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H B xope peanusauuu npoekta no Bbieo3y OTBC pymbiH-
cKkoro peaktopa BBP-C Bo3HMKJIa NOTPe6HOCTb B UCMONb-
30BaHMM BO3AYLIHOrO TpaHcnopTa. Poccuiickum cneum-
anucTam NpULIocb NMPUNOXKUTb 3HauUTeNbHble yCMnua
CHavyana ana o6ocHoBaHMA 6e30nMacHOCTM TaKoW nepe-
BO3KW, a NOTOM 1 ANA ee opraHu3aLun.

Wnesa TpancnioptupoBanusg OAT mo Bo3ayxy He HOBA.
B 1993-1994 rtomax cocrosimuch nBe mepeBo3ku OAT
uccaenoBaresnbckoro peakropa WPT-5000 u3 Mpaka
(Tuwaitha Nuclear Research Centre — TNRC) B Poccuio
(ITO «Masik»). Beero 6b110 BoiBeseno 208 OTBC, coaep-
Kamux uyTh MeHee 100 xr ypaHa, B TOM 4HCJIE U BBICOKO-
oboraleHHOro. BbIBO3 0CYIIECTBIISICS B aMEPUKAHCKIX
konteiiHepax NAC-LWT (NAC International) na poccuii-
ckoM BoazayurHoM cynHe AH-124-100. O6craHoBKa, Tipu
KOTOPOIi TIPOMCXO/IHIIA JaHHAs olepalius, Oblja Ype3Bbl-
vaittoil. Peaktop MPT-5000 6bL1 paspylieH B TeueHUe
nepBsbIxX AHell BoiHbl 1991 roza, HO npupeakTopHbIN Hac-
ceitt, B kotopoM xpanuiaach yactb OTBC, u camu c6op-
K1 He GbITH moBpeskeHbl. TeM He MeHee, bacceiiH ObLT 3a-
BaJIeH CTPOUTEIBHBIMHA KOHCTPYKIMAMHU 3[aHUS PEaKTO-
pa. Octampubie OTBC xpanuancs B apyrom mecte (Garf
al Naddaf district), pacrososkerntom B 5 kM o TNRC u e
NpUCIOCOGIEHHOM st 0Opamenust ¢ 0TpaboTaBIINM TO-
oM. Makruyecku OTBC 6buin pazmeriensbl B GeTOH-
HBIX OyHKepax, KOTOPbIE, B CBOIO 0Yepelb, Obuin norpede-
HBI B KOTJIOBAHE, BBIPHITOM HA OTKPBITOI MECTHOCTH.

IMopo6ubie ycaosus xpanenuss OST, omacuocts He-
CAHKIIMOHUPOBAHHOTO PACIIPOCTPAHEHUS JEJISIIUXCS Ma-
TEPUANOB U MOJUTHYECKAs CUTYyallusi B CTpaHe TpeboBa-
s HememsienHoro ynanenusi OAT usz Wpaxa. Kak Toro
TpeGoBann MexayHapoaHbie cornamenus, OAT Hyx-
HO GBLIO BEPHYTD B CTPaHy MPOUCXOKAeHNs — B Poccuio.
EMuHCTBEHHBIM BU/IOM TPAHCIIOPTA, CIIOCOOHBIM YIOBJIET-
BOPUTH TPeOGOBAHUSM UPE3BBIYAWHOCTH, OBII BO3IYII-
Hbll. MekayHaponnble HOPMATHBHBIE TIPABUJIA, peETy-
smpyiomue epeBo3ku OAT B Te TO/ABI, He HAKIAIBIBAIH
OTpaHMYeHNil Ha MCIOJIb30BAHUE BO3AYIIHOTO TPAHCIIOP-
Ta /7S MEePeBO3KN MaTEPHAJOB C BBICOKOW aKTHBHOCTBIO.
[Tpu nepeBoske pykoBojcTBOBadnCh «OCHOBHBIMU TIpa-
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® During the implementation of the project to remove
the spent fuel assemblies from the Romanian VVR-S reac-
tor it became necessary to use air transport for that pur-
pose. The Russian specialists had to go great lengths to
first justify the safety of such transport, and then to make
sure it actually happens.

The idea to transport spent fuel by air is not itself new.
In 1993-1994, two transports of spent fuel took place from
the IRT-5000 research reactor in Iraq (Tuwaitha Nuclear
Research Centre — TNRC) to Russia (Mayak). A total of
208 SFAs were repatriated, containing a little less than 100
kg of uranium, including some highly-enriched. The fuel was
moved using the American NAC-IWT (NAC International)
casks on board a Russian AN-124-100 aircraft. The circum-
stances surrounding that fuel transport were extraordinary.
The IRT-5000 reactor had been hit and destroyed during the
first few days of the 1991 war, but the nearby fuel cooling
pool, which contained some of the SFAs, and the assemblies
themselves had not been damaged. Nonetheless, the pool was
covered with debris from the destroyed reactor building. The
remaining SFAs were stored in a different location (in Garf
al Naddaf district), 5 kilometres from the TNRC, which was
not suitable for management of spent nuclear fuel. The SFAs
were actually placed into concrete bunkers, which were in
their turn buried in an open-ground pit.

Such conditions of spent fuel storage, along with the
danger of unauthorised dissemination of fissionable materi-
als and difficult political situation in the country called for
immediate action to take that spent fuel out of Iraq. As re-
quired by the international agreements, the spent fuel had
to go back to its country of origin, i.e. to Russia. The only
mode of transport that would satisfy all emergency and ur-
gency requirements of the situation was air. International
regulations pertaining to spent fuel transport at the time did
not impose any limitations on utilisation of air transport for
transportation of highly radioactive materials. The primary
provisions for transport were those of the "Main safety and
physical protection regulation for transport of nuclear mate-
rials” (OPBZ-83) and the Regulations for the Safe Transport
of Radioactive Material (IAEA, 1985).
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TPAHCNOPTUPOBAHME

BUJIaMU G€30TTaCHOCTH U (DU3MUYECKOT 3aIUTHI TIPH TIepe-
Bo3Ke siepHbix MatepuanioBy (OIIB3-83) u «IIpaBunamn
6e30TacHOll TMEPEeBO3KN PaJNOAKTUBHBIX MaTePUaTOB»>
(MATAT3, 1985 ron).

[locaencTBust aBapuii Ha BO3YIIHOM TPAHCIIOPTE 3HA-
qUTEIHHO GoJIee TsKeIble, YeM Ha HA3eMHBIX U BOJIHBIX BH-
JlaxX TpaHciopTa, moatomy B mpaBuyia MATATO TS-R-1 us-
nanus 1996 roga Geim BBEneHbl Gostee cTporne TpeGoBa-
HUSI K YITAKOBKAM, [IPeIHA3HAYEHHBIM JIJIsI TIEPEBO3KU JIeJIsI-
HIMXCSI MATEPUAJIOB 110 BO3AYXy. B WacTHOCTH, B 9TOM JI0-
KyMeHTe MOSIBUIMCH TPeOOBaHUsI OTPaHNYEHHs aKTHBHO-
CTU COMEP;KMMOTO YIMAKOBKU U TOAKPUTUYHOCTU OT/EJb-
HOH yIIaKOBKH I10CJIe YCUJIEHHOH cepuu uctibiTanuii. bosee
no3auue npasuia MATATI 2005 roga moaTBEPAUIIM 9TO
TpeboBanue. JIJist MaTepuaia Heocoboro Bria 6L yCTAHOB-
sen npesen akrusHoctr 3000A,, npuHuMasg BO BHUMaHKME
BBITTOJTHEHHBIN paree aHaIn3 puckos [1].

Tpaucrnoprupoanne OTBC u3 Pymbinuu 8 PO ne
SABJISIJIOCH Ype3BbIUAiHON omeparueii. Tem He MeHee, Ha
MOMEHT BBITIOJTHEHUST MPOEKTa IPOOJIEMbl HA3EMHOIO
TPAH3UTHOTO TPAHCIOPTUPOBAHUS Ye€Pe3 TPEThU CTPAHDI
He OBbLIN pelieHbl. B CBS3U ¢ 9TUM BO3HUKJIO TIPeJIOxKe-
nue ocymectsuTb BoiBo3 OTBC u3 Pymbinuu ¢ ucnosn-
30BaHMEM BO3[YIIHOIO TPAHCIOPTA. YYACTHUKHU IE€PBO-
ro coBellanus, KoTopoe coctosiyioch 2 mapra 2006 roma
B Mockse, ybenuiich, uto aktuBHocTh Beex 70 OTBC
tumna C-36 pymbrackoro peakropa BBP-C (=25 kr ypa-
Ha) Ha MOMEHT TIePEeBO3KH He TIPEBBINIACT YCTAHOBIECHHO-
ro npasugamu HII-053-04 u TS-R-1 snauenna 3000A,.
CuenoBarenbHo, nepeBoska atux OTBC morma GbiTh
OCYIIECTBJI€HA BO3AYIIHBIM TPAHCIIOPTOM B YIIAKOBKAX
tuna B(U) [2].

JLaist perennst MocTaBIeHHON 332491 ObLIO HEOOXOANMO:

— pa3paboTaTh TPAHCIIOPTHLII ITAKET, 00eCIIeYNBAIOLIIIL
nepeBo3ky ynakoBok TYK-19 paznuynbiMu BujiaMu TpaHc-
MOPTa, B TOM YHUCJIE BO3YITHBIM;

— MIPO/IEMOHCTPUPOBATH BO3MOKHOCTD 3arPy3KH TPAHC-
noptHoro nakera B camosier AH-124-100;

— 060CHOBATH GE30ITACHOCTH KOHCTPYKITMN YITAKOBK;

— 060CHOBATH GE30TACHOCTH CAMOT TIEPEBO3KHL.

PA3PABOTKA TPAHCIIOPTHOI'O MAKETA

[lnsa nepesosku OST peakropa BBP-C 6bu1 BbiOpan
poccuiickuil neapbHOMeTaIIHYecKuil Koureitnep TYK-19.
Yro6bl 06eCneunTh MYJBTUMOAATBHOCTD TIEPEBO3KH, OBLI
paspaboTaH TPAHCIOPTHBIN TTAKeT Ha OCHOBE CIIEIHAaJIN-
3UPOBAHHOTO TPY30BOTO KpynmHOTOHHA)HOTO 20-(yToBO-
ro ISO-konreiinepa (CI'’KK), B KoTOpOM pa3menaanuch Tpu
konteitnepa TYK-19. ITo npounoctu CI'KK momxken yzo-
BJIETBOPSITH OTPACTIEBBIM HOPMaM TIEPEBO3KU OMACHBIX I'PY-
30B PA3TMYHBIMU BUIAMU TPAHCIIOPTA: BO3IYITHBIM, aBTO-
MOGHITLHBIM, JKEJE3HOMOPOKHBIM U MOPCKHUM. YTTaKOBKH
TYK-19 zakpemsiiancs B8 CITKK ¢ moMoIibio cucteMbr Tas-
PETIOB, CIIOCOOHBIX BBIZIEP:KATD YCKOPEHMsI 1 BUOPAIINH, Xa-
pakTepHble 171 BeeX BUa0B Tpancrnopra. CI'KK mporren
aKcrepTusy B PoccuiickoM MOPCKOM perucrpe Cyaioxoji-
crBa (PMPC) Ha coorBercTBrE TPEOOBAHUIM CTAHAAPTOB.
[Tocie ycrienHpIxX UCTIBITAHME HA UCIIBITATE/IbHBIX CTEH/IAX,
ocsujieresiberBoBantbix PMPC, 17 anpesst 2008 rozga GbLi
nosryuen ceprudukar-paspemenue Ne08.11146.130 o no-
nycke CI'KK k nepeBoske rpy3oB.
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MexpayHapogHble 1 poccuiicKme npasiia 6e30MacHOCTN NepeBO30K
The IAEA TS-R-1 regulation and russian NP-053-040

Potential consequences of an air transport accident are far
more severe than on land or sea transport, as a result of which
the 1996 edition of the TAEA TS-R-1 regulation was amended
to include stricter requirements applicable to packages that are
intended for transport of fissionable materials by air. In particu-
lar, the document came to feature requirements regarding the
limitation of radioactivity content in the package and subcriti-
cality of a single package after a series of extended tests. The
later, 2005 edition of this TAEA regulation confirmed the valid-
ity of those provisions. For a non-specific type of material, the
activity limit of 3000A, was set, taking into consideration the
previously performed risks analysis [1].

Transportation of SFAs from Romania to the Russian
Federation was not, however, an emergency operation.
Nonetheless, as of the time of the project the arrangements
necessary for overland transport through third countries were
not in place. In connection with this, a suggestion was put
forward to repatriate the SFAs from Romania using air trans-
port. Attendees to the first meeting on the 2nd March 2006 in
Moscow were provided with evidence that the activity levels
of all 70 S-36 SFAs available at the Romanian VVR-S reactor
(=25 kg of uranium) at the time of transport would not exceed
the 3000A, limit stipulated by the NP-053-04 and TS-R-1.
Accordingly, these SFAs were suitable for transport by air in
type B(U) packages [2].

For the task to be completed, the following needed to be
performed:

— develop a transport package that would support the
transport of TUK-19 casks by various types of transport, in-
cluding air;

— demonstrate the possibility of loading that transport
package on board the AN-124-100 aircraft;

— prepare a safety justification for the package design;

— prepare a safety justification for the transportation proc-
ess itself.

TRANSPORT PACKAGE DEVELOPMENT

For the purposes of transport of the VVR-S spent fuel, the
Russian wholly-metallic TUK-19 cask was selected. In order to

Ne 12011 cneysbinyck



TRANSPORTATION

21 asrycra 2008 roga B asporopry ro-
poma YesnstOWHCKA COCTOSIIACH YCIIETHAS
JIEMOHCTPAIUS BO3MOKHOCTH  3arpy3Ku
TPAHCIIOPTHOrO mHakera B camoser AH-

124-100.

O0B50CHOBAHUE BE3ONMACHOCTH

KOHCTPYKL UMW YNAKOBKH

Haubosee cioxHoM 3aa4eii 0kazaioch
JIOKA3aTeJIbCTBO COXPAHEHUS MOIKPUTHY-
HOCTHU €JIUHUYHOI yITAKOBKY TPU YCHUJIEH-
HOW CepuM MCIbITAaHUI: HA MPOKoJ (pas-
PBIB), YCUJICHHOE TEIJIOBOE WCIBITAaHUE U
Ha CTOJIKHOBeHUe. B cooTBeTcTBUU C Tpe-
GOBaHUSIMU POCCUNCKUX W MEKITYyHAPOJI-
HBIX MTPABUJT, YIIAKOBKH C AEJIATIIIMIICS Ma-
TepuajaMH, TTpelHa3HadeHHble K TMepeBo3-
Ke BO3AYIIHLIM TPAHCTIOPTOM, [OJIKHBI
obecrieunBarh AAepHYI0 GE30IIACHOCTD 110~
cJie IBYX CepUil TOMOJHUTENbHBIX YCUICH-
HBIX UCIIBITAHWIT, UMUTUPYIONUX aBUAIU-
OHHbBIE ABAPUH.

B cBssu ¢ atum axcnepramu POSI-BHUMN DD Gbiiu
[IPOBE/IEHBI PACUETHBIE UCCJEIOBAHUS TIPOLECCA TUHAMU-
4ecKoro /1ehOpMUPOBAHUS U OIIEHKHU IPOYHOCTH YIIAKOBKHU
TYK-19 nipu BozneiicTBUM MeXaHUYECKUX HATPY30K, MO/Ie-
JINPYIOMIUX HOPMAJIbHBIE YCJIOBUST IKCILIYaTAI[UH, & TAK)Ke
HeIITaTHBIE YCJIOBUS TIEPEBO3KH, BKJIOYAS ABUAIMOHHYIO
aBapwuio.

PesypraTel pacueToB TOKasajad, YTO IOCJE BO3[EH-
CTBUS Ha OT/EJABHYIO YIAaKOBKY MEXaHWYECKUX aBapwii-
HBIX HArpy30K (TajieHne ¢ BBICOTHI 9 M, Mmajzienne Ha yma-
KOBKY Tesia Maccoii 500 Kr ¢ BbICOTBI 9 M, TmajmeHue Ha
MITBIPh C BBICOTBI 3 M) COXpaHsAeTCs WMCXOTHAsS TepMe-
TuuHOCTh 1 pouHocTh TYK, obeceunBaercs nspaekae-
MocTh yexsia ¢ OTBC u3 TYK u nocnenyiorniee ussiede-
nre OTBC n3s yexia.

[Ipn cTOnMKHOBEHNU OT/EIBHON YIAKOBKU C JKECT-
Koil nperpagoil za ckopoctu 90 M/c B GOJIBIIOM jualia-
30HE YIJIOB TPOUCXOJMUT paspylueHue OOJITOBOTO coe-
nuHenus kpeinku u kopryca TYK. Ilpu atom mesoct-
vocth TYK (ero pagnanmoHHON| 3aIIUThI) COXPaHIETCsI,
yexosn 1 OTBC nedbopMupyioTcsi, IpOUCXOAUT paspylie-
Hrue OTBC u tBasoB. Bei6poc uexima ¢ OTBC u3 kopmy-
ca TYK B 60JIBIIMHCTBE CJIYYaeB CTOJKHOBEHUS C JKECT-
KOIT Tperpamoil oTcyTcTByeT. B mporecce medopmupona-
Husg TYK Bo3MoOKHO 3akTMHWBAHUE €T0 KPBIMKK B KOP-
myce KOHTeltHepa.

Cnenumanuctsl oTaena saeprHoii 6ezonacnoctu THIT PD
— DOU BBHIIOJIHWIN HE3aBUCUMYIO OLEHKY 00ecriedeHust
sLIepHOI 6e3011aCHOCTU YIIAKOBKHU JIJIsl HAMXY [IIIUX CJIyYaeB
CTOJIKHOBEHUS YITAKOBKH C JKECTKOU MPETpajioil U ToKasa-
JIn, 4TO TpaHcrnoptupoBanue ymakoBkn TYK-19 ¢ pymbin-
ckumu OTBC aBranuoHHBIM TPAHCHIOPTOM YAOBJIETBOPS-
eT TpeGOBaHUAM SIIEPHOIT 6E30TIaCHOCTH, M3JI0KEHHBIM B
HII-053-04 u TS-R-1.

PesynbraTel pacueTHBIX U M3MEPEHHBIX YPOBHEN W3-
ayuenusi st TYK-19, sarpyskennoro udersippmsi OTBC
C MAaKCUMAaJbHBIMU PAaJUAIMOHHBIMUA XapaKTEePUCTUKAMU,
B HOPMAJIbHBIX YCJOBUSX TI€PEBO3KU TOATBEPAUJIU, UTO
MOIITHOCTH 7I03Bl W3JIYYCHUS HA MOBEPXHOCTH YITAKOBKH

Ne 12011 special edition

[leMoHCTpaLus 3arpy3Km TPaHCMOPTHOTO NakeTa B asponopTty YenabrHcka
Transport package demonstration loading at a Chelyabinsk airfield

ensure that the transport can be performed in multiple modes, a
dedicated transport package was developed on the basis of the
specialised heavy-duty 20-foot ISO cargo container, with each
accommodating three TUK-19 casks. The structural properties
of the cargo container had to meet the requirements of the in-
dustry transport regulations for dangerous cargoes by various
modes of transport: air, automobile, rail and sea. The TUK-19
casks were to be secured inside the cargo container by a system
of buckles, capable of withstanding the accelerations and vibra-
tions characteristic of all these types of transport. The proper-
ties of the cargo container were subjected to extensive review
by the Russian Registrar of Shipping for compliance with the
requirements of applicable standards. After successful rig tests
witnessed by representatives of the Registrar of Shipping, on
the 17th April 2008 a certificate-permit was issued, ref. No.
08.11146.130, permitting the use of this cargo container for
transport purposes.

On the 21st August 2008, an airfield near the Russian city
of Chelyabinsk became the location of a successful demonstra-
tion of feasibility of this transport package loading into the
AN-124-100 aircraft.

PACKAGE SAFETY JUSTIFICATION

The most difficult of tasks, however, was demonstration of
subcriticality of a single package subjected to an extensive se-
ries of tests: piercing (breach) test, extended thermal test and
collision test. In accordance with the requirements of Russian
and international codes, packages containing fissionable ma-
terials and intended for transport by air must still be able to
ensure nuclear safety after two series of extended tests that
simulate the conditions of an airplane crash.

In this connection, VNIIEF experts performed a range of
calculations to study the process of dynamic deformation and
assess structural strength of the TUK-19 package when sub-
jected to mechanical loadings characteristic of normal oper-
ating conditions, as well as abnormal conditions of transport,
including an airplane crash.

The results of the calculations demonstrated that a single
package, when subjected to accidental mechanical loadings

NUCLEAR & ENVIRONMENTAL SAFETY
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TPAHCNOPTUPOBAHME

(0,158 M3B/4) 3HAUNTENHHO MEHbIIIE YCTAHOBJIEHHOM ITpa-
Bustamu (2 M3B/4).

[TockoabKy B aBapUIHBIX YCIOBUAX MEPEBO3KH TIEJIOCT-
HOCTDH PaJNAllMOHHON 3alUThI He HapyIaeTcs, ObII cle-
JIAH BBIBOJI O TOM, YTO MOII[HOCTb JI03bl U3JIyYeHUsT Ha PaC-
CTOSTHUM 1 M OT TIOBEPXHOCTH YITAKOBKHU He Oy/eT TPeBbI-
math 0,038 M3B/4ac, 4TO TakKe HAMHOTO MeHbIlle 3HaJe-
Hus, yetanoBiaenHoro mpasuaamu (10 Mm3B/4ac).

[Tockospky MakcHMaIbHOE CyMMapHOE OCTaTOYHOE Te-
moBblieenre B yrnakoBke ¢ 4eTelppMsa OTBC cocrasis-
J0 He Gosee 9 B, TeMiiepaTypa Ha BHENIHEH MOBEPXHOCTH
TYK-19 B HOpMaJIbHBIX YCJOBUAX IKCILIyaTalluu He Ipe-
BoIimazna 40°C.

PesynbraTel pacueToB TTOKa3aid, 9TO TIOTEPU PaJloaK-
TuBHOTO coziepsknMoro n3 TYK-19 ang HopMaTbHBIX yco-
BUiT TiepeBo3ku 32 1 9 (a 1719 aBapmMiHBIX — 3a HEEJN0)
MeHbIIIE [TPeJIesia, YCTAHOBIEHHOTO TIPABHIIAMI.

OB50CHOBAHUE BE3ONMACHOCTU NEPEBO3KU

[To uannmaruse oraena saepHon 6esomacHoctr THIT
PO — ®OU 6611 npoBe/ieH aHAIN3 PaJUallMOHHBIX PH-
CKOB. ABapuu ¢ BeposTHOCTbIO Bbiliie 107 B pacuere Ha
OJIUH DeliCc B TOJ[ PAaCCMATPUBAJINICH B KauecTBE MPOEKT-
HBIX, IIpH BeposgTHocTH Huzke 107, Ho Bbimre 1070 B pacuere
Ha OJIMH PEliC B TO/l — KaK 3aIPOEKTHBIE (TTPY KOTOPBIX MO-
JKET BOSHUKHYTH HEOOXOAMMOCTD MPUHSTHST Mep s 3a-
IIUTH HACEJICHUS ).

Bbuto ucceoBano gepeBo  coObITHiT (Upe3BbIYaii-
HBIX CHUTYyaluii) TPUMEHUTEJbHO K YCJIOBHUSIM aBHAIle-
pesosku OAT 1o mapupyry Byxapect—Exkarepun6ypr,
MIPU KOTOPBIX, B IIPUHITUTIE, HE NCKITOYAIOTCS PAIAaAIlOH-
HbIe aBapUH, a TAaK)Ke BEPOSITHOCTA BO3HUKHOBEHUS TAaKMX
cUTyaIui.

W3 pe3ysbTaToB aHain3a CHAelOBAJIO, YTO IMPU HOP-
MAJTbHBIX YCJIOBUSIX TI€PEBO3KU BO3AYIIHBIM TPAHCIIOPTOM
OTBC B TYK-19 obecrieunBaercst 6€301aCHOCTD U TIEPCO-
HaJia, yyacTByoliero B nepeBodke OAT, u Hacenenus.

[Tpu aHa/IM3e YPE3BBHIYANHBIX CUTYAIMiT OBIJIO YCTAHOB-
JIEHO, UTO HE CYIIECTBYET BEPOSITHBIX coObITHI (P>1%107),
KOTOpBIe MOTYT OBITH paciierenst mo mkane INES kak aBa-
pun. HauboJiee BeposiTHbIE COOBITHS 110 9TOM HIKaJIE XapaK-

PaspelmtenbHble fokymeHTbl / Certificates and approvals
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MocnepacTBnA aBapuii Ha BO3AYLWHOM TpaHcnopre
3HauuTenbHO 6onee TAXKesnble, YeM HA Ha3eMHbIX U
BOAHbIX BUAaX TpaHcnopTa, no3tomy B npasuna MA-
TFATD TS-R-1 nzganuna 1996 roga 6binn BBegeHbl 60-
nee cTporue Tpe6oBaHUA K yNaKoBKaMm, NpeAHa3Ha-
YEeHHbIM ANA NepeBO3KMN AeNALUXCA MaTepuanos no
BO3AyXy. B yacTHOCTN B 3TOM JOKyMeHTe NOABUANCD
Tpe60oBaHNA OrpaHNYEHUNA aKTUBHOCTY COAEPKUMO-
ro ynakoBKMN M NOAKPUTUYHOCTYN OTAENbHOW YNaKOB-
K1 nocsie ycuneHHom cepun ncnbitaHuin. bonee nosg-
Hue npaBuna MATATD 2005 ropa noaTBepauaAn 310
Tpe6oBaHue.

Potential consequences of an air transport accident are far
more severe than on land or sea transport, as a result of which
the 1996 edition of the IAEA TS-R-1 regulation was amended
to include stricter requirements applicable to packages that
are intended for transport of fissionable materials by air.
In particular, the document came to feature requirements
regarding the limitation of radioactivity content in the package
and subcriticality of a single package after a series of extended
tests. The later, 2005 edition of this IAEA regulation confirmed
the validity of those provisions.

(9 metres drop; impact by a 500 kg body falling from 9 me-
tres; 3 metres drop onto a rod), would still retain its contain-
ment and integrity, assuring retrievability of the basket with
SFAs from the package and retrievability of the SFAs from
the basket.

When a single package moving at 90 metres/sec collides
with an unyielding obstacle, within a large range of angles
the bolted connection between the package body and lid gets
destroyed. At the same time, the integrity of the package
shielding would be retained, the basket and the SFAs would
deform, and the SFAs and fuel rods would be destroyed. In
the majority of cases of collision with an unyielding obstacle
there would be no release of the SFAs-containing basket from
the overpack cavity. In the process of package body deforma-
tion its lid may become stuck in its body.

Specialists from the nuclear safety department of the
Leipunsky Institute of Physics and Power Engineering per-
formed an independent assessment of whether nuclear safety of
the packages would be ensured under the most penalising cir-
cumstances of the package hitting an unyielding obstacle, which
demonstrated that the TUK-19 transport packages loaded with
the Romanian SFAs and transported by air would meet the nu-
clear safety requirements as per NP-053-04 and TS-R-1.

The results of computed and measured radiation levels
for the TUK-19 package loaded with four SFAs with the
highest radiation source properties in normal conditions of
transport have confirmed that the dose rate at the surface of
the package (0.158 mSv/hour) is well within the regulatory
limit (2 mSv/hour).

As in accidental conditions of transport the shielding
would still remain integral, it was concluded that the dose
rate at 1 metre from the package surface would not exceed
0.038 mSv/hour, which is also far below the regulatory value
(10 mSv/hour).

As the maximum total residual heat release per package
containing four SFAs would not be greater than 9 W, the tem-
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TRANSPORTATION

Camonet AH-124-100 / AN-124-100 aircraft

TEPU30BAINCH KaK MHIIMAEHTHI, a COObITHS ¢ HaunboJee Tsi-
SKEJIBIMU TIOCTIICTBUAMU (aBapUi) OKA3aJuCh MaJOBEpPO-
aTHbiMI. HeckobKo ncce[oBanHbIX COOBITHI OBLIN U Ma-
JIOBEPOSITHBI, U HE UMEJIU CEPbE3HbIX MOCAeNCTBUN (MHIU-
nenT) [2].

Boubiioe BHuManue npu peasnusanuu nepesosku OAT
u3 PyMmbIHUUN yzessioch aBapuitHoil nojaepskke. IIpu ak-
tusHoM cogeiicrBun ATILL CII6 6buia paspaGorana aBa-
puiinasg kaprouka Ne7-02, xoTopas ycTaHaBJIMBaJja Tep-
BUYHBIE IEHCTBUSA dKUTAKA BO3IYIITHOTO CY/IHA, COTIPOBO-
JK/IATOTIIETO TIEPCOHATTA W aBapPUITHO-CITACATETBHBIX CIYKO
B CJTyJae aBapuu.

[Tocne 3aBepieHns Beex paboT Mo 060CHOBaHUIO GE30-
nacuoctu 13 depasist 2009 roza 6bur nosyyen ceprudurar-
paspemiearie NeRUS/3104/B(U)F-96T na xoHCcTpyKIHio
VIIAKOBKU U TIEPEBO3KY.

RS

Beisoz OAT peaxropa BBP-C n3 Pymbiauu B pocenii-
ckux konteitHepax TYK-19 ¢ wucrosb3oBanuem BO3IyIII-
HOTO TPaHCIOPTa, HECOMHEHHO, ObLI aMOMIIMO3HBIM ITPO-
extoM. OTHAKO BBICOKIE I1[EJTH, KOTOPBIE TIOCTABIIN TIE€PET
co6OM yJaCTHUKHU TIPOEKTa, ¢ HeM30EKHOCTHIO 3aCTaBHJIN
rJIaBHOE BHUMAaHMUE Y/IENSATH BOMPocaM obectiedeHust 6e30-
macHocTH. [IpoeKT B TedeHMe TpeX JieT HaXOAUJICS O] 0CO-
OBIM HA30POM POCCUICKUX M PYMBIHCKUX KOMIIETEHTHBIX
1 PETYJINPYIOMINX OPTAHOB W COMTPOBOKAAJICS MU OT CAMO-
o Havasa [0 3aBepiienst. Pesysibrarsl pabot 110 000CHOBa-
HUTO 6€e30TTaCHOCTH, BBITIOTHSEMBIX TIPH MOATOTOBKE K TIe-
PEBO3Ke, MUPOKO OOCYKAATUCH IKCIIEPTAME U CTIEIHATIN-
CTaMM OTPACTN HA BHYTPUPOCCUIICKUX W MEKAYHAPOTHBIX
COBEIIAHUAX.

IIpoexr BoiBo3a OAT peakropa BBP-C us Pymbinun
mokasaJ, uto nepeBoska ymakoBok OAT ¢ orpannvenHoit
AKTUBHOCTbIO TIPU UCIIOJIb30BAHIY BO3/YIIITHOTO TPAHCIIOP-
Ta ¥ BO3SMOKHa, 1 Ge30MacHa.

Jlumepamypa / References:
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2. Komapoe C.B. TpaHcnopmupogaHue OAT no 8030yxy: 060cHo8aHue 6e3o-
nacHocmu / C.B. Komapos, b.A. KaHawos, O.I1. bapuHkos, A.-H. Jopocpees //
bezonacHocme okpyxatouwjeli cpedel. — 2010. — NOT. — C.42-45.
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perature on the external surface of TUK-19 in normal condi-
tions of operation would not exceed 40°C.

Calculation results have demonstrated that the release of
radioactivity from the TUK-19 in normal conditions of trans-
port over 1 hour (and over one week in accidental conditions)
would be within the regulatory limit.

SAFETY JUSTIFICATION OF TRANSPORT

Initiated by the nuclear safety department of the Leipunsky
Institute of Physics and Power Engineering, analysis of radia-
tion risks was performed. Accidents with probability in excess
of 107 as computed for one trip a year were considered to be
design-basis, and with probability below 107 but above 101
for one trip a year were considered beyond design (i.e. such
that may require measures to protect the public to be under-
taken).

A study was undertaken of the tree of events (incidents)
applicable to the conditions of spent fuel transport by air from
Bucharest to Yekaterinburg, which would not, essentially, rule
out radiation accidents, as well as the probabilities for such ac-
cidents to occur.

As follows from the results of that analysis, under normal
conditions of transport by air of SFAs inside the TUK-19, safe-
ty would be ensured of both the personnel involved with this
transport of spent fuel, and of the general public.

Analysis of accidents established that there are no credible
events (P>1+107) that would fall into the 'accident’ category
according to the INES scale. The most probable events would
be characterised as 'incidents' according to that scale, with
events with the most severe consequences (accidents) turning
out to have a low probability. Several studied events were both
low-probability and without any severe consequences (inci-
dent) [2].

Much attention during the transport of spent fuel from
Romania was paid to emergency response support. With active
involvement of the Saint Petersburg accident response cen-
tre, the emergency-response action card No. 7-02 was issued,
which provided instructions regarding the immediate response
actions by the aircraft crew, escort personnel and rescue teams
in case of an accident.

After the completion of all the necessary safety justifica-
tions, on the 13th February 2009, the certificate-permit ref. No.
RUS/3104/B(U)F-96T was issued, covering both the package
design and the transport process.

kK

The transport of spent VVR-S fuel from Romania to Russia
using the TUK-19 casks by air transport was, undoubtedly,
a highly ambitious project. However, the high goals that the
project team had set out to achieve had inevitable made them
focus on safety assurance above anything else. The project had
for three years remained in the spotlight of attention of the
Russian and Romanian competent authorities and regulatory
bodies, and was supervised by them very thoroughly begin-
ning-to-end. The results of safety justifications produced as
part of the preparations for this transport were the subject of
extensive discussions in the nuclear industry community both
within Russia and internationally.

The spent VVR-S fuel repatriation project from Romania
has demonstrated that air transport of spent fuel packages with
limited activity levels is both feasible and safe.

NUCLEAR & ENVIRONMENTAL SAFETY
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