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The State Scientific and Technical Center for Nuclear and Radiation Safety performs
the scientific and technical support of Ukrainian regulatory authority (State Nuclear
Regulatory Inspectorate of Ukraine) in licensing activities of the Neutron Source
Based on a Subcritical Assembly Driven by a Linear Electron Accelerator (hereinafter
designated as the Neutron Source). In the Neutron Source’s licensing, the independent
models of key nuclear facility elements were developed and calculations for verification
safety studies using non-identical analytical tools were performed.

Aspects related to the development of independent (regulatory) thermal hydraulics
models of the core elements of the Neutron Source are discussed in the paper.
The process of modeling neutron-generating target and the fuel assembly of Neutron
Source are described in the article. Moreover, the results of the verification safety

studies are also presented.

Introduction

An experimental nuclear research facility driven
by accelerator, called the Neutron Source is under com-
missioning in the National Scientific Center “Kharkov In-
stitute of Physics and Technology” (NSC KIPT), Ukraine
as an international collaborative project of NSC KIPT
and Argonne National Laboratory (ANL), USA. Licensing
of new research facility is impossible without use of var-
ious types of analytical tools for the verification safety
analysis. Moreover, the International Atomic Energy
Agency (IAEA) recommends to develop and use inde-
pendent expert models for regulatory safety assessment
of nuclear installations. The independent models of key
nuclear facility elements have been developed. The verifi-
cation safety studies using non-identical analytical tools
have been performed. The models of key nuclear facility
elements were developed in the directions of neutron-

physics calculations, thermal hydraulics safety analysis
and radiation protection calculations. Aspects related
to thermal hydraulics models and safety studies are dis-
cussed in the paper.

Model aims and objectives

According to Ukrainian regulation “General Safety
Provisions for Nuclear Subcritical Assemblies” [1], the nu-
clear subcritical assembly safety is ensured by consistent
implementation of defense-in-depth strategy based on the
use of physical barrier system on the way of radiation and
radioactive substances spreading to the environment, and
system of technical means and organizational measures
on protection of physical barriers and maintaining their
efficiency. The main purpose of the defense-in-depth strat-
egy implementation is timely detection and elimination
of factors leading to abnormal operation, emergencies, and
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Conclusions

Licensing of the new research facility is impossible
without using various types of analytical tools for verifi-
cation safety studies. The independent thermo-hydraulic
models of nuclear facility key elements developed and per-
formed verification safety studies using non-identical ana-
lytical tools. Performed test and validation calculations for
the developed models of the Neutron Source key elements
showed good convergence, and their compliance with iden-
tic calculation performed within PSAR. Also, the scenario
with coolant loss (LOCA) is one of the most interesting for
analyses in the aspect of thermal hydraulic analyses. LOCA
was analyzed in these verification safety studies. The re-
sults show that the heating of the fuel assembly does not
lead to fuel cladding integrity damage and does not cause
the release of radioactive substances from the fuel matrix,
in case of residual heat. Taking into account result of safety
studies the duplication (by an operator) of automatic accel-
erator shutdown actions should be predicted on Accident
Management Guidelines for LOCA scenarios.
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Tennorigpasnivni nepesipouHi po3paxyHku aisa
HNigTPUMMKHU TilleH3YBAHHA AIePHOI NiIKPUTUIHOI
ycTaHOBKM «[lKepeno HeiiTPOHiB»

JocmipauupKa sigepHa ycTaHoBKa «[[>Kepeno He-
TPOHIB, siKa 6a3yeThCs Ha HiKPUTUUIHIT 36ip1ii, 110 Ke-
PYEThCs THIHUM IIPUCKOPIOBAYeM e/IeKTpoHiB» (AITY
«JIxxepeno Heitrponis») Hapasi nepebypac Ha crapii
BBEJICHHA B eKCIUTyaranio B HanionasibHOMY HayKOBO-
My LeHTpi «XapKiBCbKMit pi3MKO-TeXHITHUIT iHCTUTY T
(HHIT X®TT) six mikuapoaumit npoekt HHIT XPTI
i Aproucpkoi HarioHanbHO1 1aboparopii (ANL), CIITA.
Bignmosigno mo Mixuapoauoi knacudikanii Mixxua-
pomHoro areHTcrea 3 aromuoi exeprii (MATATE) raki
YCTaHOBKM HajiexaTb 1o Accelerator Driven Systems —
CUCTEM, IO KEPYIOThCA NPUCKOpIOBadeM. [lep>kaBHmit
HayKOBO-TEXHITHMIA LIEHTP 3 AJEpHOI Ta pagianiiiHoi
Oesnexu 37iJICHIOE HAYKOBY Ta TE€XHIUHY MiJTPUMKY
yKpaiHCBKOro perynondoro oprany ([lepxxasna increk-
11is S7IEPHOTO PEery/lIOBaHHsA YKpalHu) IIPY JIILICH3yBaH-
Hi AIlY «/[>xepeno HeTpoHIB». MiTICHEHHA [ AMTBHOCTI
3 NiLIEH3YBAHHA HOBOI ANEPHOI YCTAHOBKM HEMOYKJINBO
6e3 BUKOPUCTAHHS Pi3HOTO POAY aHAIITUYHUX {HCTPY-
MEHTIB IUIsl BUKOHAHHA IEPEBIPOYHNUX PO3PaxyHKiB
aHa1i3y 6e3MeKN YCTAHOBKY B LIIIOMY i 11 K/TIOUOBUX e/ie-
MmeHTiB. ToMy nipu ninensyBanHi «[[xepesa HelTpoHIB»
6ynu po3pobieHi HesaneKHi TeIIorigpastiaui Mmogeni
OCHOBHUX €/IEMCHTIB ANePHOI YCTAHOBKY Ta IPOBEACHI
HepeBipodHi PO3PAXYHKHU Ta JOCHiJKeHHA (e3meKu
3 BUKOPMCTAHHAM HEIJEHTUIHNUX aHATITUIHUX IHCTPY-
MeHTiB. IlepeBipouHi Tennorigpasaiddi JOCHiI>KEHHA
Opi€eHTOBaHi Ha NEPEBIPKY HENEPEBUILIEHHA KPUTEPIiB
6esnexn «/lxepena HEMTPOHIB». ¥ CTATT PO3IIAHYTO
aCIIeKTH, MOBA3aHI 3 pO3pOOKOI0 HE3IECKHUX TEIIO-
TiZpaBIiIHNX MOREEN KIIOUOBUX €1EMEHTIB YCTaHOB-
KM — HEHTPOH-YTBOPIOKYOI MillleH] Ta IaIMBHOI 36ip-
ku. Po3po6Ka He3a/IeXKHUX TEIIOT IPaBIiTHUX MOJIC/IEN
BMKOHYBAJIACh 3 BUKOPUCTAHHAM KOIY PO3paXyHKOBO]
rigponuuamiku (CFD) ANSYS CFX. Onucauno npoiiec
PO3po0OKM MOJIE/Iel HEMTPOH-Y TBOPIOIOUOT MillleH] Ta 1a-
JIMBHOT 36ipKY, IIPECTABICHO PE3Y/IbTATU TECTOBUX PO3-
PaxyHKIB I CTAIIiOHAPHOTO CTaHY, 4 TAKOK BUKOHAHO
aHaJIi3 MEPEXiHOrO NMPOoLeCy — ABAPITHOTO CLIEHAPIiIo
3 TeUEI0 TEIIOHO s 6aka miakputnaHoi 36ipku (LOCA).

Kniouoei cnosa: TelmorinpaBmiqamii, ocmikeHHs OesIeKn,
TITeH3ITHWI IpoTTec, IKepeno HelTPOHIB, IIPUCKOPIOBad.
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TennornapasiniecKkue NpoBepOIHbIEC PACIETHI
AAA NOAJEPKKU TNIEH3MPOBAHNA A/IePHOI
NOAKPUTHIECKOM YCTAHOBKM «VICTOUHMK HENITPOHOB»

TocymapcTBeHHBIT HAYIHO-TEXHUYECKUN HEHTP 110
ANEPHOM M PaIMALIMOHHO 6€30IIaCHOCTU OCYIIeCTB/IA-
€T HAYYHYIO M TEXHMYECKYIO HOANEPKKY YKPAMHCKOTO
perymmpymomero oprana (I'ocymapcTBeHHa s MHCIIGKITA
ANEPHOTO PEryIMPOBAHUA YKPAUHBIL) IIPU IUIICH3UPOBA-

HUN AEePHON MOAKPUTUIECKON yCTaHOBKN «VIcTOUHUK
HEMTPOHOB, OCHOBAHHBII Ha MMOJKPUTUIECKON COOPKe,
YIIPABAAEMON JTMHEIHBIM YCKOPUTENEM HIEKTPOHOBY
(manee — «VIcrOUHMK HENTPOHOBY). IIpu nmuuensuposa-
Hun «VICTOYHUKA HEMTPOHOB» OBIIM pa3paboTaHbI He-
3aBUCHUMBIE TEIUIOTUAPABANYIECKIE MOJEIA OCHOBHBIX
9NMIEMEHTOB ANEPHON YCTAHOBKH M IIPOBENIEHBI IPOBEPOY-
HBIC PACUYETHI ¥ MCCIEIOBAHNA 0€30IIaCHOCTH C UCIIOND-
30BAHMEM HEMACHTHYHBIX AaHAIMTUYIECKUX NHCTPYMEH-
TOB. B 5TOM cTaTbe pacCMOTPEHDI ACIEKTHI, CBA3AHHDIC
¢ pa3paboTKOM HE3aBUCUMBIX TEIIOTUJPABINICCKUX
MOJIe/IEN OCHOBHBIX 2JIEMEHTOB, OIIMCAH IPOLEeCC MOJie-
JIMPOBAHUSA HEMUTPOH-00PA3yIOIEil MUIICHN U TOIIMB-
HOI COOPKY U IIPEJICTAB/ICHBI PE3Y/IbTATHI IPOBEPOUHBIX
PacyeToB.

Kmiouesuvie cnosa: TeIyIorupipaBiamMdeckmit, MCCaejoBaHMs
6e30IaCHOCTH, TUIeH3MOHHBIH IIPOITecc, UCTOTHIK
HeMTPOHOB, YCKOPUTE/Ib.
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