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B TpaguuMoHHO OTpaGoTaBLUKe TervioBbigensowme coopku
(OTBC) B npepenax Pocaniickoit Mepepauyn nepeBo3wWINCG No
)enesHoil aopore B dleLabHbIX BaroHax. MexayHapoaHas
nporpamma Bo3Bpata OAT ncaienoBatenbckux peaktopos (MP),
MOCTPOEHHDIX M0 POCCMIACKM NpoeKTam, NocTaBWIa Nepex npea-
NpUATUAMN OTPaUIM HOBble 3ajauy, 3actaBuUB UCIONb30BaTh
npaKTyecky Bce BUAbI TPAHCOPTa, B TOM YMU1e BO3AYLLHbIIA.

BompmmacTBO  Ticc/eIoBaTeNbCKUX PEaKTOPOB HE MOTYT
TIPUHUMATH Ha CBOEH TEPPUTOPUHN TSKENBIE H KPYTTHOTabapuT-
HBle KoHTeltHepsl. Vcmosmb3oBane poccHiickoro KoHTelHepa
TYK-19 maccoii 10 5 T He TpebyeT 3HaYUTeTbHOI MOepHI3a-
1mn obopynosanust VIP; Gosiee TOro, pacyeThl TIOKa3aim, uTto B
HeM MOkHO TiepeBo3uth OAT NP Bcemu BumamMu TpancmopTa,
BKJTIOUAst BO3MYIIHBIH. [109TOMY OBLIO PEIIEHO UCOIB30BATh
TYK-19 B npoexrte 110 BoBosy OTBC 13 uncruryra IFIN-HH
(ropox Marypesne, Pymbrims).

JLJist pertieHust ocTaBIeHHON 3a1a4u ObLIO HEOOGXOMUMO:

— paspaborarb TPAHCIIOPTHBIN MaKeT, 0OecIeYnBalo-
it mepeBosky ymakoBok TYK-19 pasmmanbiMu BHIaMu
TPaHCIIOPTa;

— 060CHOBaTH HE30ITACHOCTD KOHCTPYKIIUH YITAKOBKH JJIsT
OCYIIECTBJIEHNST BO3/LYIITHOI IEPEBO3KY;

— 060CHOBATB HE30ITACHOCTD CAMOIT TEPEBO3KIL.

B mpoekte ObiM  3a7eHCTBOBAHLI  TPY30MOIYYATEND
(DIVYII «I1O «Masiks), iepeBozurik (OAO «ABHAKOMITAHST
«Bonra-/lsenps), W3rOTOBUTENL TPY30BBIX KOHTEHHEPOB
(OAO  «AbakaHBaroHMaii»), U3rOTOBUTEIb OOOPYAOBAHYIST
i packperuiennst TYK-19 (OO0 «Osepckuit 3aBoj1 HecTaH-
JIapTHOTO 000OPYI0BaHMUsT» ), TJIABHOE yIIpaBJieHie Poccuiickoro
Mopckoro peructpa cygaoxozctsa (PMPC), akcneprablie op-
ranmzaipn (DPIYID «POAIL-BHUNOO®», OI'YII «ATI]L
CII6») n paspabotunk Texuosorun 1 obopynosarust (OO0
HIID «Cocubi»). PaGoTbl NPOBOAMINCEH IIOZ KOHTPOJEM 1
obmmM pykoBozicTBOM JlerapraMenTa siiepHOIT 1 Pajlial[OH-
HOI 6€301T1aCHOCTH, OPTaHU3AIUH JIMIIEH3UOHHOI U Pa3pell-
tenpHON lesitennbiocT K «Pocaroms». 3akazunmkoM BBICTY-
nasta HarmonanrbHast KOMUCCHS 110 SI7IEPHOMY PETyJIPOBAHIIO
Pymbinnm (CNCAN).

PA3PABOTKA TPAHCIIOPTHOIO MAKETA
Jluist obecriedenyst MyJIBTUMOJIAJIHOCTH TIEPEBO3KU  ObLT
pa3paboTaH TPAHCIIOPTHBIA IAKeT HA OCHOBE CIIENA3H-

BE30MACHOCTb OKPYXAIOLLEV CPE[bI

94

B.A. KANASHOV,

O.P. BARINKOV,

AN. DOROFEEYV,

S.V. KOMAROV

(R&D Company "Sosny")

m  Spent fuel assamblies (SFAs) has been traditionally
shipped across Russia only by rail before. The International
Program on Russian-Origin Research Reactor Fuel Return
(RRRFR) has assigned new tasks to nuclear power enter-
prises making them involve almost all types of convey-
ances including air transport.

Most of the research reactors cannot receive heavy
large-size containers on their sites. The use of Russian-
made TUK-19 casks weighing up to 5 tons does not require
significant upgrades to the research reactor (RR) equipment;
moreover, analyses have shown that it is good for RR SNF ship-
ments by all conveyances including air transport. So, a choice
was made in favor of the TUK-19 casks for SFA transportation
from the IFIN-HH Institute (Magurele, Romania).

The task implementation involved the following activities:

— develop an overpack for transportation of the TUK-
19 packages by various conveyances;

— perform a safety analysis of the package design for air
transportation;

— perform a safety analysis of the package shipment.

The project involved the consignor (FSUE “PA
“Mayak”), the air carrier (Volga-Dnepr Airlines), the fab-
ricator of the freight containers (Abakanvagonmash, JSC),
the fabricator of TUK-19 tie-downs (Ozersk Non-Standard
Equipment Plant, OJSC), the Russian Maritime Register of
Shipping (RMRS), expert organizations (FSUE “RFNC —
VNIIEF”, FSUE “ETC SPb”) and the developer of the
technology and equipment (R&D Company “Sosny”). All
the activities were performed under the auspices and con-
trol of nuclear and radiation safety and licensing department
of Rosatom State Nuclear Energy Corporation. The cus-
tomer was the National Commission for Nuclear Activities
Control of Romania (CNCAN)).

DEVELOPMENT OF OVERPACK

To ensure multi-modality of the shipment, an overpack
was developed on the basis of a specialized freight large-ca-
pacity 20-foot ISO-container (the specialized ISO-container)
that accommodates three TUK-19 casks. The specialized
ISO-container meets ISO standards in terms of handling op-
erations during transportation. As for strength characteristics,
the specialized ISO-container satisfies industrial norms for
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TRANSPORTATION

POBAHHOTO  IPY30BOTO
HOTOHHAKHOTO 20-cyToBoro
ISO-xontefinepa (CI'KK), B [
KOTOPOM Pa3MeIAINCh TPH yTia-
koBkH TYK-19. C Touxn 3penns §
obparmeHnsi B TIpoIecce Trepe-
Bo3kn CIKK coorBercTBOBaI
tpeboBanmsiMm  ISO-cTanmapTos.
ITo mpounoctn CI'KK ynoset-
BOPsUL  OTPAcJieBbIM  HOpMaM
[IEPEBO3KU OMACHBIX TPY30B Pa3-
JIMYHBIMU  BUJIAMH  TPAHCIIOPTA:
BOBJIYIIHBIM, ABTOMOOUJIbHBIM,
SKEJIE3HOIOPOKHBIM U MOPCKHM.
YnakoBkun TYK-19 3axperuis-
ek B CI'KK ¢ momorrsio cucre-
MBI TAJTPETIOB, CIIOCOOHBIX BBIZIEP-
JKaTh YCKOPEHWsI W BHOPAINH, XapaKTepPHBIe [UIST BCEX BHIOB
TpaHCIOPTA.

Kowmmnekr packperienust st kasknoro TYK-19 cocronr
M3 OCHOBAHMSI U YETBIPEX TaJIPEIOB, KOTOPble HUKHIM KOH-
1[OM COEIMHSTIOTCST ¢ KPOHIITEIHAMM, TPUBAPEHHBIMU K IOy
CI'KK, a BepXHUM KOHIIOM — C XOMYTOM, OXBaTBIBAIOIIAM
TYK-19.

CI'KK mportien axcrieptudy B Poccuiickom MOPCKOM peru-
CTpe CYZIOXO/ICTBA Ha COOTBETCTBIE cTanzapTam. [Tocsie ycrertr-
HBIX WCIBITAHUN Ha HCIHBITATELHBIX CTEHAX, OCBUIETEJIb-
CTBOBAHHBIX PErUCTPOM, TIOJMydYeH CepTrhUKAT-Pa3pelieHie
Ne08.11146.130 o norycke K TIepeBO3KE rPY30B.

KpyII-

050CHOBAHUE BE30OMACHOCTU KOHCTPYKLIUW YNIAKOBKH

Poccwuiickue (HIT-053-04) u mexayrapomibie (TS-R-1)
[IPABIJIA JIOITYCKAIOT BO3/YIIHYIO MEPEBO3KY PAJUOAKTUBHBIX
JIETISITIXCST MATEPUAJIOB B TPAHCIIOPTHBIX YITAKOBOUHBIX KOM-
IUTEKTaX TUMA B ¢ orpaHmdyeHreM 10 akTUBHOCTH. B cBsi3u ¢
TEM, 4TO aKTUBHOCTD YETHIPEX CAMBIX «TOPSTYMX» PYMbBIHCKIX
OTBC ne npesbiana suauenns 3000 A, (3000+10" Bx), ycra-
HOBJIEHHOTO TIPABUJIAMHU, OBLIO TIPUHSITO PENEHIEe CEPTHHHUITH-
posatb ymakoBky 1o Ty B (U).

Hambosee coxRHON 3amaveil OKa3amoch OKA3aTelTbCTBO
COXpaHeHUsT TOJKPUTUYHOCTH €JIMHUYHONW YIAKOBKU I1PU
YCHJIEHHOH CepUH MCTILITAHUI: Ha MPOKOJ (Pa3pbiB), YCHIIEH-
HOEe TeTJIoBOe BO3ZICHCTBIE U CTOJKHOBeHME. B cooTBeTcTBIM
¢ TPeOOBAHUSAMI TIPABII, YIAKOBKY C JICJISIIIMMUCS MaTepua-
JIaMH, TIpe/iHa3HadeHHbIe K TePeBO3Ke BO3/YIIHBIM TPAHCIIOP-
TOM, JIOJDKHBI O0ECIICUMBATD SIIEPHYIO OE30IaCHOCTDb I10CJIE
JIBYX CEPHIi JOMOJTHUTEIBHBIX YCUJICHHBIX UCIIBITAHUIA, UMU-
TUPYIOIIUX aBUAIMOHHBIE aBApUK. B CBSI3U € 9THUM IKCIIEPTHI
BHUMO® mnpoBen pacyeTHble MCCJACAOBAHMS IIPOLIECCA
JIMHAMUYECKOTO 71ehOPMUPOBAHUS U OICHKY [TPOYHOCTH yTa-
koBkr TYK-19 mpu BozzeiicTBUM MeXaHMYECKMX Harpysok,
MOJICJTUPYIONIUX HOPMAJIbHBIE, & TaKKe HEIITATHBIC YCIIOBUS
TIePEBO3KY BKJIIOUAST aBUATINOHHYTO aBapHUIO.

PesysraTsl oKasasm, 4To mocse BO3ACHCTBIS Ha OT/Ie/b-
HyTO YTIaKOBKY MEXaHWYECKIX aBAPUIHBIX HArpy30K (TIaIeHIIsT
C BBICOTBI 9 M M HA IITBIPb C BBICOTBI 3 M, MAJIEHUST HA YITAKOBKY
tesia Maccoit 500 Kr ¢ BBICOTBI 9 M) MCXO/IHAST TEPMETHYHOCTD U
npourocts TYK coxpamstiorest. OGeceqnBaioTesT 3BJIeIeHIe
n3 TYK uexsia ¢ OTBC u nocsiesyroniast BeieMka cGOpOK 13 Yex-
Jsia. TIpu cTOKHOBEHNH YTTAKOBKH C SKECTKOH TIPETrPa/Ioit Ha CKO-
pocti 90 M/c 1O MHOTMU YIJIAMU TIPOUCXOUT pa3pyliceHre

N2 12010

Puc. 1. TYK-19 B rpy3oBom ISO-KoHTelnHepe
Fig.1. TUK-19 in ISO-container

transportation of hazardous
cargoes by various convey-
ances, i.e. by air, road, rail and
sea. The TUK-19 packages
were fastened with turnbuck-
les capable of withstanding
acceleration and vibrations
typical of all types of convey-
| ances.

A set of tie-downs for
each TUK-19 cask consists
of a supporting ring and
four turnbuckles. With their
lower ends the turnbuckles
are connected to the brack-
ets welded to the floor of the
container, and with their
upper end —to the clamp embracing the TUK-19 cask.

The specialized ISO-container was subject to expertise
for compliance with standards at RMRS. After successful
tests at test facilities certified by RMRS, the specialized
ISO-container was allowed to ship cargoes with Certificate
of Approval 08.11146.130.

JUSTIFICATION OF PACKAGE DESIGN SAFETY

Russian (NP-053-04) and international (TS-R-1) reg-
ulations allow for air transportation of radioactive fissile
materials in Type B packagings with activity restrictions.
Due to the fact that the activity of the “hottest” Romanian
SFAs did not exceed 3000 A, (3000+10' Bq) specified in
the regulations, it was decided to certify the package as
Type B(U).

The most difficult task was to prove that an individual
package remains subcritical under enhanced tests: a punc-
ture (rupture), an enhanced thermal impact and a drop.
The regulatory requirements state that the packages of fis-
sile materials to be transported by air should ensure nuclear
safety after two series of additional enhanced tests simulat-
ing an air crash. So, VNIIEF experts made calculations of
the dynamic deformation and performed a safety analysis of
the TUK-19 package under mechanical impacts simulating
normal operating conditions and non-standard transport
conditions including an air crash.

The results demonstrate that the package retains its
initial strength and containment after an impact on an in-
dividual package under accident conditions (a drop from a
height of 9 m, falling onto a bar from a height of 3 m, a drop
of a 500 kg mass from a height of 9 m). After the tests the
cask still allows removal of the SFA-containing basket and
the SFAs from the basket. An impact onto a rigid target at
a velocity of 90 m/s under different angles destructs the lid
bolts. But the cask body (the radiation shield) retains its in-
tegrity, the basket and the SFAs get deformed and the SFAs
and the fuel rods get destructed. In most cases the basket
and the SFAs do not spill out of the cask. When deformed,
the lid can get stuck in the TUK-19 bodly.

In compliance with the certification procedure cur-
rently used in the Russian Federation, experts of Nuclear
Safety Department of SSC — IPPE performed an in-
dependent assessment of the package nuclear safety. In
the worst case of an impact onto a rigid target K is

ENVIRONMENTAL SAFETY
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TPAHCNOPTUPOBAHME

GOITOBOTO COEIMHEHHST KPBITIIKE 1 Kopityca. [Tpu aToM 1iesioct-
noctb TYK-19 (pasmaninoHHo i 3aIUTh) COXPAHSETCS, 9eX0JT
1 OTBC nedopmupyiores, mpoucxomut paspyiienre OTBC u
TBaJI0B. BoiOpoca yexiia ¢ OTBC us TYK-19 B GosbinmHCTBE
ciryJaeB He TiponcxoamT. B miportecce nepopmmpoBanms TY K-
19 BO3MOKHO 3aKJIHIBAHIIE €70 KPBIIIKK B KOPITYCE.

B coorBerctBUm ¢ geiictBytomeii B Poc-
CUHCKOIT Deneparin TIPOTIELy POt odopmieHus
ceprudukaroB-paspeienuii  crerpanucte  «[HI[ PO-

DOI3N» BHIUIOAHWIN HE3aBUCHMYIO OLEHKY —obecrede-
HUST SIIEPHON  GE30TIaCHOCTH  YIIAKOBKU. B Hauxysiem
cjlydae CTOJIKHOBEHMSI YIAKOBKM C JKECTKOW ITPerpajioi
K, (N)=0,872J_rO,001, YTO He TIPEBBINIAET 3HAYEHUsI, YCTAHOB-
siernoro pasusiamu (0,95). [Tokazaro, 4To TpaHcnopTUpoBa-
are TYK-19 ¢ OTBC trma C-36 aBTOMOGHIIBHBIM 1 aBUAIIH-
OHHBIM TPAHCTIOPTOM Y/IOBTIETBOPSIET TPEGOBAHUSIM SIIIEPHOI
6e30MMaCHOCTH, N3TO;KEHHBIM B TIPABUIAX.

[TockosibKy MaKCUMATTbHOE CyMMAPHOE OCTATOYHOE TEILIO-
BbIziesieHre B ymakoBke ¢ 4eTeippMsa OTBC cocrassio me
6ostee 9 Br, Temrieparypa Ha BrerHeit opepxtoctu TYK-19
B HOPMaJIbHBIX YCJIOBUSAX SKCILTyaTarmu e mpesbiana 40°C.

PesysibraTbl pac4eTHbIX U M3MEPEHHbIX YPOBHEW M3JIy-
yenust ot TYK-19, sarpyskernoro yetbippmsi OTBC ¢ makcu-
MaJIbHBIMU PAIUAIMOHHBIMY XaPAKTEPUCTUKAMI, CBU/IETEb-
CTBYIOT, YTO B HOPMAJIbHBIX YCJIOBUSIX TT€PEBO3KH MOIIHOCTb
JI03bI M3JydeHnst Ha moBepxHocty yrnakoBku (0,158 m3B/4)
3HAYNTEJIBHO MEHBITIE YCTAHOBJICHHOM TpaBuiaMut (2 M3B/4).
[TockombKy TPy aBapum 1EJIOCTHOCTD PAIAIIMOHHOM 3aITThI
He HapyTIaeTcsl, MOIITHOCTD /I03bI U3JTyYCHUS HA PACCTOSHUM
1 M OT IOBEPXHOCTH YIAKOBKU He Oyzer npesbinath 0,038
M3B/d, UTO 3HAYNTETHHO MEHbIIEe 3HAUYCHHS, YCTAHOBJIEHHOTO
mpasmiamu (10 M3B/4).

[TpaBnia orpaHMUINBAIOT TIPEJIesIbI AKTUBHOCTH TIPU yTeuKe
PA/IMOAKTUBHOTO COJEP;KUMOTO M3 yIakoBoK. [lyisi HopMasib-
HBIX YCJIOBUII TIEPEBO3KU MAKCUMAJIBHO JIOIYCTUMOE 3HAUEHHe
cocraensier 10 A, /4, npu aBapusax — 10xA, B neaermo g Kr
u A, 11 BCex IPYTuX paauoHykmuaoB. CorslacHo pacyeTam,
TOTEPH PAMOAKTUBHOTO cotepsknmoro u3 TYK-19 B o6braHbIX
YCJIOBUSIX TIepeBO3KM 3a 1 4 MoryT coctaButh 9,7x10° Bk, uto
cootBetcTByeT mpumMepno 0,06% ot Bemmraumnr A, (1x10' Bx),
npu aBapuu — He 6ostee 0,005%.

050CHOBAHUE BE30MACHOCTYW MEPEBO3KK

[Ipu orerke pagMAIIMOHHBIX PUCKOB TIPEAIIOIATATIOCH,
yto TYK-19 npu nnepeBoske OAT siBrsieTcst onacHbIM TPOU3-
BOJCTBEHHBIM OOBEKTOM, COOTBETCTBEHHO, MCIIOJIb30BAJIACH
HopMmaruBHas gokymenraiust st AJC. Tloatomy aBapuu ¢
BepoSITHOCTBIO Bhitie 107 B pacyere Ha ofiuH pefic B roj pac-
CMATPUBAJIMCH KaK TIPOEKTHbIE, ¢ BEPOSITHOCTHIO Himke 107,
Ho Boie 1010 — kak 3arpoeKTHbIE, IPU HUX MOYKET BO3HHK-
HYTb HEOOXOIANMOCTD TIPHHSATHST Mep IS 3aIATHI HACETEHTISI.
Kpurepnii Bmermatescta — 0,1 3B; 9Ta ske BemuHa BbIOpaHa
B KaueCTBE MAaKCHIMATBHOTO 3HAYECHTIA /103 /IS TIePCOHANA, yJa-
CTBYIOIIETO B TICPEBO3KE, TIPH TPOCKTHBIX aBAPHSIX.

Ha pucyrke 2 npuseneno aepeso coObIThii (4pe3BbdaiHbIX
curyaruit) ipu aBuariepeBoske OAT 1o mapripyty Byxapecr-
ExarepuHOypr; Ipr KOTOPBIX HE UCKJIIOYAIOTCST PajalliOHHbIE
aBapUH, & TAK)KE BEPOSITHOCTb BO3HUKHOBEHUSI TAKIX CUTYAITHIL.

[Ipy HOPMaJIBHBIX YCJIOBUSIX TIEPEBO3KH BO3/IYIIHBIM
tparcioprom OTBC B TYK-19 obecneunBaercs 6Gesomac-
HOCTh M COIPOBOKZAIOIIETO TPY3 IMEPCOHAA, U HACETEHUS.

BE30MACHOCTb OKPYXAIOLLEV CPE[bI
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Puc. 2. lepeBo BO3MOXKHbIX COObITUIA NPY aBUanepeBo3Ke
ynakoBoK TYK-19 ¢ OTBC peakTopa BBP-C

Fig. 2. A tree of possible events during the air shipment

of VVR-S reactor SFAs in TUK-19 casks

0.872+0.001 that does not exceed the regulated value of
0.95. Transportation of the TUK-19 casks containing S-36
SFAs by road and air was shown to satisfy nuclear safety
regulatory requirements.

Since the maximum total residual heat release in the
package containing four SFAs was less than 9 W, the tem-
perature on the TUK-19 external surface under normal
conditions did not exceed 40°C.

Calculated and measured radiation levels of the TUK-19
cask loaded with four SFAs with the maximum radiation
characteristics demonstrate that under normal transport con-
ditions the dose rate on the package surface (0.158 mSv/h) is
much less than the allowable value (2 mSv/h). Since under
accident conditions the radiation shield remains intact, the
dose rate at a distance of 1 m from the package surface will
not exceed 0.38 mSv/h that is much less than the allowable
value (10 mSv/h).

The regulations set activity limits in case of a radioactive
release from the package. Under normal transport conditions
the maximum allowable value make up 10¢ A, /h, under acci-
dent conditions — 10xA, per week for *Krand A, for all other
radionuclides. According to the calculations, the loss of the
radioactive contents from the TUK-19 cask for 1 hour under
normal transport conditions can make up 5.7x10° Bq that is
equal to ~ 0.06% of the A, value (1x10" Bq), and during an
accident — not more than 0.005%.

TRANSPORT SAFETY JUSTIFICATION

In radiation risk assessments during an SNF shipment,
the TUK-19 cask was taken as a hazardous production ob-
ject; so, NPP norms and regulations were applied. The ac-
cidents with a probability higher than 107 in anticipation of
one shipment per year were considered to be design-basis,
and those with a probability less than 107, but higher than
101 — beyond-design-basis (they can require public pro-
tective measures). The criterion for taking protective meas-
ures is 0.1 Sv; the same value is chosen as the maximum
dose value for the personnel involved in the shipment and
design-basis accidents.
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Puc. 3. lnarpamma «BepoATHOCTb COObITUA — TAXECTb MocneAcTBMiA No wkane INES» Ana upesBbluyaiiHbIx cUTyaumin Npu aBranepeBoske TYK-19 ¢

OTBC peaktopa BBP-C

Fig. 3. Probability of events — severity of consequences diagram for risk assessments during the air shipment of TUK-19 packages with VVR-S reactor SFAs

CobutojieHre KpUTepreB TIPHEMIIEMOTO PUCKA JIJTsT IEPCOHAA
obecrieunBaeTcst 3a cuer ocobeHHocTer yrmakoBok OAT u mo-
3UMETPITIECKOTO KOHTPOJIS, & [IJIST HACEJIEHNST — 3a CUeT COOJTIO-
JIeHUST TPeOGOBAHTIET TIPABILL.

[Tpu ananm3e Ype3BBIYAIHBIX CUTYAIMI YCTAHOBJIEHO, 4TO
He CyIIeCTBYeT BeposTHBIX cobbrrmii (P>1x107), kortopbie
MoryT ObITh pactenenbl 1o mkane INES kax aBapun (puc. 3).
Bepostabie cobbrtus (1, 3, 8) paciieHMBaIOTCS KaK MHIMIEHTHI,
a coObITHsI ¢ HAUbOJIEE TSIKEIBIMU TIOCIEACTBIAMU (4-7) MaJIo-
BeposiTHbL. CoObITHE 2 1 MAIOBEPOSITHO, 1 HE IMEET CEPhE3HBIX
TIOCJIE/ICTBUIA.

[pu paspaboTke TpoeKTa GOJIBITOE BHUMAHUE YIESIOCH
aBapuitHoit momuepskke. IIpu aktuBHOM comelictBun ATI]
CII6 6bina paspaborana aBapuiinas Kaprouka Ne7-02, orpeze-
JISIONIAS TIePBUYHBIC EHCTBUS AKUMAKA BO3IYIITHOTO CY/IHA,
COTIPOBOJK/IAIONIETO TIePCOHANIA W aBAPHMITHO-CIIACATETbHBIX
CIIyKO B CITydae aBapHmL.

IToce 3aBepinernst Beex paboT M0 060CHOBaHIIO He30Tac-
HOCTH Ha KOHCTPYKITHIO YITAKOBKU 1 TIEPEBO3KY GBI MOTyUeH
ceprudmrar-pazpetnenne NeRUS /3104/B(U)F-96T.

*XK

Beuepom 29 uronst 2009 roia aBTOKOJIOHHA € TPAHCIIOPTHDI-
MU IakeTaMu 1okuHyJa Teppuropuio uaerutyta IFIN-HH n
TI0/l OXPAHOI HATIPaBUJIACh B CTOPOHY asporiopTa Byxapecra,
e KoHTelHepbl ObLin 3arpyskeHsl B camoser AH-124-100.
MapmipyT mosieta TIPOXOIUIT B 0OXO/ KPYITHBIX HACETEHHDBIX
MIYHKTOB ¥ OTIACHBIX TIPOM3BOJICTBEHHDIX 0OHEKTOB, BO M30eKa-
HUe Tiepecedernst BO3/YIIHOIO MPOCTPAHCTBA TPETHUX CTPAH
— Hax YepuoiM MopeMm. Ilocsie mpomeskyTouHOH mocajgku B
VABSIHOBCKE CaMOJIeT GIarOTIO Ty IHO TPH3EMITIIICS B a3POTIOp-
Ty «KoJIb110BO», OTKYy/Ia IPY3 aBTOMOOWJILHBIM TPAHCIIOPTOM
6bu1 ocrasien Ha [10 «Masiks.

IIpoexT BeiBo3a OAT peakropa BBP-C us Pymbranu noxa-
371, 4To nepeBoska yrnakoBok OAT ¢ orpanmdennoit akTMBHO-
CTBIO C UCTIOJTb30BAHKEM BO3/LYIIIHOTO TPAHCIIOPTA 1 BOBMOKHA,
1 GesornacHa.

N2 12010

Fig. 2 presents a tree of events (emergencies) during
the SNF shipment from Bucharest to Ekaterinburg that in-
clude accidents and a probability of emergencies.

Under normal air transport conditions, the SFA-
containing cask ensures safety of both the escort personnel,
and the population. The acceptable risk criterion for the es-
cort personnel is satisfied due to the SNF package peculiari-
ties and radiation monitoring, and for the population — due
to observance of regulatory requirements.

The analysis of emergencies shows that there are no
probable events (P>1x107) that can be assessed as acci-
dents on the INES scale (Fig. 3). Probable events (1, 3, 8)
are considered to be incidents, and events with harder con-
sequences (4-7) are low probable. Event 2 is unlikely and do
not have serious consequences.

In design, particular attention was paid to emergen-
cy response actions. With ETC SPb actively involved,
Emergency Card 7-02 was developed to specify primary
actions of the aircraft crew, the escort personnel and emer-
gency response services in case of an accident.

Certificate of Approval for Package Design and
Shipment RUS/3104/B(U)F-96T was issued after all safe-
ty justification activities.

*X¥

In the evening on 29 June 2009, a guarded vehicle con-
voy with overpacks left the IFIN-HH site and headed to
the airport of Bucharest, where the containers were loaded
into an AN-124-100 aircraft. The flight track passed by large
populated localities and hazardous production facilities, and
it lied over the Black Sea to avoid crossing of the airspace of
third countries. After an refueling stop in Ulyanovsk, the air-
craft successfully landed at the Koltsovo airport, from where
the consignment was delivered to PA “Mayak”.

The Romanian VVR-S reactor SNF removal project
demonstrated that air transportation of SNF packages with
limited activity is feasible and safe.
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