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3apAany

2. Unfolding of energy distribution in VVER-1000 reactor core based on the signals from self-powered neutron in-

core monitors

Pedepar:

1. Incepranifina po60Ta IpUCBsSIYeHa BUPIlIEHHIO aKTyaJbHOr0 HAyKOBO-TEXHIUHOT0 3aBJJaHHSI: I1iIBUILIEHHIO
6e3meku eKcITyaratii saepHoro nanusa y BBEP-1000 misixoM NOJIiNIIeHHs TOYHOCTI BU3HAYEHHs [TapaMeTpiB
€HeproBuliIeHHs N0 06'eMy aKTUBHOI 30HM Ha OCHOBI CUTHAJIB J€TEKTOPIB NPSMOTro 3apsiay, o BXOSTh 10
CKJIaJly CUCTEMU BHYTPIIIHBO peakTOpHOro KoHTposto (CBPK). Y po6oTi mpoBegeHo cucTeMaTusaliilo Ta aHasi3
pOOOTH CUCTEM i IeTEKTOPIB, 110 BUKOPUCTOBYIOThCS HAa AEC 17151 BifHOBJIEHHSI €HeproBUIiJIEHHS B AK3,
POBIJISIHYTO OCOOJIMBOCTI iX po60TH, OCHOBHI IlepeBaru Ta Hefosiku. OCHOBHY yBary 0yso npugineno 13, mo
BUKOPUCTOBYIOThCS1 B CBPK Ha AEC Ykpainu. Ha ocHOBI jaHOTO aHai3y BUKOHAHO PO3POOKY YMCEIbHUX MOAEIEH i

3aco0iB, 1110 [103BOJIIOTH MiABUIMTY TOYHICTb NepexinHoi ¢ynkuii Big crpymy JI13 1o niHiliHOTO eHeproBuieHHs



TB3. Po3paxoBaHO JIOKayibHY YyTIAMBICTb pogieBux JI13 B Ak3 BBEP-1000, TakoK BU3Ha4Y€HO BHECOK [0 CUTHAIY
JI13 Big TBeniB cycigHix TB3 Ta BHecok Bif TBesiB TB3, 1o sikoi ioro BctaHOBJEHO. [ToKasaHo, o po3pobieHa
MOJeJIb 103BOJISIE BpaxOBYBaTU NpH BigHOBIEeHH] JIEB 6inbiy KiNbKiCTb TBEJIIB 1711 pO3PaxyHKY NepexigHoi QyHKIii
Ha IPOTUBAry TUM METOIAM, 10 3apa3 BUKOPUCTOBYIOTbCS Ha AEC. [IpoBeieHO PO3paxyHKHU [J1sl BUSHAUYEHHS
BIUIUBY NapameTpiB Ak3 (TemIieparypa TeJoHOCIs, KOHLEHTPAllis 60pPHOI KUCJIOTU B TEIJIOHOCI] Ta MIOJI0>KEHHS
IIOTJIMHAKOYMX eJIeMEeHTiB) Ha GopMmyBaHHs curHainy [I13. Po3p’sa3aHo 3a7,a4y BpaxyBaHHs BuropanHs 13 i yac
BigHOBJIeHHA JIEB 3 ypaxyBaHHAM HepiBHOMIpHOCTI BUuropaHHs 113 1o paniycy pomieBoro eMirepa,
CaMOEKpaHyBaHHSA BHYTPILIHIX 1IapiB Ta XapaKTEPUCTUK HEUTPOHHOTO I10JIf, B IKOMY IIpalioe neTekTop. [TokasaHo,
10 1715 nifBuieHHs ToyHocTi JIEB noTpibHO po3paxoByBaTH iHAUBINYyabHI PyHKLUii BUrOpaHHs AJ1s1 KoskHoro II13,
110 3aJ1€XaTh BiJ] MiCIlsl po3TalllyBaHHS JeTeKTOpiB 110 06'eMy AK3. [TpoBeieHO BaslifaliliHy IepeBipKy
PO3PaxyHKOBUX MoJeJel. Yci po3po06iieHi Mogeli € NIPpUUHITHUMMU 4J181 iX 3aCTOCYBaHHS TPU BUPILIEHHI
po3rIsIHYyTUX 3a1ad. [Ipencrasieno mozgesb AK3 nociigHunbkoro peakropy BBP-M ISIIT HAH Vkpainu s
IOCIIiIPKEHHS XapaKTE€PUCTUK HEUTPOHHOTO I10JIS1 i BU3HAYEHHS Ha¥ONTUMAJIBHIIINX YMOB OIIPOMiHEHHS T€CTOBOI
36ipku 3 JT13 BiTYN3HSIHOTO BUPOOHUIITBA. Bu3HaueHO onTuMasbHe Miclie B AK3 mocaifHuIpKoro peakropa BBP-M
1711 po60oTu TecToBoi 36ipku JII13 i po3paxoBaHO BUXiTHUI CUTHAT JAHUX JETEKTOPIB, IPOBEAEHO MIOPIBHSAHHS 3

€KCIIEPUMEHTAJIbBHUMU BEJIMYVHAMMU.

2. This thesis is dedicated to solving an actual scientific-technical task: enhancement of an operational safety of
nuclear fuel at VVER-1000 nuclear power reactor by means of lowering the uncertainties of power distribution
parameters within the reactor core based on the signals from self-powered neutron detectors, being installed
under the in-core instrumentation system (ICIS). The systematization and analysis were performed of systems and
detectors that are being used at NPPs worldwide to unfolding the power distribution in a reactor core. Their
operational features, main advantages and drawbacks are considered. Major attention was paid to self-powered
rhodium neutron detectors that are currently installed at Ukrainian NPPs under ICIS. Based on the results of
analysis conducted, the development of numerical models and means was accomplished to enhance a precision of
the transition function from in-core self-powered neutron detector current to the linear heat rate of a fuel
assembly. The local sensitivity of rhodium in-core self-powered neutron detectors to neutron flux in VVER-1000
reactor core was computed. Also a contribution into rhodium detector signals from neighboring fuel assemblies as
well as a contribution from fuel rods of a fuel assembly with installed rhodium detector and neighboring fuel rods
are determined. It was shown that the numerical model of the core developed for unfolding of the linear heat rate
does allow to take into account greater amount of fuel pins for computation of the transition function contrary to
other methods that are being used at Ukrainian NPPs nowadays. The calculations were done to determine the
influence of reactor core parameters (coolant temperature, boric acid concentration and positions of neutron
adsorption elements of control rods) at signal parameters formation from the rhodium self-powered neutron
detector. The task for accounting of rhodium detectors burnup was solved for linear heat rate unfolding, taking
into account non-uniform rhodium material burnup across the radius of rhodium detector emitter, self-screening
of rhodium material internal layers and parameters of the neutron field, in which the rhodium detectors operate. It
is presented that for linear heat rate precision enhancement it is necessary to compute the individual burnup
functions for each rhodium detector depending on its location in the reactor core volume. The validation checkout
of calculational models was accomplished. All the models developed are recognized as acceptable ones for their
application in solving all scientific and technical tasks under this research. The reactor core model of the research
reactor VVR-M at Institute for Nuclear Research of the National Academy of Sciences of Ukraine was developed
and presented. This model is dedicated to investigate reactor core neutron field parameters and to determine the
most optimal conditions for irradiation of the test assembly with the rhodium self-powered neutron detectors of
domestic production. The in-core optimal location to install and operate the test assembly with the rhodium self-
powered neutron detectors is suggested and justified. The output signal from this assembly was calculated and
compared with experimental values.
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