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Pedepar:

1. B po6oTi Ha OCHOBI aHai3y BiOMUX AOCJIII)KEHb TEIJIOBOTO CTaHY BEHTMUJIbOBAaHUX KOHTENHePiB 36epiraHHs BAIII
Ta aHaJi3y pe3yJbTaTiB MOHITOPUHIY TEIIJIOBOTO CTaHy KOHTeNHEePiB 30epiranHs 3anopisskoi AEC Brnepie
TOCJIIPKEHO i y3araJibHEHO XapakTep repeoiry TenaoQisnyHmux MpoLeciB y BEHTUIbOBAHUX KOHTEIHEPAX CyXOTro
30epiraHHs Bif[IpalibOBaHOTO SIIEPHOTO MaJMBa, 110 JO3BOJIUJIO BUSBUTU Ta KIacu(iKyBaT OCHOBHI YMHHUKY, SIKi
BILJIMBAIOTh HA TEIJIOBUIA CTaH IIaJIMBa Ta OCHOBHOTO 00JIaIHAHHS IPOTSTOM YCbOI'O CTPOKY €KCILTyaTallii CXOBUILA.
Cepeq Takux (aKTOpiB BIUIMBY BUAiJIEHO: aHTPOIIOT€HHO-TEXHOT€HHi, IOTOJHO-KJIIMaTNYHi, KOHCTPYKTUBHI,
disuyHi. 715 TpoBeeHHs JeTajJbHOTO aHali3y TeIJIOBOTO CTaHy KOHTelHepiB 30epiraHHs BiAnpanboBaHOro
SIepPHOrO NaJIMBa 3 ypaxyBaHHIM OCHOBHUX (aKTOpiB BIJIMBY CTBOPEHO HOBUY YHiBepCasbHUM Mifxif 01s
BM3HAUEHHSI TEIJIOBOTrO cTaHy BTl Ta eneMeHTiB 061aiHaHHS 30€piraHHs, 1o 6a3yeTbCs Ha iTepaliitHOMy
PO3B's13aHHI IPSIMUX CIIPSDKEHUX Ta 00€PHEHUX 33/1a4 TEMJIO0O0MiHY 3 BUKOPUCTAHHSIM MOJIeJIel Pi3HOTrO PiBHS

ckisagHocTi. [yist cyxoro cxosumia BSIT 3anopispkoi AEC 6i10 BuiizieHO I'SITh PiBHIB CKJIaHOCTI: rpyma



KOHTENHEPIB, OKpEMUI1 KOHTENHED, KOP3MHA 3 NTAJIMBHUMU 30ipKaMy, NasvBHa 360ipka, TBeJI. I3 3acTOCyBaHHIM
iTepaTUBHOI METOMKU OYJIO IIPOBELEHO CEPiI0 PO3PaxyHKOBUX AOCIIIPKEHb, SIKi JO3BOJIMJIU OTPUMATHU HOBI JaHi
IIPO TEIJIOBUI CTaH KOHTEVHEPIB 3 BifIpallbOBaHMM [TJIMBOM B YMOBAax IIPOEKTHUX aBapill pi3HOi npupoau. 3a
MaKCHMMaJIbHUM piBHeM Temnepatypu BSIII 6yso BBeeHO Kiacudikalio aBapiii, o J03BOJIUIIO BUSIBUTHU Ti, 5IKi
OoTpebyIoTh IIEPIIOYEeProBOro YCyHeHHs 171 3abe3eyeHHs TeIJIOBOro KpuTepito 6esnexku. B po6ori Buepiue 3a
pe3yJbTaTaMu TEIJIOBUX JIOCIIiIKeHb 3alpOIIOHOBaHa Kiacugikaliist nopyieHb HOpMajbHUAX YMOB eKCIulyaTaliii,
10 TOB'sI3aHi 3 IEPEKPUTTIM BEHTUJISILIIHNX KaHaJliB, B TOMY YMCJIi ¥ IPOEKTHUX aBapil, sKi 00yMOBJIEH] UM
YMHHUKOM. PO3IJIIHYTO yCi MOXK/IMBI BapiaHTY NIEPEKPUTTS BEHTUIIALINHNX KaHaliB. BU3BHa4Y€HO, 1110 HAVBUII
TEMIIEPATyPH AOCATAIOThCS IPU NNEPEKPUTTI BEPXHIX BEHTUIIALITHUX OTBOPIB; TaKi NOPYLIEHHSI YMOB HOPMAJIbHO]
eKCIulyaTallii Ta aBapiiiHi cuTyallil IOBUHHI OYTH YCyHEHi Ilepuioyeproso. Po3risiHyTo BapiaHTU [OJIiNIIEHHS
TEIJIOBOI'O CTaHy KOHTENHePIB 3 BAII mpoTArom ycboro TepMiHy eKcCIulyaTallii Cyxoro cxosuiua. byio
3aIIPOIIOHOBAHO CTBOPEHHS 3aXUCHOI IIOTOAHOI KPUILKY, KA 3MEHIIyE HEraTUBHUM BIJIVB BiTPY Ha TEIJIOBUM CTaH
BAITI, mo 36epiraeTbcs, a TAKOX JOCiIKeHI LUISIXY MofiepHi3alii popmu Ta po3MipiB BEHTUIISILITHOTO TPaKTy
KOHTeNHepa 36epiranHs. Po3po6yieHo HOBUI MeTO]] PO3MillleHHSI KOHTeMHepiB 3 BiflIpallbOBAaHUM SA€PHUM
NajInBOM Ha BiIKPUTOMY MalJaHYMKy CyXOTrO CXOBMILA, 1[0 3MEHIIYE {X B3a€MHUN TENJIOBUY BIJIUBY, i BUIILYE
ePeKTUBHICTb POOOTU CUCTEMHU TEIIJIOBOTO MOHITOPUHTY Ta 3abe3Ievyye HeoOXinHU piBeHb 6e31eKu
IIOBrOCTPOKOBOI €KCIlJIyaTallii CXOBUILA B 11iIoMy. PO3MillleHHSI KOHTeMHEPIB, 10 MICTATb IIAJIMBO 3 6i/blI BUCOKUM
3QJIMIIKOBYM TEIJIOBUIIJIEHHSIM, B CEPEIUHI IPyNIY KOHTEMHEPIB 103BOJIMTh 3HU3UTH BIUJIUB BiTPY Ha BEPXHi
BEHTWJISILIIMHI OTBOPH i, BIINOBIIHO, IIOKPALIUTHU SIKICTb TEIIJIOBOIO MOHITOPUHTY. Y JOCKOHQJIEHO METO],
PO3MillleHHS ITaJIMBHUX 30ipOK B KOP3WHi 30epiraHHs [J1s1 3MEHIIEHHS PiBHS TEMIIEPATyp IIJISIXOM BCTAHOBJIEHHS
MaKCHMMaJIbHO IIPUITYCTUMOTO PiBHS 3aJIMIIKOBOTO TEIJIOBUIIZIEHHS JJ1s1 TPYII BillIpallbOBaHUX MAJIMBHUX 30ipOK,
1110 36€epiraloThbCs, IKUH L03BOJISIE HE TIOPYIIYBAaTH HOPMU pafialiiiHoi 6e3neKku. BinnoBifHo 10 METOAY B LIEHTPI
rpymnu 36ipoK po3MillyioTbCs 30ipKH i3 3aJIMIIKOBUM TEIJIOBUIITIEHHSM, IO CKIaAae 75 % Bif MakCUMabHO
IIPUITYCTAMOTrO PiBHS TENJIOBUAiNEHHS. [ 36ipOK, 110 OTOYYIOTh LIEeHTpasbHi 36ipKH, piB€Hb TENJIOBUAiIEHHS
MO>KJIMBO 36i1bmnTH 10 106,25 %, TennoBuineHHs 36ipok Ha nepudepiiiHiil yacTUHI rpynyu He IOBUHHE
[IepEeBUIyBaTH MAaKCUMAJIbHO IIPUITyCTUME. Y PO6OTi Briepiie CTBOPEHi METOANYHI OCHOBU ITPOTHO3YBAHHS
TEIJIOBOI'O CTaHy BEHTUJIbOBAHUX KOHTEMHEPIB 3 BillIPallbOBAHUM S€PHUM MAJINBOM. 3HAUIEHO 3aJIE>KHOCTI
TeMIIEpaTypH BEHTUJISILIITHOTO MOBITPsI HAa BUXO/i i3 KOHTEeNHepa 36epiraHHs Ta MaKCUMaJslbHOI TEMIIEpaTypu B
Kop3uHi 3 BAII Bif piBHS 3a7MIIKOBOTO TEMJIOBUINIEHHS Ta TEMIIEPATYPU aTMOCHEPHOTO MOBITPS. 3aIPONIOHOBAHO
HOBUI METOJ, KOHTPOJIIO TEIJIOBOTO CTaHy KOHTelHepiB 3 BSIII, sikuii 6a3yeTbcs Ha IOPIBHSHHI pe3yJIbTaTiB BUMIPIB
Ta TEOPETUYHUX PO3PAXYHKIB IPOrHO3HOTO 3HAYEHHS TEMIIEPATYPU BEHTUJIALIIHOTO IIOBITPS HA BUXO] 3
KOHTelHepa 36epiranHs. Po3po6J1eHO KOHLENTYalbHy MOZENb iHpOpMaliiHOi CHCTEMU MOHITOPUHTY TEIJIOBOTO

CTaHy BiANpanbOBaHOIO ANEPHOrO MaJINBa Ta CTPYKTYPY 6a3u IaHuX, o OyAe BXOAUTHU 1o ii cKaamy.

2. In the work on the basis of the analysis of well-known researches of the thermal state of ventilated storage
containers with SNF and analysis of the monitoring results of the thermal state of storage containers of the
Zaoprizhska NPP, the nature of the thermophysical processes in ventilated containers of dry storage of spent
nuclear fuel has been explored and generalized, which has allowed to identify and classify the main factors
influencing on the thermal state of fuel and basic equipment during the whole storage facility operation. Among
these influencing factors highlighted: anthropogenic, weather and climate, structural, physical. In order to carry
out a detailed analysis of the thermal state of spent fuel storage containers, taking into account the main factors of
influence, a new universal approach for determining the thermal state of spent fuel and storage equipment
elements based on the iterative solution of the direct conjugate and inverse heat transfer problems using models
of different complexity levels has been created. Five complexity levels were identified for the SNF dry storage
facility of the Zaporizhska NPP: a group of containers, a separate container, a basket with fuel assemblies, a fuel
assembly, a fuel rod. Using the iterative methodology, a series of computational studies were conducted that
allowed obtaining new data on the thermal state of containers with spent fuel in the conditions of different design
accidents. On base of the maximum temperature level of spent fuel, a classification of accidents was introduced,
which allowed identifying those that require a priority elimination to provide a thermal safety criterion. In the



work for the first time, according to the results of thermal research, a classification of violations of normal
operating conditions related to the blockage of ventilation channels, including design accidents, which are caused
by this factor, is proposed. All possible variants of ventilation channels blockage are considered. It is determined
that the highest temperatures are achieved by blockage of the upper ventilation vents; such blockage of normal
operating conditions and emergency situations should be eliminated first and foremost. The variants of
improvement of the thermal state of containers with SNF during the whole operation period of the dry storage are
considered. It was proposed to create a protective weather lid, which reduces the negative impact of wind on the
thermal state of spent fuel; and also ways to modernization of the shape and size of the ventilation duct of the
storage container were explored. A new method of placing containers with spent nuclear fuel in the open site of a
dry storage facility, which reduces their mutual thermal influence, has increased the efficiency of the system of
thermal monitoring and provides the necessary level of safety of long-term operation of the storage facility in
general. Placement containers containing fuel with higher decay heat generation in the middle of the containers
group will reduce the effect of wind on the upper ventilation vents and, respectively, improve the quality of
thermal monitoring. The method of placing fuel assemblies in the storage basket with purpose to reduce the
temperature level has been improved by setting the maximum permissible level of decay heat for stored spent fuel
assemblies, which allows not to violate radiation safety standards. According to the method, assemblies with decay
heat are placed in the center of the fuel assemblies group, which is 75% of the maximum allowable level of heat
generation. For assemblies that surround the central ones, the level of heat can be increased to 106.25%, the heat
release of the assemblies on the periphery of the group should not exceed the maximum allowable. The methodical
bases for predicting the thermal state of ventilated containers with spent nuclear fuel were first created in the
work. The dependences of the temperature of the ventilation air in the outlet vent of the storage container and the
maximum temperature in the storage cask with spent fuel from the level of decay heat and temperature of the
atmospheric air are found. A new method for controlling the thermal state of containers with SNF is proposed,
which is based on comparison of the results of measurements and theoretical calculations of the predicted value of
the temperature of the ventilation air at the exit from the storage container. The conceptual model of the
information system for thermal state monitoring of spent nuclear fuel and the structure of the database, which will
be included in it, are developed.
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