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Qunonuy 0. B. YIOCKOHAJIEHHS TEXHOJIOTIi J1arHOCTUKH Tedl 3 MEepIIoro
KOHTYpY B JApPYTHUd 3a JOMOMOTOIO0 JETEKTOPIB 10HI3YIOUOTO BHUIPOMIHIOBAHHS JIs
peakTopHux yctaHoBok 3 BBEP-1000. — Kpami¢ikamiiiHa HaykoBa mpaiisi Ha IpaBax
PYKOIIUCY.

Juceprtamiss Ha 3100yTTS HAYKOBOTO CTymeHs JokTopa (imocodii 3a
crenianpHicTIO 143 "ATOoMHa eHepreruka". — HamioHanpHult yHiBepcuTeT «Opechbka
noJiiTexHikay MiHicTepcTBa OCBITH 1 Hayku Ykpainu, M. Ogeca, 2023.

HMucepraiiiina poOoTa TMPUCBSIYEHA TMUTAHHSIM YJIOCKOHAJIEHHS CIOCOOY
KOHTPOJII0O CTaHy 3axHCHHX Oap’epiB Ha aToMHHX enekTpuuHux craHmisx (AEC)
[UIIXOM  PO3PAXyHKOBOTO  OOTPYHTYyBaHHS ~ 3HAY€HHS  YCTAaBKM  3aIyCKy
ABTOMATU30BAHOTO AJITOPUTMY YIPABIIHHS T€UYaMH 3 IEPIIOr0 KOHTYpPY B JIpYyTuid
(TTIKZ) 3a BenMUMHOK MOTY>XHOCTI norauHeHoi ao3u (III) 611 mapompoBoaiB
naporenepartopa (I1I'), sika kopestoe 3 BeTu4nHoI0 00’ eMHO1T akTUBHOCTI (OA) B 001acT1
JIETEKTYyBaHHS.

Ha cporomHi BaXJIMBHUM TIUTAHHSAM 3aJIMIIAETHCS KOHTPOJIL BEITUYHMHU
npotikanHs npu TTIK]] na AEC 3 peakropamu BBEP-1000 3a 1onomMororo TexXHIYHUX
3aco0iB. BupimeHHs 3a3HaueHoi MpoOjemMu mnependavyaeTbcsi B paMKaxX KOMILIEKCHOI
(3BeeHol) mporpamu MmiABUIIEHHS piBHS Oe3neku eHeproosokiB AEC (K3IIIIB)
nusixoMm ocHamieHHs ykpaincbkux BBEP-1000 cuctemoro ynpasniaas aBapieio (CYA)
TIIK/. Sk BizoMo, Ha AaHy CHCTEMY MOKJIAJAEHO (PYHKIIi aBTOMAaTU30BaHOI peasi3arii
3aX0MIB IIOAO TepeBeAeHHS peakTopHOi yctaHoBku (PY) B Oesmeunuii cran 0e3
BTPYUYaHHS ONEPATUBHOTO mnepcoHany. [Ipu npboMy, B SIKOCTI 1HAMKATOpAa BUHUKHEHHS
TIIKJ B III' € migBHILIEHHS aKTUBHOCTI B JAPYrOMYy KOHTYpi, SIka BUMIPIOETHCA B
TpyOompoBogax roctpoi mapu. HuHi peani3oBaHO aBTOMATH30BAHMM aITOpPUTM i
micns ineHtudikamii TIIK/] Ta BusHauenHs asapiitnoro IIT7 (AIIDY). BigmosinHo,
3aBepIlaJIbHUM 3aBHaHHsAM JU1s peanizanii 3axonqy K3IIIIb € oOrpyHTyBaHHS yCTaBKU
samycky CYA TIIK]I 3a Jg0omoMoror JAETEKTOpIiB  peecTparlii  10HI3yI04Oro
BunpomiHtoBanHs (IB), mo Bcranomneni Outa nmaponposin III°. A BTiM, BIACYTHICTb

anajoriuanx TexHigHuX 3aco0iB CYA TIIK]] na AEC 3 peakropamu BBEP-1000 ta



JTIOCBITy BITPOBA/KEHHS 3a3HAUYCHUX CUCTEM Oe3NeKH (peantizyeTbesi B YKpaiHi BIepIiie)
3YMOBJIFOE HEOOXITHICTH B PO3pOOIIl KOMIJIEKCHOTO PO3PaXyHKOBOTO METOY
Bu3HaueHHs1 xapaktepuctuk TIIK]] 3a momomororo gerektopiB IB, mo posramosani
o1t mapornpoBojiiB roctpoi napu B PY 3 BBEP-1000, sixuit 6 BpaxoByBaB pi3Hi
eKCIUTyaTalliiiHl cTaHu: KOMOIHAIliI0 BKIIOYEHHUX TOJOBHUX IUPKYJSAIINHUX HACOCIB
(I'lIH), pexxumu notyxHOCTI Big 20 10 100 % Bix HOMiHATBHOT TOIIIO.

Bigomo, mo mnepebir apapiitnoi moxii TIIK][ Bkitoyae HU3KY HEUTPOHHO-
¢13uuHuX (H.-¢.) Ta TEIUIOTIAPABIIYHUX MPOIIECIB, SIKI XapaKTePU3YIOThCS 3HAYHUMHU
HEBU3HAUCHOCTSAMHU II0JI0 KIHIIEBUX pe3yJbTaTiB. K HacmigokK, Mpu po3poOir
PO3pPaxyHKOBOI'O METOJTY JAOLIBHO 3aCTOCOBYBATH cydacHi mporpamui 3acobu (I13) ta
JeTalbHl MAaTeMaTH4HI MOJENl JJIi KOPEKTHOTO BHU3HAYEHHS Yacy TPAHCIOPTY
pailoaKTUBHUX 130TOMIB B MEPLUIOMY Ta JIPYroMy KOHTYypax, iX KOHILIEHTpauii Touo. B
MIJCYMKY, 3a3Ha4Y€HUM BUIIE MIAX1A JO03BOJIUTH CYTTEBO 3MEHIUUTH IOXHOKY
BU3HAYEHHS XapAaKTEPUCTUK Teul Ta OJIHO3HAUHO 1AeHTH(ikyBatu Alll.

VY Berymi npesicTaBiaeHo O0IpyHTYBAaHHS BUOOPY TEMU JTOCIIIIKEHHSI, BUCBITIEHO
il aKTyaJIbHICTh Ta 3B'SI30K 3 HAYKOBHMHM nporpamaMu. Ha ocHOBI 1boro cpopmMoBaHO
METy 1 3aBJaHHs JOCIIKEHHS. 3a3Ha4eHO HayKOBY HOBU3HY OTPMMaHUX PE3yJIbTaTiB
Ta iX npaktuyHy HiHHICTB K a1 AEC 3 peakropamu BBEP-1000, Tak 1 qyis sinepHoi
MIPOMHMCIIOBOCTI B I[IJIOMY.

B mnepmomy po3aizii mpoBeneHO aHam3 ICHYOUHMX CHCTEM Ta METO/IIB
inentudikamii HasBHOcTi TIIK]/[. BimmiueHi mepeBaru Ta HEIOJIKH 3aCTOCYBaHHS
PI3HOTO POy METOIiB/crcTeM. BCTaHOBIIEHO, 1110 ICHYIOY1 CUCTEMH aBTOMAaTU30BaHOTO
Oe3MmepepBHOr0 KOHTPOJIIO HE J03BOJISIIOTH OJIHO3HAYHO BH3HauuTh sikui 3 IIIT €
aBapiiHUM Ta HaJaTH JOCTOBIpHY 1H(popmaiito moao Butpatu B TIIK/ npu poboTi
peakTopa Ha PI3HMX PIBHAX IMOTYXHOCTI. ba Oimblie, BHCBITIEHO OCHOBHI
eKCIUTyaTalliiiHi, TEXHOJOTIYHI Ta KOHCTPYKIIHHI OCOOJMBOCTI, 110 BIUIMBAIOTH Ha
nocToBipHE BU3HaueHHs BenuuuHM Butpatu B TIIK/. Bigznaueno, mo HalOLIbII
iHdopmaTuBHUM MapkepoM KoHTposto TITK /I B T1I" Ha mparttorouomy eneproosorti (Eb)
e '°N, saxuil mo3BOIs€ BiACTEXYBaTW AMHAMIKy 3MiHu Tpenxy Butpatu B TIIK]I Ta

OpraHizyBaTH aBTOMAaTHU30BaHMM KOHTPOJb BuxigHoi mozii aBapii (BITA) TIIK]. Ha



OCHOB1 TPOBEAECHOTO aHaI3y OKPECICHO 3aBAaHHS MOOCHKeHHS. B miacymky
BU3HAUeHO miaxoau Ta [13 myisg mMojentoBaHHsS MpPOLECIB HAKOMUYEHHS, TPAHCIIOPTY
PalioaKTUBHUX 130TOMIB B MEPIIOMY/IPYroMy KOHTYpax Ta HEOOXIIHI pPO3paxyHKH
BIITYKIB ACTEKTOPIB JJIs peecTparliii IB B Miciisx 1eTeKkTyBaHHS.

B napyromy po3aiii mpeactaBieHo po3poOJieHI po3paxyHKOBI MOAENi Ta
OTpUMaHi 3a iX JIOMIOMOTOK0 HACTYMHI pe3yJbTaTH: BH3HAYEHO IIBUIKICTH
Hanpamrosands °N y BogosmicHux 00’emax aktuBHOI 308K (Ak3) PY BBEP-1000 Ta
3a i MeXaMH; JOCIIHKEHO MPOIEC 3MiHM MIBUIKOCTI HampairoBanus '°N BIpoaoBx
NaJMBHOI KaMIaHii; OTPUMAHO 3aJIEKHICTh aKTUBHOCTI TEIJIOHOCIS MEPIIOr0 KOHTYPY
3a !N Bim rIMOMHU BUTOpSHHS SAEPHOTO MAlWBa; NPEICTABIEHO Ta OOIPYHTOBAHO
CIIOCOOM PO3paxyHKy PiBHOBaXHOI akTHUBHOCTI N B TEIUIOHOCII MEPLIOro KOHTYpy
(TTIK) Ta #oro TpaHCHOpPTY B MEPIIOMY KOHTYpi; 3a JIOMOMOTOI PO3POOIEHHX
MaT€MaTUYHUX MOJENIEH OTPUMAHO TPAHCIOPTHUM 4Yac PENEepHUX PaTIOHYKIIIIB Bij
Miciis mapameTpuydHoi BigmoBH 17 10 TOUKM neTeKTyBaHHS 3 ypaxyBaHHSM IMPOIECIB
Maco 1 TEIJIONEpPEeHOCY B JAPYroMy KOHTYpi; MPOBEAEHO IHTErpalild MaTeMaTHYHHUX
MOJIeTIEll TPaHCIOPTY pENepHUX HYKIAIB B MOJAEIb SACPHOI MaporeHepyrdoi
yctanoBku (AITY) remnorinpasniynoro [13 RELAPS; po3pobneno Ta mnpoBeaeHO
BaNJalil0  Moxeni  JyuiabHuKa  [eiirepa-Mromiepa (I-M) Ha  ocHOBI
EKCIIEPUMEHTAJIBbHUX JAaHHUX; MPUBEICHO OMHC EKCIEPUMEHTAIbHUX YCTAaHOBOK Ta
OTpMMaHI BIATYKH JiuWibHUKa [-M; po3paxyHKOBUM IUIIXOM OOIPYHTOBAHO
MO>KJIUBICTh X BUKOPUCTAHHS 32 MEKaMHU €HEPreTUYHMX J1ana3oHiB BUMIPIOBaHHS, K1
3asBJICHI B MACMIOPTHUX XapaKTEPUCTHKAX MPUIIA/IB, 32 JOTIOMOTOI0 3alIPOIIOHOBAHOTO
croco0y; MUITXOM MOJICTIOBAHHSI CHCTEMH <«JKEPEJIo 10HI3YI0UO0TO BUITPOMIHIOBAHHS-
NaponpoBiA-mMuuiabHUK ['-M» oTpumano 3anexHictb BuMipsHoi IIIIJ] ramma-
BHUIIPOMIHIOBaHHS BiJl BEIMYNHU aKTUBHOCTI B 00JIaCT1 JIETEKTYBaHHS, II0 KOPEIIOE 3
utparor TIIK/I.

3ayBaXMMO, 10 MPOMDKHI pe3yJbTaTh PO3PAXYHKIB MOPIBHIOBAIMCS 3
eKCIIePUMEHTaJIbHIUMH 3HAYECHHSIMHU, 110 3aCBITUY€ TIOCTOBIPHICTh OTPUMAaHUX JaHUX 32
JIOTIOMOTO0 pO3pO0ICHUX Mojieneid. binbie Toro, oTpuMaHa po3paxyHKOBUM IIITXOM

3QIIEKHICTh MIBUAKOCTI HampamoBands °N Bix IrIuOUHKM BUTOPaHHS SAEPHOTO MaIMBa



JI03BOJIMJIa 3MEHIIUTH TTOXUOKY Y BH3HAYEHH! KOHIIEHTpaIlii 1N B TTIK. o Toro x
BIIEpIlIe pO3pOOJIEHI MAaTEMAaTHYHI MOJIEJ] Ta METO/ PO3PaXyHKY TPAHCIIOPTY JETHOUYNX
PAmIOHYKIIIT B APYroMy KOHTYpPi O3BOJISIOTH BpaxyBaTH pO3MaJ Ta JIHUCIIEPCIIO
moueky N 3a yacoM TpaHCIIOpTY Bij MicIg Tedi 10 006J1acTi IeTeKTyBaHHs (BU3HAYCHA
TIsTHKA TTaponpoBoay roctpoi mapu I1I7).

YTouHeHa [eTami3oBaHa MOJeNb JiumiabHUKa [-M  1o3Boiisie  JOCTOBIPHO
BHU3HAYATH 3aJICKHICTh BIATYKY JIUMJIBHUKA B1J aKTUBHOCTI Jpkepena IB B mupokomy
CHepreTMYHOMY [iama3oHl, B TOMY YHCII 3a MEXaMH 3asBICHHX BHPOOHUKOM
eKCIUTyaTalllfHUX XapaKTepUCTUK. B miacyMKy oTprMaHo, 110 3a JOTIOMOT'0I0 JETAIbHO
B1ITBOPEHOI MOENI JiuriIbHUKA ['-M MOXJIHBO CIIPOTHO3YBATH BIATYKH JIIYUIHHUKIB B
MICIISIX 3 HHM3KOIO MPOCTOPOBUX MEpemKko (00sacTb ETEKTYBAaHHS) Bl PO3CIIHOIO
CIIEKTPY (POTOHIB Ta €IEKTPOHIB.

B TperboMy po3aiii gucepraiii BAKOHAHO aHajl3 MOXJIMBOCTI 1A€HTH(IKALI]
TIIK/] 3a nonomororo Ji4ribHUKIB I'-M, Ha OCHOBI pe3ynbTaTiB po3paxyHkis III1J[ B
MICIIl IETeKTYBaHHs. 3317151 IbOro BU3Ha4YeHO 3aiekHocTl BUTpat B TIIK] npu pizHux
pexumax poootu PY BBEP-1000 (20+100 % Big HOMIHAJIBHOTO PIiBHS MOTYKHOCTI
[HPII]), BpaxoBytoun HeBuzHaueHocTi Micusg BunukHeHHs TIIK] B III', 130T0mHOTrO
cknany TIIK, a Takox MONOXKEHHS MPUIIA/IIB B 001aCTi I€TEKTYBaHHS.

HactymauMm  eTamoM TIpOBEIEHO OIIIHKY 3BEJACHOI HEBHU3HAYEHOCTI Ta
oOrpyHTYBaHHS 0OMexeHHs cuctemu BumiptoBanus Butpatu TIIK/] B I1I" 3a TTITJ] Bix
MaponpoBOAiB TOCTpoi mapu. B miacyMKy, 0a3yrounch Ha pe3yibTaTrax aHalli3y II0A0
MOJIUBOCTI XMOHOI imeHTudikamii HeaBapiitHoro [ sk AIIl, po3pobieHo 3axoau
3ano0iraHHs MTOMIIKOBOTO Bu3HaueHHs Alll.

KpiM TOro, po3paxyHKOBHIl aHadi3 BUKOPUCTAHHS PI3HHUX THIIIB JETEKTOPIB
(HaTBIPOBIAHUKOBHUH, CHMHTIIISAIIHHAN JETEKTOPHU Ta Ta30PO3PSTHUN JTIUMIIBHUK) TS
inentudikamii Al mokaszas, 1m0 HaNOIBII eEKTUBHUM 1HIUKATOPOM, 3 OIVISIAY Ha
Jiana3oH MOXKJIMBUX BUTpAT B Teuy, € Onok nerektyBaHHs (b)) GIM-204. Jlo Toro x
3aIpPOIIOHOBAHO crocid6 oOpoOku iH(opMmarii, orpumanoi 3 B/, mo BcTaHoBICHI 01715
CYMDKHHMX ITapONpOBOIiB. 3aCTOCYBaHHS JAHOTO MiAXOAy 3a0e3rmedye onepaTHBHE Ta

nocroBipHe BusiBiaeHHs! AIIl" mpu 3HaUHMX BUTpaTax B T€Uy Ha BIIIMIHY BiJl ICHYIOUHX



cucteMm koutposiro TIIK]I. B kiHieBoMy mijicyMKy cOpMOBaHO peKOoMeHAIlli 11010
BJIOCKOHAJICHHS KOMIIOHOBKM CHCTEM KOHTpojto Ta MoHitopunry TIIKJI[ Ta ix
QJIITOPUTMIB 3aITyCKY.

HaykoBa HOBHM3HA OTPUMAHUX PE3YJIbTATIB MOJSATAE Y HACTYITHOMY:

1. Ha ocHOBi po3pobieHoi po3paxyHkoBoi Momeni peaktopa BBEP-1000 3
aeTtanizaiiero BogoBmicHUX 00’ emiB B MCNP6.2 BUKOHaHO yTOYHEHHS pO3PaXyHKOBOT
3QII€XKHOCTI BUAKOCTI HanparoBanHs N Bij rMOUHN BUTOPSHHS SIE€PHOTO IAIUBA.
Lls po3paxyHKOBa 3aJIeXKHICTh, Ha BIAMIHY BiJ paHillle iCHYIOUUX, AOCTOBIpHIIIE
KOPEJIIOE 3 eKCIIEPUMEHTATBHUMU JTaHUMH.

2. Jictanmu mnojganblIMi PO3BUTOK MAaTEMaTU4HI MOZENl JUIs PpO3PAXYHKY
TPAHCIOPTY JIETIOUUX PaJIOHYKIL] B JIPYroMy KOHTYpl, B SKHX, Ha BIAMIHY BIiJ
iCHYIOYMX, MOJIENIOETLCS Po3na Ta aucnepcis aromis N mpoTsrom TpaHcnopry Bij
MicCIIsl Te4l 0 maporpoBoAy roctpoi nmapu III" Oepyuu 10 yBaru NpoXOJKEHHs I1apy
KHIT ST901 P1IMHM.

3. BrnockonaneHo po3paxyHkoBy Mozenb miuuibHuka ['-M BJIMI'-04-02, mro
3a0€3Me4YmyI0 JOCTOBIPHIIIE MPOTHO3YBAHHS 3aJIEKHOCTI BIATYKY JIYMJIbHUKA BIJl
aktuBHOCTI J[IB B IIMpOKOMYy €HEpreTMYHOMY [1ana3oHl, L0 BUXOAMTH 32 MEXKI
eKCIUTyaTallliHUX XapaKTePUCTUK J1YHIIbHUKA.

4. Bnepmie mnoegHaHO KOMIUIEKC Cy4YacHUX H.-()., TEIUIOTIAPABIIYHUX Ta
aHAJIITUYHUX PO3PaXyHKIB JJIsl BU3HAYEHHS BUTPATU B TE€UY 3a JOMOMOTOIO JETEKTOPIB
peectpaiii IB, 1mo 103BOJMIIO JETalbHO IOCTIAUTH €(EeKT B3a€EMHOrO BIUIMBY Ta
YCYHYTH MOKJIMBICTh XuOHOT 11eHTHdiKamii AIIl mpu aBapii 3 TITK/I.

IpakTHyHa WiHHICTHL aWcepTalli mojirac B TOMY, IO PO3POOJECHUA METO.
MOY€ BUKOPHUCTOBYBATHCS MPU PO3PaAXyHKOBOMY aHalli31 siICPHOT, paaialliiHoi 0e3rnexu
AEC ta anamituuHoMy OOIpYHTYBaHHI MiABUIICHHS PiBHS Oe3neuHoi ekcruryaTarii Eb
AEC VYkpainu 3 peakropamu BBEP-1000 (nanpukiian, npu BUOOpPi YCTaBKH 3aIMyCKy
apromatu3zoBanoi CYA TIIK]/l, BpaxoByrouM HasiBHI €(EKTH B3aEMHOTO BIUIUBY)
[IUISIXOM BUKOPHUCTaHHS 11 B KOMIUIEKCI a00 OKpPEMHUX CIeiali30BaHUX YaCTHH.
BucsiTieni pekoMmeHpaaimii 1 OTpUMaHl pe3yJbTaTH MPOBEACHOTO JIOCHIIKEHHS

no3BoJisiTh BupoBagutu CYA TIIK/] B nmpomucnoBy Ta qocnifHy ekcrutyataiito. [lpu



[bOMY, 3aIIPOIIOHOBAHI TEXHIYHI PIIIEHHS 1100 KOMIOHOBKM OCHOBHOTO 00JIaHAHHS
cucteM Ta Mojau@ikailii B poOOTI aBTOMAaTU30BaHOIO alroputMmy ympasiinHs BITA
TIIK] 3a6e3medyroTh BiACYTHICTh CUTYyaliid 3 XuOHoto inenTudikamiero AIIl. binbie
TOTO0, PO3pOOJICHHIA METO/I Ta TIPEICTABICHI OCHOBHI MTOJIOKEHHS TOIUIBHO 3aCTOCYBATH
IIpU aJanTailii aBToMaTu30BaHoro anroputMmy Ha HenoTHI Eb BBEP Vkpainu Ta 3a ii
MEKaMHU.

Kmouosi caoBa: N, akTuBaiis TeIuloHOCis, Bamifaiis MOAENI JETEKTOPa,
BBEP-1000, rtnubwHa  BHTOpsSIHHS,  JCTEKTOp  pEECTpallii  10HI3YHYOTo
BUMPOMIHIOBaHHS, €(QEKTUBHICT, peecTpaiii, JiuniabHUK [elirepa-Mroiepa,

HCpCXpeCHi 3aBaJid, CUCTCMA KOHTPOJIIO TC“Ii, TpaHCHOpTHI/Iﬁ gac.
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ABSTRACT

Yu. V. Fylonych. The diagnostic technologies improvement of the primary-to-
secondary leakage by utilizing ionizing radiation detectors on main steam lines of
WWER-1000 reactors. — Qualifying scientific work as a copyrights manuscript.

Thesis for Doctor of Philosophy (PhD) degree by specialty 143 — Nuclear
Energy. — National University "Odesa Polytechnic" of the Ministry of Education and
Science of Ukraine, Odesa, 2023.

The thesis is dedicated to the issue of improving the methods of monitoring the
state of protective barriers at the nuclear power plants (NPPs) by justification of
setpoints for launching of an automated algorithm for the primary-to-secondary leakage
(PRISE) control based on value of the absorbed dose rate (ADR) on the main steam lines
of the steam generators (SG) that correlates with the activity concentration in the
detection area.

Currently, the actual issue at the NPP with WWER-1000 reactors is connected
with the leak rate control during PRISE by using technical instruments. In a scope of the
complex (consolidated) safety upgrade program at the Ukrainian NPPs with WWER-
1000 the implementation of the PRISE emergency management system has been
foreseen. The system has to automatically apply appropriate measures to transfer the
reactor unit to the safe operational state without operator’s actions. At the same time, an
indicator of the PRISE accident occurrence in SG is activity increasing in the secondary
circuit, measured on the main steam lines. Nowadays, the automated algorithm of
actions after the PRISE accident identification and determination of the affected SG
(ASG) has been performed. Accordingly, the final milestone for the successful
implementation of the complex (consolidated) safety upgrade program measure is the
justification of the ADR setpoints for launching the PRISE emergency management
system based on upon readings from the radiation detectors installed on the main steam
lines. However, the absence of similar PRISE emergency management system at the
NPPs with WWER-1000 reactors and the lack of experience regarding implementing
such systems — pilot project for Ukrainian reactor fleet — cause the development of the

complex calculation method for determining PRISE accident characteristics by using



radiation detectors mounted on the main steam lines (adjacent-to-line) at NPPs with
WWER-1000. This method has to consider different operational states such as
combinations of operated reactor coolant pumps, operational levels from 20 to 100 % of
nominal power and so on.

The propagation of the PRISE accident is accompanied by the different neutron-
physical and thermohydraulic processes and characterized by significant uncertainties
in the results. Besides, during the development of the calculation methods, it is necessary
to use the state-of-the-art simulation software and detailed physical models for the
correct determination of the radioactive isotopes transport time in the primary and
secondary circuits, their concentrations, etc. The specified approach will significantly
increase the accuracy and precision of the controlled PRISE characteristics and allow
identifying of ASG correctly.

The Introduction presents the justification of the chosen research topic, assigns
its relevance and relation with scientific and technical programs. Based on this, the
purpose and objectives of the research have been established. The scientific novelty of
the obtained results and their practical value both for NPPs with WWER-1000 reactors
and for the nuclear industry at whole has been indicated.

The First Chapter includes the analysis of existing systems and methods of the
PRISE leakage identification. The advantages and disadvantages of different approaches
and systems have been emphasized. It has been established that the available automated
PRISE leakage systems with the permanent control do not allow correctly determining
of ASG and providing reliable information concerning the mass flow rate during the
PRISE leakage at the different operational states of the reactor unit. Moreover, the main
operational, technological and design features that impact on the reliable determination
of the PRISE leak rate are highlighted. It is noted, '°N is the most informative marker
for controlling PRISE leakage in SG at the nominal operating level. The method allows
monitoring of the dynamics of changes in terms of the mass flow rate trend of the PRISE
leakage and organizing the automated control of the initial event of the PRISE accident.
Based on the conducted analysis, the main tasks of the research have been outlined. In

conclusion, the approaches and software for modeling the physical processes of



accumulation and transport of the radioactive isotopes in the primary/secondary circuits
and the appropriate calculations of the detector’ responses for the registration of ionizing
radiation at the detection area have been determined.

The Second Chapter presents the developed calculation models and the obtained
results: the reaction rate formation of '°N in water-containing volumes in the nuclear
reactor core and at the core’ vicinity of WWER-1000 have been determined; the process
of changing of !N formation rate during the fuel campaign has been investigated; the
dependence of the coolant activity formed by '°N in the primary circuit on the nuclear
fuel burnup has been obtained; the method for the equilibrium activity determination of
16N in the coolant and transport of the isotope in the primary circuit has been presented
and justified; the transport time of the reference radionuclides from the parametric
failure point in SG (tube crack and rupture, collector cover lifting, etc.) to the detection
area has been obtained by using the developed analytical models, taking into account
the processes of the mass and heat transfer in the secondary circuit; physical models of
the reference nuclides’ transport have been integrated into the model of the nuclear
steam generating unit WWER-1000 of the RELAP5/MOD3.2 thermohydraulic
software; a Geiger-Muller (G-M) counter model has been developed and validated on
experimental data; a description of the experimental facility and obtained G-M counters’
responses have been presented; the possibility to extend the detected energy ranges of
the G-M counters beyond the device passport characteristics has been justified by the
calculations, following the proposed method; the dependences of the detected gamma
radiation in terms of ADR on the activity in the detection area for reference
radionuclides, that correlate with the mass flow rate during PRISE accident, have been
obtained by modeling the "source of ionizing radiation — main steam line — G-M
counter” system.

The intermediate results of the calculations have been benchmarked with the
experimental data that affirm the reliability of the obtained physical values using the
developed models. Furthermore, the obtained dependences provide the possibility to
reduce the calculation error of the N formation rate in the coolant that changes during

reactor campaign — fuel burnup.



Additionally, the developed analytical models and methods for calculating the
transport of volatile and non-volatile radionuclides in the secondary circuit allow to
consider the radioactive decay and dispersion of the '°N isotopes considering the time
of transport from the leakage place to the detection area — the defined section in the main
steam line of SG.

The clarified and detailed model of the G-M counter allows reliably determining
the dependence of the detector response on the activity of the radioactive sources in the
wider energy range than declared by the manufacturer in the operational characteristics
of the device. As a result, the detailed model of the G-M counter allows predicting the
detector responses in places with the large number of spatial obstacles (for instance,
detection area) from the primary photons and formed scattered energy spectrum.

The Third Chapter of the thesis contains the analysis of the possibility to identify
the PRISE leakage using radiation detectors according to the conducted ADR
calculations at the detection area. For this purpose, the dependences of the leakage mass
flow rate during PRISE accident at WWER-1000 reactor unit for the different operating
modes from 20 % to 100 % of the nominal operating level have been determined,
considering the uncertainties of the location of the failure occurrence in SG, the isotope
activities in the coolant, as well as the position of the devices in the detection area.
Additionally, the combined uncertainty and justification of the mass flow rate detected
limits that could be measured on the main steam lines by the system during the PRISE
accident have been analyzed. Based on the results of the analysis concerning the
possibility of the false identification of the non-affected SG as affected one, the
mitigation measures have been developed.

The different types of detectors such as semiconductor, scintillation detectors and
the gas-filled counters that could be used for the ASG identification have been analyzed.
The analysis shows that the most effective indicator, considering the possible range of
leakages in terms of mass flow rate, is the GIM-204 detection unit. Additionally, the
method of the obtained information treatment from detection units, mounted on the
adjacent main steam lines, has been proposed. The implementation of this approach

provides prompt and reliable detection of ASG during the high leak rates, in



contradistinction to the current PRISE control systems. Finally, the recommendations
have been formed for improving the layout, composition and setpoints for the launching
automated algorithms of control and monitoring PRISE systems.

The Scientific Novelty of the obtained results is following:

1. The clarification of the calculated dependence of the N production rate on the
nuclear fuel burnup has been performed based on developed calculation model of the
WWER-1000 reactor with detailed modeling of the water-containing volumes in the
MCNP6.2 software. The obtained dependence correlates more reliably with the
experimental data in contradistinction to the previously existing one.

2. The physical models for the volatile radionuclides transport determination in the
secondary circuit receive the further development, which, in contradistinction to the
existing ones, includes the radioactive decay and dispersion of the '®N isotopes during
transport from the point of leakage to the detection area inside the main steam line of
SG, considering the passage via the boiling liquid layer.

3. The calculation G-M counter model of BDMG-04-02 has been improved, that
provided the more reliable prediction of the dependence of the counter response on the
activity of the radioactive source in the wider energy range, beyond the operational
characteristics of the device.

4. For the first time, the complex of the state-of-the-art neutron-physical,
thermohydraulic, and analytical calculations have been combined, to determine the leak
rate using the radiation detectors, which provides the opportunity to estimate in detail
the crosstalk effect and eliminates the possibility of the false identification of ASG when
the PRISE accident occurs.

The Practical Value of the thesis consists of the developed method that can be
used for the calculation analysis of the nuclear and radiation safety and analytical
justification for the increasing operational safety level of Ukrainian NPPs with WWER-
1000 reactors (for instance, choosing the setpoints for launching the automated PRISE
control system, considering the existing crosstalk effects) by using it as the complex or
individual specialized parts. The mentioned recommendations and the obtained results

of the conducted research allows to implement of the PRISE emergency management



system in industrial and experimental operations. At the same time, the presented
technical solutions regarding the arrangement of the main facilities of the system and
proposed modifications in the operating principals inherent to the automated algorithm
to control the PRISE accident ensure the absence of modes with the false ASG
identification. Moreover, the developed method and presented main statements could be
applied for adapting the automated algorithm to non-pilot NPPs with WWER reactors
in Ukraine and abroad.

Key words: °N, burnup, coolant activation, crosstalk effect, Geiger-Muller
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