH(OPMaLiiHOTO 3a0e3MeUeHHS
1 KepyBaHHS IIpoliecaMu 3HATTSA OJIOKiB/OJioKa
AEC, MoXxnnBe HaWOIimbIIl TMOBHE BpaxyBaHHS
BuTpat Ha 3HATTI AEC 3 ekcIulyartallii B KOXHil
KpaiHi 3 ypaXyBaHHSIM TEXHIYHUX OCOOIUBOCTEN
npoekty AEC, MiclieBUX YMOB LIiHOYTBOPEHHS Ta
ONoAaTKyBaHHSI.

B Vkpaini B opranizairii mpouecy 3HITTI AEC
3 eKcIIyaTalii BigOyBaeTbCcsl MEBHUM mocTyn. B
il HapuHi iCHy€e CHiBpOOITHULITBO 3 MPOBIAHU-
MU MIXHAapOOZHUMM OpraHizallissMA IIOAO CTBO-
peHHS, 30KpeMa, HopMaTUBHOI 0a3u 3 opraHisa-
mii 3HaTTS AEC 3 excruryaranii. OCTaHHBOIO,
cninbHolo 3 MATATE, po3po6koro € KoHuemniist
3HATTA 3 eKCIUTyaTallii AiloYnX aTOMHUX €JIEKTPO-
craHuit Ykpainu [12] (mani — KoHuenwis). s
Konuermiis € HOpMaTUBHUM JTOKYMEHTOM, IO B
y3arajabHeHilt ¢opMi BimoOpaxkae OCHOBHI acTek-
™ pOistabHocTi i3 3HATTI AEC 3 ekcrnyaranii B
Vkpaini, KinpKicTth cramiii 3u9TTS AEC 3 ekc-
njyaTallii, OCHOBHI MOJIOXEHHS CTpaTerii 3HSITTS
AEC 3 ekcrulyaralii Ta oO0IpyHTOBaHO A€ BiAIo-
BiZlb Ha Te, B IKOMY KiHLIEBOMY CTaHi Oyae 3Haxo-
auTucs eHeprooiok AEC micias 3HATTS 3 eKc-
nayaranii. KoHLenuiss OXOIUTI0E MisAbHICTh i3
3HATTI 3 eKcmyarTanii Bcix mitoumx AEC
YKpaiHu, BKII0OYaruHu BCi II€pHi eHeprobJIoKy Ta
iHIL I AepHi YyCTAHOBKM, SIKi €KCIIyaTyIOThCs a00
BBOAUTUMYTbCS B €KCILTyaTallilo Ha iX MaiiIaHYM -
Kax TpoTSIroM aHamizoBaHoro B it Konuemiii
nepiony (40 pokiB), a TAKOX MOXJIMBY HisITbHICTb
i3 3HaTTA 3 ekcrryaranii iHmmx AEC Ykpainu B
pasi iX CTBOPEHHSI MPOTATOM BKa3aHOro Mepiony.

BuszHavyalbHUMU YMOBaMM CTpPaTErivHOTO
IUIAaHYBaHHS AiSUIBHOCTI i3 3HITTS 3 eKCILUTyaTallii
AEC BinnoBigHo no KoHuemniiii €:

— O0e3yMOBHe NOTpUMMAaHHS BCiX HOPM i BUMOT
3 Oe3rmeku Ta OOMEXKEHHSI HeraTMBHOTO BILIUBY
Ha MepCcoHas, HaceJeHHS i HABKOJUIIHE CEPEaO-
Bulle saepHux ycraHoBok AEC, 06’ekTiB, npu-
3HAYEHUX JIs1 MOBOIXKEHHS 3 palioaKTUBHUMU

Bigxomamu Ha AEC, Ha 3aBeplIaJibHOMY eTalli iX
KUTTEBOI'O LUMKJITY i BiIX0OiB, IKi BHHUKATUMYTh
Ha IIbOMY eTalli (IpiopuTeT O0e3IeKn);

— 3a0e3neYeHHs e(heKTUBHOIO BUKOPUCTAHHS
BKJIQJICHUX paHillle KOIITIiB (IIpiOpUTET BUIIPAB-
JTAHOCTi KamiTaJIOBKJIAIeHb);

— 3a20e31euyeHHs 0e3MepepBHOCTI (PYHKIIIOHY-
BaHHS SIIEPHO-EHEPreTUYHOIO KOMILUIEKCY
VkpaiHnu 3a MexXaMHu IIJIaHOBAHOTO TMepioay
(mpiopuTeT CTAbITLHOCTI B MaliOYTHHOMY);

— MiHiMi3alisg 3a MeXaMHu IJaHOBAaHOTO
Mepioay HeraTUBHUX €KOHOMIYHUX, COLiadbHUX,
€KOJIOTYHUX Ta iHIIMX HACiIKiB Bil MPUNHATUX
pileHs i gistabHOCTI i3 3HITTS AEC 3 ekcrutyara-
LIii TIPOTATOM TIAHOBAHOTO Tiepiony (MpiopuUTeT
3aXUIIEHOCTI HACTYITHUX ITOKOJIiHb).

B KoHuenuii ouiHeHi BEJIMYMHU TTOBHUX Ta
MUTOMMX BUTPAT Ha 3HSTTA 3 eKCILIyaTalii eHep-
ro6siokiB 3 peaktopamu Tuity BBEP-440 i BBEP-
1000, gki € 3icTaBHMUMM i3 CBITOBUMU HJAaHUMU
(Tadm. 2).

OueBuIHO, MO e(PeKTUBHE PillleHHS IIpo0dJIe-
MU noBoaxeHHs 3 PAB B mpolieci 3HATTS 3 €KC-
miyatanii AEC Moxe 30iliCHIOBAaTUCS TiJIbKU B
paMKax Aep>KaBHOI CUCTEMM MOBOIXEHHS 3
pamioaKTUBHUMMU BigxomamMu, sIKa mependavae
KOMIIEKCHUI TiAXiA, BKJIHOYAlOYU CTBOPEHHS
YCTaHOBOK 3 IIepepOOKM, HAasIBHICTh TPAHCIIOPT-
HUX 3ac00iB, MyHKTIB 30epiraHHs Ta 3aXOPOHEH-
Hs BigXomiB.

OcHOBHUMU mpobOjaeMaMHu B cdepi 3HATTA
AEC 3 excrryaTtallii MOKHa BUBHAUYUTH TaKi:

— BIiJICYTHICTh LIIJICHOI 3aKOHOAaBYO1 Ta HOP-
MaTUBHOI 6a3u 3 3a0e3MeYeHHS BChOTO IPOlLIe-
cy 3HATTA 3 ekcruyaTanii AEC;

— HeOoOXiAHICTb PO3pOOKHU i CXBaJIEeHHS 3arajb-
HOJAEpKaBHOI IIPpOTpaMu 110 3HATTIO 3 €KCILTya-
tauii AEC i yrumizanii Bcix BUIIB paTioaKTHB-
HUX BIiIXOJiB, sIKa MOBUHHA OYyTHM 0E€3yMOBHO
3abesrneyeHa (iHaHCYBaHHSIM 3 BUKOPMUCTAH-
HSIM BCiX MOXJIMBUX JIKEpel;

— BIiJICYTHICTh HEOOXiMHOI KiJbKOCTi CXOBMIII
s PAB i BAIL,

— BiACYTHICTb CIIelliai30BaHUX OpTaHi3alliil Ta
IMiZIPUEMCTB, SIKi MalOTh BHUKOHYBAaTHU BeEChb
KoMILIeKC pobiT 3HATT 3 ekcruyaTanii AEC.

B YkpaiHi BincyTHill TOCBiI TJITaHOBOTO 3HST-
T4 3 ekcrutyarauii AEC. JTocBin, HaOyTuii B IIpo-
1eci momojaHHS HachigkiB YopHOOUIBCHKOI
KatacTpodu, €, 0e3yMOBHO, IyXe IIHHUM, aje
MOTO MOXHA PO3MISIIATH SIK pe3yIbTaT 3MiiCHEH-
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HS iHAMBIAYaJIbHOTO MPOEKTY, B Mpoleci peai-
3allii IKoro OyJiM 3aCTOCOBaHi 3axoau, B Iepe-
BaXHilA OinbIIOCTiI, aBapililHOTO XapakTepy.
OgnHi€elo 3 0co0aMBOCTE Oyia BiACYTHICTh mome-
peIHbOro TJIAHYBAHHS BChOI'O IPOLECY i B TOMY
yuciai o0cdariB (¢iHaHCYyBaHHS BUKOHYBaHUX
3ax0/iB.

OuinuTy moTpedn y (piHaHCYBaHHI 3HATTS 3
ekcryaTanii ykpaiHcbkux AEC moku 1mo Mox-
JIMBO TUJILKM TPUOJIU3HO 32 pO3PaxXyHKOBUMU Ta
eKCIMEPTHUMU OLIiIHKAMU.

3a Haka3oMm MiHicTepcTBa eHepreTUKM Ta
BYTiIbHOI TIPOMMCIOBOCTI YKpaiHM BapTiCcThb
BUKOHAHHS POOIT i3 3HATTS 3 eKCIyaTalii JaJs
BBEP-440 ouineno y 524 mon. CIIA/xBrT,
BBEP-1000 y 378 mon. CLIA/xBt [12]. Ouinka
MMTOMOI BapTOCTi TaKUX POOIT 32 PI3HUMU IKe-
penamu crtaHoBUTh Big 750 mo 1000 moo.
CIIA/kBT.

HabnuxeHHs1 CTpOKiB BUBEIECHHS 3 €KCIya-
talii ykpaiHcbkux AEC moTpedye OLliHEHHS
o0csary ioro ¢giHaHcyBaHHs. BUKOHaHHSI Takoi
OLIiIHKY MOXHa 3pO0OUTU BUXOASYM 3 TAKUX IPU-
nmymieHb. B poni mxepena ¢piHaHCyBaHHS Bigkiia-
JIIEHOTO 3HATTS 3 eKcIryaTalrii ykpaiHcbkux AEC
BM3HAYMMO BUKIIIOUHO Tapu@d Ha BUPOOJICHY
HUMU eJieKTpoeHeprilo. OCKiAbKM MOKU 110
OCTaTOYHO HE BM3HAUY€Hi MOBHI TEPMiHU POOOTHU
ykpaiHcbkux AEC 1o 3HATTA iX 3 eKcryaTallii,
BUKOPUCTAEMO OLIHKM TaKMX TEPMiHIB 3 Pi3HUX

Jxepeia. BBaxaioTb MOXIMBUMU POOOTY €HEPro-
61oka AEC 3a nmpoektom mnpotsarom 30 pokiB,
MPOMOBXEHHS oro eKcruryartailii me Ha 30 pokiB
Ta IiCJs1 OCTaTOYHOI 3yNMUHKM 3HATTS 3 €KCIUTya-
Tanii i geMoHTax mnpotrsarom 20 pokiB.
Koe@iieHT BUKOpUCTAaHHS  BCTaHOBJICHOI
nmotyxHocTi (KBBII) 3a pi3HuMHM omiHKamu
MOXKHa BBaxKaTW TAKKUM, 110 3MiHIOETHCS B MeXKax
0,65—0,72 MpoTATOM MPOEKTHOTO TEPMiHY €KC-
muryaTtauii ta 0,68—0,75 npoTsaromM TepMiHy Hpo-
IIOBXKEHOI ekcrutyarailrii. s pi3HUX poOKiB eKc-
myaTanii eHepro6okiB AEC 3nauennss KBBII 3
3a3HaYeHMX [ialla30HiB BU3HAYEHO BUITAAKOBUM
YHHOM.

3acToCcOBYIOUYM BKa3aHi (piHaHCOBI Ta 4acoBi
MOKa3HMKU TIPOLeCY 3HATTS 3 eKCIyaTallii
eHeproosokiB AEC Tta 3asnaueni y KoHuemnii
TEpMiHU BBEJEHHS Yy €KCIlyaTalilo eHeprobJo-
KiB ykpaiHncekux AEC oOunciieHO moTpiOHMIA
IIOPIYHMIA Ta 3aTaJibHUI 00CATU (piHAHCYBaHHS
IUJTST OCTaTOYHOTO BUBEAEHHS yKpaiHChbKUX AEC 3
excrutyataiii. [llopiyna moTpeda y ¢piHaHCyBaH-
Hi BU3HaYajach CTAJIOIO IIPOTITOM POKY IIPOMHOp-
LiAHO BCTAHOBJIEHi MOTYXHOCTI €HeprodjokKa
AEC. Pe3ynbraTi po3paxyHKiB LIOPiYHOI ITOTpe-
Ou y (piHaHCYBaHHi 3HITTS 3 eKCILTyaTallii BCiX
ykpaiHcbkux AEC i3 iCHy10UMM CKJ1aIoM eHepro-
0JI0KiB HaBeJeHO Ha puc. 3.

3a maHMMU TPOBEIEHNX PO3PaXyHKIB IIOPiY-
HOI IOoTpedu y (piHaHCYBaHHI 3HSITTS 3 €KCILIya-

Ta6mumg 2 — OniHka TpymoBHTpaT i ¢iHAHCOBHUX BUTPAT Ha 3HATTS 3 €KCIUIyaTallii eHeprobJIoKiB
3 peakropamu tuiry BBEP-440 i BBEP-1000 (cranom Ha 31.12.2012 p.)

[Tapamerp|TpymnoBuTpaTH, [ToBHi BuTpatu®**  |[Iuromi BuTpatu Ha 1 MBT**
THOIMHOPOKH * MIH TPH | MIH J071. | MiH rpH (MaH goin. CIIA
Tun peaxropa CILIA
BiaknaneHuid AeMOHTax
BBEP-440 7069 2303,0 288,1 5.52 0,69
BBEP-1000 8142 2934,5 367,1 2,93 0,37
HeBinknaaHuii 1eMOHTaX
BBEP-440 5444 1808,3 2263 4,33 0,54
BBEP-1000 6418 2328,7 291,3 2,33 0,29

* 3 ypaxyBaHHSIM TPYAOBUTpPAT Ha CTaAii MPUIIMHEHHS eKCILTyaTalLlii.

** 3 ypaxyBaHHSIM BUTpAT Ha CTail MPUIMUHEHHS eKCILTyaTallii.
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Tauii Bcix ykpaiHcbkux AEC BigmoBimHo BuOpa-
HOMY Jialla30HYy 3HayeHb MUTOMOI IIOTPEeOU Yy
TakoMy (piHaHCYBaHHi BU3HA4YEHO Jiala30H 3Ha-
YeHb 3arajibHOro 00ciry ¢iHaHcyBaHHs. BiH cTa-
HOBUTH Bifn 5,4 no 13,84 mapa mon. CIITA. B pa3si
¢iHaHCyBaHHSI poOOIT i3 3HATTS 3 eKCIUIyaralii
omokiB BBEP 3a paxynok Ttapudy nags AEC
HeoOXxigHa HambaBKa A0 mitodoro tapudy 2,8 —
5,3 non. CIHA/MBT'ron. CtaHOM Ha 4YepBeHb
2016 p. HakomM4eHO OJIM3BKO 2575 MIH IpH y
donai 3uatTa AEC VYkpaiHM 3 exkcrulyartailii
(mpu6ausHo 93 muH gon. CIIA). BigpaxyBaHHS
B 1eil ¢oum posmnouaro y 2005 p. Buxomsgum 3
OpOTOPLil MiXX CTPOKOM HAKOIIMYEHHSI KOIITiB
Ta iX 00CsArOM, MOXHa OYiKyBaTH HaKOIMWYEHHS
He 6inbire 300 muH goj. CIIA B pasi excriyaTa-
uii ykpaincbkux AEC npotsirom 30 poxkiB.

HakomnuueHHs1 moTpiOHOTO 00CATy KOIITiB
ISt 3HATTS yKpaiHcbkux AEC 3 ekcruryarairii ta
oro 30epeXeHHS NPOTSATOM KibKOX A€CITUIIITh
€ OKpEeMOI0 3ajauelo, LJISIXM PO3B’SI3aHHS SIKOi
MNoTpedyIOTh OKPEMOro BMBYEHHS. 3 METOIO
KoMIleHcallii iH@agLii Ha oO0csAr KOIUTIB, fKi
OydyThb HAKOIIMYYBAaTUCh 3a PAXyHOK LLJIbOBOI
Hag0aBKM MOXJIWBO IIPOTSTOM HaKOIMYEHHS
30iAICHIOBATU iX iHBECTYBaHHSI B HaJiliHi LiHHi
namepu, Hampukiaaa, B objairauii KazHaueiicTa
CIIA.

ButpaTu Ha 3HATTH
3 eKCITyaTaiii,
mJH. goJa. CHIA
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BHCHOBKH

1. ATOMHIi ejeKTpocTaHLii YKpaiHu Bimir-
paloTh BaxKJMBY POJib y 3a0e3IeYeHHi eeKTpUY-
HOI0 E€HEepri€lo HallioHaJbHOI €KOHOMIiKHu Ta
cotianpHOil chepn. ToMy 3abe3reueHHS Hamili-
HocTi ¢pyHkuioHyBaHHs1 AEC YkpaiHu € ogHUM
i3 3aBJaHb HAILliOHAJbHOI EHEPTETUYHOI OE€3MEKM,
BUKOHAHHS SIKOT'0 ITOTPeOY€E CTBOPEHHS i TOTPU-
MaHHSI YMOB peaJi3allii iX ITOBHOI0 XXUTTEBOTO
LUKIIY — IIPOEKTHOI eKCILIyaTallii, MpOoJdOBXEHHS
eKcIUlyaTallii, BUBEAEHHSI 3 €KCIUIyaTalii Ta
MOBOMXXEHHSI 3 padioOaKTMBHUMHU BigxomaMu 3
3a0e3MeYeHHSIM HEeOOXiTHOTO (hiHaHCYBaHHS.

2. 3rigHo 3 pekomeHaauismu MATATE, 6a3o-
BaHMMHM Ha CBIiTOBiii MNpakKTHUli, A0 MNOYaTKy
KoMepuiiiHoi ekcrryatanii AEC maroTe Oyt
BU3HAUYEHI TEPMiHUM i 00CSIrU MaOyTHIX BUTpPAT
Ha i1 3HITTS 3 eKCIUlyaTallii, TOpsIOK HAKOMMU-
YeHHs KOINTIB JJIg HOKPHUTTS LUX BUTPAT IIPHU
3aBepIlIeHHI 11 eKCIUTyaTallii, Jkepeaa MOKPUTTS
BUTpAT y pa3i mepeayacHOTo IPUIIMHEHHS eKC-
myatanii AEC.

3. CtanoMm Ha 1| uepBHs 2016 p. B YkpaiHi
3ape3epBoBaHoO 2,575 mupa rpH (0113bK0 93 MITH
poa. CIHIA) ngng 3abe3nedyeHHsT OisSLIbHOCTI i3
3HATTS 3 eKcITyaTalii BiTynsusaHux AEC, a mak-

[MuToMi BUTPATH HA 3HATTH
3 eKcnyaTauii BCTAHOBJIECHO]
MOTYKHOCTI

~+=378 noa. CIHIA/xBY
=B-750 noa. CIHIA/xBry
=4~ 1000 10a. CIIHA/&BrY

Pik

2065 2070 2075 2080 2085

Puc. 3. Po3paxyHKOBi ToTpebn y (piHaHCYBaHHI 3HSATTS 3 eKcITyaTalil ykpaincbkux AEC 3 ypaxyBaHHSIM
MOJOBXEHHS TEPMiHYy eKCIuTyaTallii
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CUMAaJIbHUM 00CST HAKONIMYEHUX KOIITIB 3a dil0-
YUM 3aKOHOJABCTBOM Bin ycix icHyioumx AEC
YKpaiHu OpoTAroM TEpMiHY iX eKCILTyaTalii oyae
craHoBUTU Oau3bko 300 man mon. CIHA. 3a
ONTUMICTUMHUMMU OLIIHKAMM TTMTOMOI BapTOCTi
3HATTSA 3 eKcIutyarauii eHeprooysiokis BBEP Ha
piBHi 390 gon. CIIIA 3a kBT BcTaHOBIIEHOI ITOTYXK-
HOCTi, IKa HaBeaeHa B «KoHIemnii 3HSITTS 3 eKC-
nayaTtaulii Oilo4yMx eJeKTPOCTaHLi YKpaiHu»,
3aTBepakeHoi Hakazom MiHicTepcTBa eHEepreTH-
KM Ta BYTUIBHOI MPOMMCIOBOCTI YKpaiHU Big
10.12.2015 p. Ne 798 HeoOXigHO Oyae BUTPATUTHU
o6m3pko 5,4 mapna mon. CHIA. Taka HeBigmoBin-
HICTb MOTPiOHOro (hiHAHCYBAHHSI Ta MOXJIKUBO-
cTeil oro 3abe3meveHHs 3a iCHYIYOi CUCTEMM
CBiAYUTb PO HEOOXiAHICTD 11 Mepersay.

4. Pe3ynbTaTu BUKOHAHMX JOCTIIXEHb CBif-
YyaTh MPO HEOOXigHICTh BUPIIIEHHS TaKUX IIPO-
o1em:

— aKTyaJIbHOIO NIpPOO0JEMOI0 € CTBOPEHHS B
VYKpaiHi KOMIJIEKCHOI CHUCTeMM ITOBOJXEHHS 3
pafioakKTUBHUMU BigxogaMu, 0COOJIMBO 3 OTJISIAY
Ha Te, 110 mounHatouu 3 2018 p. Mmoxe po3mnoua-
THUCS TIPOLIEC TIOBEPHEHHS BUCOKOAKTUBHUX Bill-
xoxiB 3 Pociiicbkoi Menepanii. Tomy moTpidHa
po3po0Ka KOHILIETIil MOBOIXEHHS 3 pagioaKTUB-
Humu Bigxomamu gitounx AEC VYkpainu, ska
IOHalMeHIIe Ma€ IepeadayaTu I'PYHTOBHUM
aHaJli3 icCHyouoi cucTteMM Kiacudikaluii pamio-
aKTUBHMX BIiJIXOAiB, YpaXyBaHHSI CY4YacCHOTIO
CTaHy TEXHOJIOTiiA iX mepepoOKu, a TakKoxX, 3a
HEeOoOXiZHOCTi, 3MiHY iCHYIOUO1 CUCTEMHU 3 METOIO
MiHiMi3allii 00CsTiB YTBOPEHHS BUCOKOAKTUBHUX
Ta cepelHbOAKTUBHMX BiIXO/iB, 110 MOTPEOYIOTH
TPUBAJIOTO 30epiraHHs a00 3aXOPOHEHHS;

— Ii€BHUM 3aXOI0M, 110 JO3BOJUTH B IOBHOMY
00Cs13i HAKOIIMYUTH KOIITH Ha 3HSITTS 3 €KCILTya-
tauii gitounx AEC Vkpainu, a Takox ¢iHaHCY-
BaHHS 3aX0/iB 3 MOBOJKEHHS 3 palioaKTUBHUMU
BiXxomaMu € BCTaHOBJIEHHS ILiJIbOBOi Haa0aBKU
no Tapudy Ha enektpoeHepriio AEC, ska 3rimHo
3 BUKOHAHMMU IOCTiIXEHHIMUA Ma€E CTAHOBUTU
0,6 — 1 menra CIIIA 3a xBr'rox;

— 3 MeTOol KOoMIeHcallil iH@Jsauii Ha oOcsr
KOILTIB, IKi OyAyTh HAKOIIMUYBAaTUCh 32 PAXYHOK
LiTbOBOI HaA0aBKU IJs 3a0e3MeYyeHHsT 3HSTTS
AEC 3 ekcryaTtalii, JOUJILHO MIPOTITroM HaKo-
MUYEHHS 3AiCHIOBATH iX iHBECTYBaHHS B Hamiii-
Hi LiHHI nDamepu, HaIpukiaaa, B oOJirauii
KasnaueiictBa CIIIA;

— 3aIs1 BigTepMiHYBAaHHSI IIOYATKY IIPOIIECY

3HATTS 3 eKcruryaTanii mitounx AEC, a Takox
OTPUMAaHHS JOJATKOBOTO Yacy MIJIsI HAKOITMYSHHS
IOCTaTHiIX KOIUTiB, HOLIJIbHO 3a0e3Me4nuTH
JTOTPUMAHHSI MPOEKTHUX PEXMUMIiB eKCILIyaTallil
nitounx AEC (B 6a30BOMY pexXuMi), 11O ITOTEH-
LIiliHO 3a0€31eYnTh BUCOKI MOKAa3HUKHU HaliliHO-
cti oonagHaHHs AEC i m03BOMIUTH MOTOBXUTU
TepMiHM 1X eKchjayaTtauii Oijlbine HiX Ha
20 poKiB.
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We have determined the prospective conditions for the decommissioning of nuclear power
plants in Ukraine on the basis of analysis of the current state and prospects of the development
of nuclear power generation with regard for world experience. We have analyzed the current
state of regulatory support and estimated the cost of the decommissioning of Ukrainian
nuclear power plants with regard for international experience and opportunities of its imple-

mentation in Ukraine.
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The importance of nuclear power generation in
Ukraine in recent years has increased significantly.
Until 2014, almost 50% of electricity of the
Integrated Power System of Ukraine was generated
by domestic nuclear power plants (NPP), and this
percentage in recent years for certain calendar
months was higher than 65%. In the future, we can
expect an increase in the NPP capacity because the
levelized cost of electricity produced at nuclear
power plants as of 2015 in the world is competitive
relative to electricity-generating technologies that
use coal, natural gas and renewable energy sources
[1], as shown in Fig. 1.

In the case of increasing nuclear power genera-
tion, each GW of new capacities will require addi-
tional 150 tons of uranium per year and about 300—
450 tons of uranium for the first fuel load [2].

As of 2016, four nuclear power plants with 15
generating units work in Ukraine. The total

© S.V. SHULZHENKO, O.L. RADCHENKO, 2017

installed capacity of the working Ukrainian power
units according to National Power Company
“Ukrenergo” (provides operative management
control of Integrated Power System of Ukraine) is
13,835 MW(e) [3]. Till 2020, the project operation
life of 9 nuclear reactors comes to an end in
Ukraine [4].

The need for the decommissioning in the near
future of a significant number of nuclear facilities in
the nuclear industry of the world became obvious in
the middle of 80-ies of the XX century. One of the
most difficult aspects of the process of decommis-
sioning of nuclear power facilities lies in the fact
that it forms radioactive waste (RW) in large quan-
tities. For example, at the decommissioning of 125
(as of 2003) nuclear reactors in the EU, the total
amount of RW is estimated as 1,600 thousand tons
[5]. These wastes must be securely isolated and
stored for long periods of time in special storage
facilities. It is known [6] that, at the decommission-
ing of a VVER-type reactor, the total mass of solid
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Fig. 1. Plans to build nuclear reactors in the world

RW even in 50 years after its final stop will be 320—
350 tons. It should be noted that, according to
available data, the extension of the lifetime of a
reactor over the design period (30 year) practically
has no effect on the radioactivity of its structures:
for every additional 15 years of operation, there is
an increase in radioactivity by approximately 2%.
Fig. 2 [6] shows the dependence of activity of the
entire power unit on the time of exposure after its
final stop.

There can be selected three main possible
options for the decommissioning of NPP:

1. Direct fast dismantling of the power plant. In
this case, the spent nuclear fuel and coolant after
long-term standing are taken out to the storage with
radiation protection. All materials and equipment
contaminated with radiation are dismantled and
removed. The station area is transferred to the radia-
tion-safe condition. The volume of radioactive waste
is estimated as 18—20 thousand m? on the average.
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Fig. 2. Dependence of the radioactivity of a stopped VVER-type reactor on the time of exposure
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Table 1 — Costs (in prices of 1994) for the decommissioning and dismantling
of nuclear power plants in the world [8]

Fast dismantling, Deferred dismantling,
Country | Reactor type Power, MW min. DM mln. DM

PWR 1200 565 570
Germany

BWR 770 740 690
Belgium PWR 900 560 660

PWR* 450 470
Netherlands 350

BWR 60 305

PWR 860 200 -
Sweden

BWR 1160 260 -

PWR 1100 300 -
USA

BWR 1100 370 -

*) In prices of 1995

2. Deferred dismantling. In this case, the spent
fuel and coolant are removed from the territory of
NPP and, after preservation for several decades
(30—100 years depending on the standards existing
in the country), dismantling and final cleanup of
the NPP territory are carried out. The volume of
radioactive waste as compared with immediate
rapid dismantling is reduced slightly to 17 thousand
m?3 on the average.

3. Isolation. All radioactive waste is left at the
NPP, which is isolated in a sarcophagus. The con-
struction of the sarcophagus must enable one to
monitor periodically the state of its contents. After
a certain number of years (100 or more), the exam-
ination of contents of the sarcophagus and its
decontamination can be performed. The quantity
of radioactive waste is 10 thousand m? on the aver-
age.

Immediate dismantling has several advantages,
namely, the opportunity to use the plant staff and
technological equipment of NPP at the disman-
tling. Deferred dismantling has the following draw-
back: after waiting for dozens of years, other tech-
nologies will be involved for the continuation of
dismantling of nuclear power plants, and a piece of
the information about the object will inevitably be
lost. On the other hand, in the case of deferred dis-
mantling, during the long-term exposure of
stopped reactors, new technologies and technical
solutions will be developed, and they will enable

one to accomplish the work better. The grounds for
taking decision on the specific option are the fol-
lowing [7]:

a) the presence of a final repository for elements
of the reactor/reactors, the absence/presence of
necessary funding for the immediate removal, the
reduction of radioactivity, and the cost of process-
ing and conditioning of RW;

b) the opportunity, in the course of dismantling,
of employment and the application of experience of
the operating plant staff, the existing plant infra-
structure and technological equipment, the condi-
tions for obtaining licenses, the absence of need in
the expenditures for control and retention of the
object if the option of safe conservation is adopted,
and the repeated use of NPP site.

Up to now, due to the lack of sufficient practical
experience, any "reliable" project for the disman-
tling of a large industrial reactor has not been
implemented completely. Therefore, all economic
calculations related to the decommissioning of
nuclear power plant are approximate. According to
expert estimates, the total costs will constitute no
less than 10% of the cost of NPP construction. For
example, in Germany, on the territory of former
GDR, the dismantling of 6 reactors manufactured
in the USSR is estimated as at least $3 billion. The
cost of construction of the same number of modern
nuclear power plants of the same power would be
equal to this value. The approximate generalized
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estimates of the cost of such works are given in
Table 1. In this table, the following notation is
used: PWR is a pressurized water reactor where
ordinary (light) water is used as moderator and
coolant; BWR is a pressurized water reactor where
steam is generated directly in the reactor core and is
directed to a turbine.

With regard for international experience, the
IAEA has developed a document on the economics
of decommissioning of VVER-440 reactors. This
work involved all countries where this type of reac-
tors is operated. Cost estimation was performed by
the unified method of the TAEA and Nuclear
Energy Agency of the OECD [9]. According to the
results of analysis, the average cost of decommis-
sioning of a power unit with a VVER-440 reactor is
$350 million for the immediate removal, and $300
million for dismantling after 40 years. The above
data indicate a very large, even with regard for the
differences in time of determination, value of NPP
decommissioning.

The realization of the project of decommission-
ing of a nuclear power plant depends on the accu-
racy of estimating its cost because such an estimate
is a factor used for the analysis of different alterna-
tive scenarios to choose the optimal variant. It is
possible to build a mathematical function that
determines the costs for such a project using the
classification of expenses based on their estima-
tion. Traditional approaches to the classification of
expenditures that can be found in the literature and
are used in practice can be applied only condition-
ally to the process of decommissioning. In order to
develop such a classification of costs, it is necessary
to imagine all the stages of works because the gen-
eral classification of costs will have its features at
each stage. Due to a large number of different tech-
nical decisions in the projects of different nuclear
power plants, their locations, different service life,
and other parameters as well as the confidentiality
of information, it is difficult to compare and give
details of the costs of decommissioning of nuclear
power plants. Based on the analysis of the domestic
authors [10], it was concluded that the cost of work
involved in the decommissioning of nuclear reac-
tors with a power of 900/1000 MW can belong to
the price range from 210 € /kW to 240 € /kW.
These authors propose to determine the total cost
of project of the decommissioning of NPP as the
sum of direct costs, the costs of current period,
unforeseen costs, and the value of equipment and
materials sold after realization of the project. The
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unforeseen costs at the stage of previous estima-
tions make up 25—30%. For the preliminary stage
of planning, the costs of unforeseen needs are 10—
20% and, for the final stage of planning, 5—10% of
the total costs.

To determine the direct costs of the decommis-
sioning of NPP, it is proposed to apply the methods
of approximate calculations with the use of aggre-
gated parameters, derived according to projects-
analogs and based on taking into account the exist-
ing cost structure at objects-analogs. The aggregat-
ed structure of these costs with mentioning the spe-
cific weight in percents of the total volume of works
on the decommissioning of an NPP unit is:

— decontamination of equipment and premises is
3.6%;

— dismantling of equipment, utility systems, and
pipelines is 65.5%;

— liquid radioactive waste processing is 10.6%;

— solid radioactive waste processing 14.8%;

— deep deactivation and melting of the metal is
4.8%;

— bringing the premises of an NPP unit to sani-
tary standards is 0.7%.

The importance and complexity of the problem
of decommissioning of nuclear power plants in
many countries has led to the world cooperation for
its solution. The TAEA and other international
organizations use international experience to devel-
op systematic and comprehensive measures, which
to the greatest extent, at the level of modern knowl-
edge, will enable one to provide planning of the
decommissioning of NPP. An example of such a
document, developed with the participation of
many countries, is the International Structure for
Decommissioning Costing (ISDC) of Nuclear
Installations, developed by the Nuclear Energy
Agency [11]. One of the most important parts of
this document is Appendix D: Standardized
Definitions for Cost Items, where one can find a
detailed definition and a list, based on international
experience, of the components of cost decommis-
sioning of the of NPP. With using this list, which
takes into account all currently known varieties of
the organizational and technical works and meas-
ures on the information provision and management
of the processes of decommissioning of NPP
blocks, it is possible to most completely take into
account the costs of decommissioning of NPP in
each country with regard for the technical charac-
teristics of NPP project, and local conditions of
pricing and taxation.
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In Ukraine, there is a certain progress in the
organization of the process of decommissioning of
NPP. In this field, there exists a cooperation with
leading international organizations to establish, in
particular, the regulatory framework for the organ-
ization of decommissioning of NPP. The latter,
together with IAEA, development is the Concept of
Decommissioning of the Operating Nuclear Power
Plants of Ukraine [12] (hereinafter — Concept).
This Concept is a normative document that in gen-
eralized form reflects the main aspects of the
decommissioning of nuclear power plants working
in Ukraine, the number of stages of the decommis-
sioning of nuclear power plants, the main state-
ments of strategy of the decommissioning of NPP
and gives a substantiated the answer to the question
on the final state of a power generating unit of the
nuclear power plant after decommissioning. The
concept covers the activity on the decommissioning
of all working nuclear power plants in Ukraine,
including all nuclear power units and other nuclear
installations, which work or will be put into opera-
tion at their sites during the Concept period (40
years) as well as possible activities for the decom-
missioning of other nuclear power plants of
Ukraine in the case of their building for the speci-
fied period.

The defining conductions of strategic planning
of the decommissioning of nuclear power plants
according to the Concept are:
unconditional observance of all norms and
safety requirements as well as the limitation of
negative impact on the personnel, population,

and the environment of nuclear installations of

NPP and objects intended for the management of
radioactive waste at nuclear power plants at the
final stage of their life cycle and waste that will
arise at this stage (safety priority);

— ensuring of the efficient use of previously invest-
ed funds (priority of investment justification);

— ensuring of the continuity of functioning of the
nuclear energy complex of Ukraine outside the
planning period (priority of stability in the
future);

— minimization beyond the planning period of
negative economic, social, environmental and
other consequences of the decisions and activities
of the decommissioning of NPP during the plan-
ning period (priority of the protect ability of
future generations).

In the Concept, the values of full and specific
costs for the decommissioning of VVER-440 and
VVER-1000 units were estimated, and they are
comparable to global data (Table 2).

It is obvious that an efficient solution of the
problems of RW management in the process of the
decommissioning of nuclear power plant may only
be carried out in the framework of a state system of
radioactive waste management, which envisions a
complex approach, including the building of repro-
cessing facilities, the availability of vehicles, storage
facilities and waste disposal.

We may think that the main problems in the
field of the decommissioning of NPP are the fol-
lowing:

— the lack of integral legislative and regulatory
framework for ensuring the entire process of the
decommissioning of nuclear power plants;

Table 2 — Assessment of labor costs and financial costs for the decommissioning of power units
with VVER-440 and VVER-1000 reactors (as on 31.12.2012)

Parameter|Staff, Full cost** Specific costs per | MW**
Wperson xyear*  min, UAH| $M  [min. UAH | $M
Deferred dismantling
VVER-440 7069 2303.0 288.1 5.92 0.69
VVER-1000 8142 2934.5 367.1 293 0.37
Immediate dismantling
VVER-440 5444 1808.3 226.3 4.33 0.54
VVER-1000 6418 2328.7 291.3 233 0.29

* Considering labor costs at the stage of decommissioning.

** Taking into account costs at the stage of decommissioning.
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— the need for the development and adoption of
national programs for the decommissioning of
nuclear power plants and utilization of all types of
radioactive waste, which must be undoubtedly
funded by using all possible sources;

— the lack of the required number of repositories
for radioactive waste and spent nuclear fuel;

— the lack of specialized organizations and com-
panies which must fulfill the whole complex of
works for the decommissioning of nuclear power
plants.

In Ukraine, there is no experience of the
planned decommissioning of nuclear power plants.
The experience acquired in the course of overcom-
ing the consequences of the Chernobyl disaster is,
of course, very valuable, but it can be considered as
the result of implementation of the individual proj-
ect, in the process of realization of which the meas-
ures of emergency nature were mainly applied. One
of the features was here the lack of pre-planning of
the entire process, including funding of the activi-
ties carried out.

Funding requirements for the decommissioning
of Ukrainian nuclear power plants can be only
roughly estimated according to calculations and
expert evaluation. By the order of the Ministry of
Energy and Coal Industry, the cost of works for the
decommissioning of VVER-440 is estimated as
$524/kW, VVER-1000 as $378/kW [12].
Assessment of the specific cost of such work
according to different sources constitutes from $750
to $1,000 /kW.

The approach of time of the decommissioning of
Ukrainian nuclear power plants requires to estimate
of the volume of its financing. This assessment can
be carried out proceeding from the following
assumptions. As a source of funding of the deferred
decommissioning of Ukrainian nuclear power
plants, we take solely the tariff for the produced
electricity. Since the full term of work of Ukrainian
nuclear power plants until their decommissioning
has not been determined finally, we shall use the
estimates of these terms from different sources. It is
assumed that a power unit of the NPP will work
under the project for 30 years, then its operation
will be extended for additional 30 years, and after
the final stop, it will be decommissioned and dis-
mantled for 20 years. We way assume that, accord-
ing to various estimates, the coefficient of installed
capacity utilization (capacity factor) changes in the
range from 0.65 to 0.72 for the design lifetime and
from 0.68 and 0.75 for the period of extended oper-

ation. For different years of the operation of power
units, the value of capacity factor from mentioned
intervals is determined randomly.

By applying these financial and time parameters
of the process of decommissioning of NPP units
and the terms of commissioning of the power units
at Ukrainian NPP, specified in the Concept, we
calculated the required annual and total funding for
the final withdrawal of Ukrainian NPP from opera-
tion. The annual funding requirements were con-
sidered as constant throughout the year in propor-
tion to the installed capacity of the unit. The results
of calculations of the annual funding requirement
for the decommissioning of all Ukrainian nuclear
power plants with the existing composition of
power units are presented in Fig. 3.

According to the calculations of annual funding
requirements for the decommissioning of all
Ukrainian nuclear power plants according to the
chosen range of values of the specific needs in such
financing, we have determined the range of values
of the overall funding. It varies from 5.4 to 13.84
billion US dollars. In the case of financing of the
decommissioning of VVER units at the expense of
tariff for nuclear power plants, a surcharge to the
current tariff of $2.8 — $5.3/MWh is required. As of
June 2016, about 2,575 million hryvnas was accu-
mulated at the Fund of decommissioning of nuclear
power plants of Ukraine (approximately 93 million
US dollars). Contributions to this Fund com-
menced in 2005. On the basis of proportion
between the period of accumulation of these funds
and their volume, one may expect the accumula-
tion of not more than 300 million US dollars in the
case of operation of the Ukrainian nuclear power
plants within 30 years.

The accumulation of necessary volume of funds
for the recommissioning of Ukrainian nuclear
power plants and its conservation for several
decades is a separate task, the solution of which
requires a separate study. To compensate the influ-
ence of inflation on the amount of funds that will be
accumulated at the expense of purposeful sur-
charge, it is possible, during their accumulation, to
carry out their investing to reliable securities, e.g.,
Treasury bonds of the United States.

CONCLUSIONS

1. The nuclear power plants of Ukraine play an
important role in providing electric energy for the
national economy and social sphere. Therefore,
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Fig. 3. Estimated funding requirements for the decommissioning of Ukrainian NPP with regard
for their lifetime extension

ensuring the reliability of functioning of the nuclear
power plants of Ukraine is one of the important
objectives of national energy security, the imple-
mentation of which requires to establish and
observe the conditions of realization of their full life
cycle, namely design operation, extension of oper-
ation, decommissioning, and radioactive waste
management with the provision of necessary fund-
ing.

2. According to the recommendations of IAEA,
based on international practice, before the begin-
ning of the commercial operation of nuclear power
plants, it is necessary to determine the timing and
volumes of future costs for their decommissioning,
the order of accumulating funds to cover these costs
at the end of their operation, and the sources of
financing in the case of early termination of NPP
operation.

3. As of June 1, 2016, 2.575 billion hryvnas
(about 93 million US dollars) was reserved in
Ukraine to provide activities for the decommission-
ing of domestic nuclear power plants. Under cur-
rent legislation, the maximum amount of accumu-
lated funds from all existing NPP of Ukraine during
their lifetime will be about 300 million US dollars.
According to optimistic estimates of the specific
cost of decommissioning of a VVER unit at a level

of $390 per kW of installed capacity, which is given
in the Concept of Decommissioning of the working
Nuclear Power Plants of Ukraine, approved by the
order of the Ministry of Energy and Coal Industry
on December 10, 2015 No. 798, it will be necessary
to spend about 5.4 billion US dollars. This discrep-
ancy between the required funding and opportuni-
ties to ensure it under the existing system demon-
strates the need for its revision.

4. The results of our investigation indicate the
necessity to address the following issues:

— the creation in Ukraine of an integrated sys-
tem of the management of radioactive waste is an
actual problem, especially iv view of the fact that,
starting from 2018, the process of return of high-
level waste from the Russian Federation can be ini-
tiated. Therefore, it is necessary to develop the con-
cept of radioactive waste management at the oper-
ating NPP of Ukraine. This concept, as a mini-
mum, should include a thorough analysis of the
existing system of the classification of radioactive
waste, taking into account the current state of the
technologies of their processing, and, if necessary, a
change in the current system to minimize the vol-
ume of the formation of high- and intermediate-
level waste requiring long-term storage or disposal;

— establishing a purposeful surcharge to the tariff

48 ISSN 1562-8965. The Problems of General Energy, 2017, issue 1 (48)



Prospective conditions of the decommissioning of power units of the Ukrainian NPP with regard for the requirements of the EU and IAEA

for electricity of nuclear power plants, which,
according to our investigations, should be between
0.6 and 1 cent per kWh, is an efficient measure that
will enable one to accumulate in full funds for the
decommissioning of working NPP of Ukraine as
well as the funding of radioactive waste manage-
ment;

— to compensate the influence of inflation on
the volume of funds that will be accumulated at the
expense of purposeful surcharge to ensure the
decommissioning of nuclear power plants, it is rea-
sonable, during the accumulation, to carry out their
investing to reliable securities, e.g., Treasury bonds
of the United States;

— for the sake of postponing the beginning of
process of the decommissioning of working nuclear
power plants as well as obtaining additional time for
the accumulation of sufficient funds, it is advisable
to ensure the compliance with design modes of the
operation of nuclear power plants (under basic
mode) that will potentially provide a high reliability
of NPP equipment and will extend the termof their
operation for more than 20 years.
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