O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0216U001564

Jep>kaBHUH peecTpauiliHUI HOMeP: 0112U007508

Oco06J1uBi TO3HAYKHU: Binkpura

HJaTa peecrtpaunii: 25-02-2016

II. Etran BukoHnauus JiP

Homep erany: 3

Ha3sBa eramny: Crazis ecki3HOTO IPOEKTyBaHHS
IToyaToK eramy: 08.2012

3akiHueHHs eTamy: 01.2014

Bupz 3BiTHOTO AOKYMEHTA: [IpOMIXKHUIA 3BiT

I11. BizomocTi npo BuKoHaBus JIiP

IloBHe HaliMeHyBaHHS IOPHUAUYHOI 0coou (a60 ITIB ¢izmyHOi 0c00H): HauionanbHMil HAYKOBUIA

LeHTp "XapKiBCbKUM (i3MKO-TEXHIYHUN iHCTUTYT"

Kopg 3a €IPIIOY: 22638849

Micue3HaxoaKeHHS:

dopma ByracHoOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu
Inentudikarop ROR: He zacrocosyerbcs

Po3mip opranisamii:

Tenedon: (057)-335-35-30

IV. BimomocrTi nipo ciiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPHAHYHOI 0coou (a6o ITIB pizuuHO0i 0cO6H): YkpaiHchkuil HayKOBO-

TexHosoriyHui neHTp(YHTLI)

Kopg 3a €IPIIOY: 56024177

Micue3HaxoaKeHH: 01033,m.Kuis, nep. JlaboparopHuii,3, M. Kuis, Kuis, 01033, Yxpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: [lepskagminictpauis

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 044-227-81-56

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP
IliacraBa pjist npoBenaeHHs [iP: 09 - norosip i3 3aKOpAOHHNM 3aMOBHUKOM

Hanpsam ¢inancyBaHHS: 2.6 - ¢inaHCOBa ninTpumka po3BUTKY iHPACTPYKTYPH Ta MaTePiabHO-TEXHIYHOI

6a31 HayKOBOi J1iIJIbHOCTI
I>kepesia piHaHCYBaHHS

7716 - KOIITH 3aMOBHHKIB iHO3€eMHHX J€p>KaB

dakTHyHHM 00cAT QpiHaHCYBaHHA (D0J1.): 136196




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka KoHCTPYKLii i TeXHOJIOTii BUTOTOBIEHHS TBeJliB i TB3 a1 ninkputryHoi 36ipku, IpoBefeHHs ix

BUIIPOOYBaHb B OOI'PYHTYBAHHS HAAiMHOCTI i 6e311eKn

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of design and technology production of fuel rods and fuel assemblies for subcritical assembly,
conduct their tests in justification of reliability and security

Pedepat yKpaiHCBKOIO:

Ha crapii eckizHoro npoexrtyBaHHs TB3-X 115 ninkpuTuyHOi 36ipKy po3p0o6s1eHO KOHCTPYKTOPCHKY IOKYMEHTAILi0
Ta IOSICHIOBAJIbHY 3alIUCKY €CKi3HOTO IIPOEKTY 3 OIIMCOM KOHCTPYKLiN Ta IPOPOOOK OCHOBHUX NPOLECIB TEXHOJIOTI]
BUTOTOBJIEHHS TBeJIiB i TB3, 3 pe3ysibTaTaMy PO3paxyHKIB Ta JOCIKEHb B OOI PYHTYBaHHS BUOOPY OJJHOTO BapiaHTy
TBeJliB Ta TB3-X: 1. [Ipopobsieno KoHCTpYKLii TBesiB i TB3 i3 nasimBHUMU MaTepiajlaMu y BUTJISIAL AUCIIEPCIFHOTO
nanusa Al + UO2 i kepamiuHux Tabsetok 3 UO2 3i 36araueHHsm 1o 235U (4,95-5,10) %. Po3pobiieHo
KOHCTPYKTOPCBKY IOKYMEHTaLil0 Ha TBeJu. 2. [Ipopobsieno BapianTu KOHCTpyKUi TB3 i3 6 i 7 TBesaMu.
Po3p0o6s1eH0 KOHCTPYKTOPCHKY LOKyMeHTaLio Ha TB3-X 3 6 TBesiamu. 3. O6paHo ¥ IPOBEAEHO NOCTiIKEeHHS I
BUIIPOOYBaHHS KOHCTPYKLiHMX MaTepiajliB B OOIPYHTYBaHHS iX 3aCTOCYBaHHS 7151 €JIeMEHTiB KOHCTPYKIIiil TBeJIiB i
TB3. 4. BUKOHaHO IPOPOOKY OCHOBHHUX OIEpPallill TEXHOJIOTYHMX IIPOLIECIB Ta METOiB KOHTPOJIIO 3 BUTOTOBJIEHHSI
nanuBa y BUIJIsiAi Tabsnetok 3 UO2. 5. BUKOHaHO IPOPOOKY OCHOBHUX OIEpalliil TEXHOJIOTIYHUX IPOLECiB Ta METOIB
KOHTPOJIIO 3 BUTOTOBJIEHHSI BapiaHTIiB TBEJIiB KOHTEIHEPHOTO THUITy 3 Ta0JIETKOBUM I1aJInBOM 6. BUKOHAaHO OCHOBHI
IOCTiI)KeHHs] 00paHUX KOHCTPYKUiMHUX MaTepianiB 175 TBesiB i TB3-X, 3BapHUX 3'€lHaHb B KOHCTPYKLiSIX TBEJIIB i
TB3 3 METOI0 MPOTHO3YBAHHS iX JOBrOCTPOKOBOI IIPALle3aTHOCTI. 7. YIOCKOHA/MIEHO KOHCTPYKLio TB3-X, sgka 6yna
3anpornoHoBaHa B TexHiyHii nponosuii. 8. [I[poBoAUTLCS BUBYEHHS KOPO3iMHOI CYMICHOCTI a/llOMiHI€BOTO CIIJIaBy
CAB-1 3 Hepskasirouoto craso Tuiy X18H10T i nupkonieBum crtaBoM E110 y neioHisoBaHi Bogi. 9. BukoHaHo
HeUTpoHO-(i3UuHi, TennoQisnyHi, rifpasiiuHi I MeXaHiKO-MilJHOCTHI pO3paxyHKU B OOIPYHTYBaHHS BUOOPY
MarepiasiB, Ha#iHOCTI i Mpane3naTHOCTI po3pO6IEHNX KOHCTPYKILiH TBeiB 3 nanuBoM UO2 i 060I0HKOIO 3i cIyIaBy
E110 g1 ymoB HOpMasbHOI excryaTalii TesiB, TB3 Ta akTUBHOI 30HU MiAKPUTHUYHOI 30ipKU 3 ypaxyBaHHSIM

Pe3yJbTaTiB JOCIiIKEHb i pO3pO0OK, 5IKi OEP>KaHO Ha CTalii €CKi3HOTO TPOEKTY.

Pedepar aHIJIiHCBKOIO:

At the stage of FA-Kh Preliminary Design for the sub-critical assembly there was developed design documentation
and a Preliminary Design Concept Note describing the fuel rod and fuel assembly design and main manufacturing
technologies, as well as calculation and research results to substantiate selection of the fuel rod and FA-Kh option.
10. Fuel rod and fuel assembly designs with fuel materials in the form of dispersion fuel Al +UO2 and UO2 ceramic
pellets with a 235U enrichment of 4.95-5.10% were studied. Fuel rod design documentation was developed. 11. Fuel
assembly designs with 6 and 7 fuel rods were studied. Design documentation for the FA-Kh with 6 fuel rods
proposed for elaboration at the Advanced (Engineering) Design stage was developed. 12. Structural materials were
selected, studied, and tested to substantiate their use for fuel rod and fuel assembly elements: - structural material
of the fuel rod cladding - zirconium alloy E110; - structural material of the fuel assembly skeleton - stainless steels
08Kh18N10T and 12Kh18N10T; - fuel materials in the form of Al + UO2 pellets with dispersion systems and ceramic
UO2. 13. We worked through the main process operations and control methods for manufacturing of UO2 pellet
fuel with a diameter of 7.57 mm and a height of 8-10 mm (preparation of powders, press mixture, pressing with a
binding agent, sintering, dimension control, density control, oxygen coefficient control) and developed a process
instruction "Manufacturing of Uranium Dioxide Pellets" P515-01 TI. 14. We worked through the main process
operations and control methods for manufacturing of container-type fuel rods with the pellet fuel (welding of the
cladding and end plugs, loading the fuel rod with fuel pellets and filling with helium, fuel and fuel rod weight



control, fuel rod geometry control, visual control, weld joint sealing control, and overall fuel rod control). Electric-
arc welding with a tungsten electrode in a guaranteed protective atmosphere was selected as the main fuel rod
sealing method and the optimum welding parameters were identified. 15. We studied the selected structural
materials of fuel rods and FA-Kh, as well as FR and FA weld joints to predict their long-term performance. Two
materials were considered and studied as the structural material of the FA-Kh skeleton - E110 zirconium alloy and
Kh18N10T stainless steel. We worked through the main operations on manufacturing of the FA skeleton structural
elements, as well as skeleton and FA assembly technology (manufacturing and close-fitting the parts, selection of
the technology for connecting the skeleton parts, and assembly and securing of fuel rods in the FA). Several
options of parts and their connection were considered, the best ones were further elaborated, and a pilot skeleton
and one design of the FA-Kh was manufactured using steel 12Kh18N10T as the structural material. 16. The FA-Kh
design described in the Technical Proposal was optimized. To ensure FA-Kh compatibility with the reference
WWR-M2 FA in the case of their simultaneous use in the mixed sub-critical assembly core, their hydraulic
parameters were equalized by increasing the flow area in the FA-Kh top grid. 17. Corrosion tests were done on
samples of cladding tubes and weld joints with the end plugs of E110 fuel rods after machining and chemical
polishing. The oxide films, including their outer layers formed at temperatures in the range of (50...350) C, have
high mechanical strength parameters. According to gravimetric data and oxide film examination, the machined and
chemically polished samples have high corrosion resistance. 18. Long-term prediction of E110 sample corrosion
kinetics based on experimental data obtained in the course of this work, demonstrates that the E110 corrosion rate
in the sub-critical assembly coolant environment is very low. The E110 and weld joint material samples, both with a
mechanically treated and a chemically polished surface, have a sufficient corrosion resistance margin for the sub-
critical assembly design operation period. 19. A study of corrosion compatibility of the aluminum alloy SAV-1 with
Kh18N10T-type stainless steel and zirconium alloy E110 in deionized water at a temperature of 200 C for the
duration of 150 hours demonstrated that the samples of contact pairs SAV-1/E110, which electrically contact with
each other, did not reveal any significant changes in the SAV-1 appearance. For the contact of SAV-1 and Kh18N10T
samples, the aluminum alloy had a higher degree of oxidation, which is testified to by a lighter oxide film. An
overview of reference sources points to a possibility of galvanic corrosion of aluminum and its alloys as a factor of
certain conditions. Therefore, research should continue, since corrosion of aluminum alloys in high-purity water is
a complicated process and depends on a great number of interdependent factors, whose impact on SAV-1 alloy
stability needs to be identified and taken into account during design, implementation, and operation of
components of the sub-critical assembly's core internals. 20. There were completed nuclear, thermal physics,
hydraulic, mechanical, and strength analyses to substantiate selection of materials, reliability, and performance of
the developed fuel rod designs with UO2 fuel and E110 cladding for normal operating conditions of fuel rods, fuel
assemblies and sub-critical assembly core taking into account the results of studies and developments completed
at the stage of Preliminary Design. The calculations demonstrated high strength and thermal physics reliability and
structural integrity of the FA-Kh fuel element within the design operation time of 43,800 effective hours with a
maximum linear thermal power of 2.36 kW /m. 21. Samples were subjected to a number of studies and tests to
substantiate the use of materials, FR and FA component manufacturing technologies, and predict their
performance. 22. It is recommended that the following areas be further pursued at the Advanced (Engineering)
Design stage: - develop and substantiate the use of fuel rods with UO2 pellet ceramic fuel; - develop a FA with 6
fuel rods; - substantiate selection of the FA structural material to exclude electrochemical corrosion of materials in
the sub-critical assembly core.
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