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BbIBO3 OAT 113 KA3AXCTAHA: NIEPBbIV 3TAN

SPENT FUEL REPATRIATION FROM KAZAKHSTAN: STAGE ONE

1. BOJIBIINHCKUN

(Hayuonawvnas rabopamopus wmama Aiidaxo, CIIIA),
1. TOMAC

(Washington Savannah River Company),

II. YAKPOB,

[l. HAKUIIOB

(HAncmumym sidepnoti usuxu, Kasaxcmann),

C.H. KOMAPOB,

P.P. KYIOSIPOB

(000 HIID «Cocnot»)

m ( pekabpa 2008 roga no maii 2009 roga B M0 «<Mask»
npu6bbuio yeTbipe 3wenoHa ¢ OAT u3 KasaxcraHa. Peanu-
3auuAa npoekTa notpe6oBana 3HauUTENbHbIX OpraHuU3a-
LIMOHHBIX U UHXEHEPHDbIX yCUnuii.

Uccnenosarensckuit peakrop BBP-K gaBisiercs ce-
PUHHBIM COBETCKUM WCCJIEZIOBATEIBCKIM  PEAKTOPOM
6acceitHoBoro tuma. OH HaxomuTcss B VHCTUTYTE siep-
Hoii pusukn (MAD) HannoHaibHOrO siIEPHOTO IIEHTpa
Pecmy6ankn Kazaxcran 6,113 ropojia Aatay HeIameko oT
Anmarsr.

Peakrop (10 MBT) 6bL1 BbIBeIeH Ha MOIHOCTH B 1967
rofy u akcruryaTuposasics 10 1988 rona, 10 3aKphITHS 171
YCOBEPIIEHCTBOBAHUST CUCTEMBI OE30TTACHOCTH TIOCTE TIPO-
BezieHns ceficMndeckoro anammsa. B 1998 romy Komurer
no saepuoit aneprun Kazaxcrana (KAIK) paspemun ero
BBIBOJ] Ha MOIIHOCTD 710 6 M BT ¢ ncnonp3oBanmeM temno-
BoizessAmx c6opok ¢ U-Al-roriusom ¢ oboramenuem 36%
110 *¥U, cOCTOSAIINX U3 MATH WK TPEX MECTUTPAHHBIX TPYO
(puc. 1).

B HacTosiiee BpeMst peaktop paboTaeT Ha MOJTHO MOTII-
HOCTH, HEOOXOANMOM /TSI €KEeMECSTIHOTO TPON3BO/ICTBA
PaZMOU30TOTIOB 1 00JIyUeHUsT 00PasIoOB s HEHTPOHHO-
AKTUBAIIMOHHOTO aHATN3a W WCCIE0BAHUS MaTepHasoB,
npoBoauMbix B MAMD. OrpaboraBiiiee TOMINBO XPaHUT-
cs1 B IBYX Oacceitnax. Buosb Boirpyskentsie OTBC pasme-
maoTces B 6acceiiie, paciiooKeHHOM PSIOM ¢ PEAKTOPOM,
Gouiee crapbie cOOPKU — B pe3epByape B KOHIE PEaKTOPHO-
TO 3aJa.

B pamkax nporpammbl RRRFR uz UAD B Poccuio
IpeIoaaraeTcst BbiBe3Tn Bee Bbicokooboramentoe OST.
BbIBO3 M0JKEH MPOUCXOMUTD B /IBA 9TAIA: HA TIEPBOM BbI-
BO3sTCsA cOOpKH, 00ayueHHbIe 10 2006 roaa, Ha BTOPOM, 110~
caie iepeBoa peakropa BBP-K Ha HuskooboraieHHoe ypa-
HOBOE TOTIJIBO — BCe OcTaBInecs. TakuMm o6pasom, K repe-
Boske B 2008-2009 rozmax (B paMKax MepBOTO dTara) Mpeji-
HasHayaioch 278 romausHbIX cObopoxk BBP-1I (259 nsru-
TpyOHBIX 1 19 TpexTpyOHBIX), coaepsKaiiux 73,7 Kr BbICO-
KOOGOTAIEHHOTO ypaHa.

MPOEKTHAA KOMAHLIA

Boinosinenue nepsoro aramna mnpoekra 1o BbiBogy OAT
n3 Ajatay CcTajio BO3MOMKHBIM JIUIIb OJarogapsi TECHO-
My B3anmmojeiictBuio opranmzanuii CIHIA, Poccunm wu
Kaszaxcrana, BOBJIeYeHHBIX B TIPOEKT.
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(Washington Savannah River Company),

P. CHAKROV,

D. NAKIPOV

(Institute of Nuclear Physics, Kazakhstan),
S.N. KOMAROVY,

R.R. KUDOYAROV

(R&D Company Sosny)

m Between December 2008 and May 2009, Mayak received
four trainloads of spent nuclear fuel from Kazakhstan. The
implementation of this project demanded major organisa-
tional and engineering efforts.

The VVR-K research reactor is a serial Soviet-design
pool-type research reactor. It is located at the Institute
of Nuclear Physics within the National Nuclear Centre of
the Republic of Kazakhstan, on the outskirts of the city of
Alatau, near Almaty.

The reactor (10 MW power) was first made critical in
1967 and remained in operation until 1988, when it was
shut down for safety upgrades resulting from seismic analy-
sis. In 1998, the Atomic Energy Committee of the Republic
of Kazakhstan (KAEC) authorised its re-commissioned to
the power level of 6 MW, using U-Al fuel assemblies en-
riched to 36% of U, consisting of five or six hexagonal
tubes (see fig. 1).

Currently the reactor is in operation at full power, as
required to ensure the monthly output of radioisotopes and
irradiation of samples for neutron activation analysis and
research of materials that are on-going at the Institute of
Nuclear Physics. Spent fuel is stored in two pools. Recently
discharged SFAs are stored in the pool adjacent to the reac-
tor, with the older assemblies being stored in a vessel at the
far end of the reactor hall.

As part of the RRRFR programme, all highly enriched
spent fuel from the Institute of Nuclear Physics is to be re-
patriated to Russia. The repatriation is to be performed in
two stages: during stage one, the fuel assemblies irradiated
until 2006 would be removed; with the balance of assem-
blies removed during the second stage, implemented after
conversion of the VVR-K reactor for operation on low-en-
riched uranium fuel. Therefore, the fuel removal campaign
of 2008-2009 (corresponding to the first stage) covered the
repatriation of 278 VVR-S assemblies (including 259 five-
tube and 19 three-tube assemblies), containing 73.7 kg of
highly-enriched uranium.

PROJECT TEAM

Implementation of the first stage of spent fuel repatria-
tion from Alatau only became possible thanks to the close
cooperation between a number of organisations from the
United States, Russia and Kazakhstan, which have been in-
volved with this project.
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HarroHambHast aIMIMHUCTPAIHS 0 siIEPHOI Ge3omac-
noctr (NNSA) Munucrepcrsa anepretuku CIIIA ¢punan-
CHpOBaTa TPOEKT M OCYIIECTBJANA €T0 KOOPAMHAIINIO B
pamkax nnporpammbel RRREFR.

TocynapctBennast koproparust «Pocatoms» obecredn-
Jia BBITTYCK POCCUNCKIIX TIPABUTEIBCTBEHHBIX COTJIAIICHMNT,
TpeboBaHMI K KOHTEHHepaM U TPaHCIIOPTUPOBAHMIO, CEp-
TUPUKATOB U JUIEeH3WH. PocTexHan3op BbIad pasperie-
HUS 110 Pe3yABTaTaM ToCy/IapCTBEHHON 9KOJIOTNYeCKOI 9KC-
MEPTU3BI CHEIUAIBHBIX 9KOJOTUYECKUX IIPOrpaMM 1 MaTe-
puanoB «Enunoro mpoekray. OIAPD — enuncrBennas op-
raHu3alys, IMeIoIiasi IPaBo HA BBO3 SIIEPHOTO TOILJINBA B
Poccuto — ocytecTBisiir paspaboTky «ExnHoro mpoekras u
BHEITHETOPTOBOTO KOHTPAKTA.

Poccuiickass ~ HayyHO-TIPOM3BOJACTBEHHass  dupma
«Cocupr» coBmectHO ¢ I1O «Masik» mpoBesia MHCIIEKITHIO
tommBa. B kadectse cybmnoapsaunka DIAPE ocyme-
CTBUJIAa aHAN3 OE30TTACHOCTH TTEPEBO30K M CEPTU(DUKAIINIO
TYK-19, moarorosuia BCio HeOOXOAUMYIO IS TEPEBO3KU
JOoKyMeHTaImo. Pazpabotana METOIOTIOTHIO pacyera KO-
YecTBa BBICOKOAKTHBHBIX OTXO/IOB, BO3BPAIAEMBIX TTOCJIE
nepepaborku OJT.

DIYIT «IIO «Masgk» npoBepusio JlaHHBIE HHCIIEK-
MU S/IEPHOTO TOIUIMBA 1 OPTaHM30BAJIO TPAHCIOPTUPO-
Banne OSAT no reppuropun PD. OcyiecTBuiIo BpemMeH-
HOE TEXHOJIOTHYECKOe XPaHeHue 1 mepepaboTKy oO/yueH-
vbix OTBC, a Takke BpeMeHHOE TEXHOJOTHYECKoe XpaHe-
Hue nosydyeHHbIX PAO.

UAD B Anatay BbHICTYIAN TeHEPATbHBIM TTOPSUU-
koM NNSA u OISIPB, ocyiiecTBiisiyi yipaBieHue MpoeK-
TOM M HeC OTBETCTBEHHOCTH 3a Bce paboThl B Kazaxcrane.
Komuter mo smepnoii sneprum KazaxcraHa BBIZAT pas-
pellieHrie Ha MPOTpaMMy TPAHCIIOPTUPOBAHUS, MOATBEP-
JTUJT POCCUTCKNT cepTHU(dIKAT Ha TepeBO3KY KOHTEIHEPOB,
BBI/IATT 9KCTIOPTHYIO JINTIEH3NWIO U APYTHE TOKYMEHTHI, Ka-
catforriecs mepeBo3ok OAT mo Tepputopnn Kasaxcrana.
Kpowme Toro, on B3aumozetictsoBan ¢ MATATO 1o Bompo-
caM rapaHTuu 6e30MacHOCTH.

3AKOHOAATE/IbHAA BA3A

IOpunnyeckyto ocnoBy s tpancnoptupoanmst OAT
peakropa BBP-K u3 Kazaxcrana obecrieqmyin 4eTbipe MesK-
MTPABUTETBCTBEHHBIX COTJIAITEHWST:

— Mexay npasutesnbctBamu CHIA u Poceun o cotpya-
HUyecTBe 110 BBO3y B PD poccuiickoro sijiepHOro ToImBa
3apyOesKHBIX HMCCJAE0BATENBCKUX PEAKTOPOB, MOAICAH-
Hoe B Mae 2004 ropa, T/ie yKa3aHbl IpaBUja ONpe/eIeHIs
COOTBETCTBHUS YYaCTHHKA, (DMHAHCOBBIE 00s3aTEIbCTBA W
YCJIOBUSI OCYIIECTBJICHUS TIPOTPAMMBI;

— mexay Munucrepersom o6opousl CIITA u Munu-
crepcTBoM 000poHbl Pecybanku Kasaxcran o6 yuere,
KOHTPOJIEe M (DU3MIECKON 3aIuTe SACPHBIX MaTEPHATIOB
B IIeJIIX NPEAOTBPAIIEHUS PACTIPOCTPAHEHUS SIEPHOTO
opysxkus (1993 rox, ¢ momoHEHUSAME ), KOTOPOE pacipe-
JIEJTNII0 OTBETCTBEHHOCTD U 0OECTIEUMIIO OCBOOOKIEHIE
OT HAJIOTOB MPU BBITTOJTHEHWH TIpoeKTa BbiBo3a QT

— mexay CHIA un Pecnybmukoii Kasaxcran o6 yHu-
YTOKEHUU IHAXTHBIX MYCKOBBIX YCTAHOBOK € OalaucTh-
YeCKUMU PaKeTaMU, Mepax pPearnpoBaHUs U MPeNOTBPa-
MEeHUH PacpoCTpaHeHus siiepHoro opy:xkuu ot 13 mexa-
6pst 1993 roaa, ¢ AOTMOJIHEHUSIMU, KOTOPOE TaKkKe COJep-
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Puc. 1. TonnueHana cbopka BBP-L|
Fig. 1. A VVR-C fuel assembly

The National Nuclear Security Administration (NNSA)
under the United States Department of Energy provided
the funding for the project and ensured its overall co-ordi-
nation as part of the RRRFR programme.

The Russian National Nuclear Corporation Rosatom
provided the publication of the Russian side of inter-gov-
ernmental agreements, identified the requirements to trans-
port casks and transportation process, and secured the nec-
essary certificates and licences. Rostekhnadzor issued its
permits resulting from state environmental expert review
of the 'unified project' package and special environmental
programmes. The Federal Centre for Nuclear and Radiation
Safety — the only organisation authorised to perform im-
port of nuclear fuel into Russia — provided management of
the 'unified project’ and development of the foreign trade
contract.

The Russian Research and Development Company
Sosny in collaboration with FSUE Mayak carried out a in-
spection of the fuel assemblies. Under a subcontract with
the Federal Centre for Nuclear and Radiation Safety, it
also performed safety analysis of the transportation proc-
ess, certification of the TUK-19 cask, and prepared all the
paperwork necessary for transportation. It also developed
a methodology for cost estimation and calculation of the
amounts of high-level waste to be returned after reproc-
essing of spent fuel.

FSUE Mayak verified the nuclear fuel inspection data
and organised the transportation of spent fuel through the
Russian territory. It also provided temporary buffer stor-
age and reprocessing of the irradiated SFAs, as well as tem-
porary buffer storage of the resulting radwaste.

The Institute of Nuclear Physics in Alatau acted as
the prime contractor to the NNSA and the Federal Centre
for Nuclear and Radiation Safety, provided project man-
agement and was responsible for all activities performed
within Kazakhstan. The Atomic Energy Committee of the
Republic of Kazakhstan issued its permit for the transpor-
tation programme, confirmed validity of the Russian certifi-
cate for the transportation of casks, issued an export licence
and a number of other documents as required for movement
of spent fuel through the territory of Kazakhstan. Apart
from that, it also interfaced with the IAEA on issues related
to safeguards.

NUCLEAR & ENVIRONMENTAL SAFETY
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SKUAT P IOJIOKEHUI 0 pacmpejie-
JICHUW OTBETCTBEHHOCTH B paM-
Kax mpoekTa 1mo Beio3y OT;

— MEXIy TMPaBUTEJbCTBAMU
Kasaxcrana u Poccun B obmactu
MHUPHOTO WCIOJH30BAHUSA SI/IEP-
HOU sHepruu or 23 ceHTsAOpst
1993 roma, ompemenuBiiee MyTH
U PEKOMEHJAIMU TI0 BO3BpATY
OAT, tne Takke mpemycMOTpeH
BO3BpPAT BbICOKOAKTUBHBIX PAO B
Kazaxcran.

TPAHCNIOPTHBIE KOHTEAHEPBI

[lnsa TPAHCITOPTHPOBAHUSA
OAT peaxropa BBP-K wucmomns-
30BaJICS POCCUHCKUAH TPaHCIOPT-
el kourteiinep TYK-19 (puc.
2). Konreitnep, nMmeronnii Mmaccy
5 T, CIEMMAIBHO CIPOEKTHPOBAH
JIUIs1 TIePEeBO3KU TOIJIMBA HCCJIe-
JIOBATEJNbCKUX PEAKTOPOB U MO-
sKeT ObITh MPUHAT Ha GOJbBIINH-
CTBE WCCJIENOBATEJNbCKUX Peak-
TOPHBIX YCTAaHOBOK. Kopryc KoHTeliHepa U3roTOBJIECH U3
Hep:KaBeIlell cTanu, nuMeeT quaMerp ~ 86 ¢M U BBICOTY
217 cm. Kopauna (uexost 50) ucrob3yeTcest st 3arpya3-
KM W JUCTaHIIMOHUpOBaHust c6opok. KoHTeitHep MokeT
BmeniaTh yeTbipe OTBC tuma BBP-I1. /lsg TpancrnopTu-
posanust OSAT umeercs B 06muieit ciaoxknoctn 20 TYK-19,
16 u3 Hux npunaziexar [10 «Mastk», u yetbipe — OTYIL
«NPM>».

Poccuiicknit  ceptudurar RUS/3103/B(U)F-96 na
KOHCTpyKIio 1 1epeso3ky TYK-19 6bu1 Bhian 9 cenrs-
6pa 2008 roma TocyaapeTBeHHON Kopriopanuei mo aToM-
Hoii sneprunm «Pocaroms. Komuter 1m0 spepHoil sHep-
run Kaszaxcrana noarsepaun ero 5 uostops 2008 roga.
Cornacno ceprucdukary, konrteitnepnt TYK-19 nmunensupo-
BaHbI HA TIEPEBO3KY aBTOMOGUIIBHBIM U AKEJIE3HOTOPOKHBIM
tpancnoprom. [l Beioza OAT us Kazaxcrana npumens-
siuch Baroubl TK-5.

NOArOTOBKA NMNOLALKH

[loig mpoBe/ieHus oriepaluii 3arpy3Ku U TMOCIeYIONX
HepeBO30K ObLI0 HEOOXOAMMO IMPOBECTH PEMOHT U yCO-
BEPIIEHCTBOBAHNE UMEIIErocst 060pyoBaHus st 0Opa-
ntenus ¢ OAT B peakTOopHOM 3aJie, a TAKKe YCTAHOBUTH B
HEM JIOTIOJIHUTENIbHOE 0bopynoBanne. Ha HapysKHBIX T10-
magkax VMAD u sKere3HOAO0POKHOI CTaHIIMM, HAXOISIIEli-
cst ipubsauTensHo B 40 kv ot MIAD, Takske HyKHBI ObLIH
MOATOTOBUTEbHBIE PAGOTHI.

B peaktopHoM 3ajie GBITIO yAQJIEHO CTapoe BUHUIOBOE
HAIOJILHOE TIOKPBITHE, TIPOBEAEH PEMOHT OETOHHOTO T10J1a;
HaHECEHO HOBOE 3MOKCHUIHOE HATTOJIBHOE MMOKPBITHE, KOTO-
poe siBJisieTcst GoJiee IOJATOBEYHBIM U 00JIerdaeT 1e3aKTHBa-
1UIO.

[l oMot ortepaTtopy Kpata Ipu AUCTAHI[MOHHOM 3a-
rpyske yexsioB ¢ OTBC B koureiinepsr TYK-19 B peaktop-
HOM 3aJ1e OBLIN YCTAHOBJIEHBI YEThIPE HOBBIE BUIEOKAMEPHI,
OJlHA U3 HUX — HAa KPAaHOBOM MocTy. Vcrob3oBamue kamep
MOBBICUJIO KOHTPOJIb BBITIOJHEHUST U 9(PHOEKTUBHOCTH Olle-
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Puc. 2. KonTeliHep TYK-19 gna nepesosku OAT
Fig. 2. TUK-19 cask for spent fuel transport

LEGAL FRAMEWORK

The legal basis for transporta-
tion of this batch of research reac-
tor spent fuel from Kazakhstan to
Russia was provided by four inter-
governmental agreements:

— between the governments
of the United States and Russia,
regarding cooperation to repatri-
ate to the Russian Federation the
Russian-origin nuclear fuel from
research reactors abroad, signed in
May 2004, which established the
rules for participants qualification,
financial commitments and condi-
tions of programme implementa-
tion;

— between the United States
Ministry of Defence and the
Republic of Kazakhstan Ministry
of Defence, regarding accounting,
control and physical protection of
nuclear materials for the purposes
of non-proliferation of nuclear
weapons (1993, with amendments), which provided the
distribution of responsibility and secured the tax-free sta-
tus of the spent fuel repatriation project operations;

— between the United States and the Republic of
Kazakhstan, regarding the dismantling of the ballistic mis-
sile launching silos, response measures and nuclear weapons
non-proliferation, dated 13th December 1993, with amend-
ments, which also contains a number of provisions on the
distribution of responsibilities within the framework of the
spent fuel removal project;

— between the governments of Kazakhstan and Russia,
regarding cooperation in peaceful use of nuclear energy,
dated 23rd September 1993, which identified the routes
and made other recommendations for spent fuel repatria-
tion, and also made the provisions for the return of high-
level radwaste to Kazakhstan.

TRANSPORT CASKS
For transportation of spent fuel from the VVR-K reac-
tor, the Russian transport cask TUK-19 (fig. 2) was used.

Puc. 3. Onepatop KpaHa C HOBOI BUAEOCUCTEMON
Fig. 3. Crane operator with the new video surveillance system
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paruii ¥ CHU3MJIO PUCK HEMTPABUJILHOTO OGPAIeHUsT BO Bpe-
M OTIepaInii 3arPy3KH.

Ha carydaii oTkII0ueHNS 3IeKTPOTIUTAHUS BO BpPEMsI 3a-
TPY3KU OBLT YCTAaHOBJIEH PE3EPBHBIN TeHEPaTOP.

Bl CIpOEKTUPOBAH ¥ U3rOTOBJIEH CaMOOCBOOOKIA-
fonuiics (aBTOMATUYECKUI) 3aXBaT [IJid Oleparuii 3a-
TPY3KH.

boumn sakymrensr rpy3oBukn KAMAS3 1 n3roToBieHbI
CHeNMAJIbHBIC PAMBI JIJIs KOHTEHHEPOB, IpeAHasHadyeHHbIe
IS IEPEBO3KU KOHTEHHEPOB U3 PEaKTOPHOTO 3a7a Ha JKe-
JIE3HO/IOPOKHYIO CTAHITUIO.

B cBsi3u ¢ MJIOXMM COCTOSIHMEM JIOPOTH OT PEAKTOPHO-
o 3ajla K OCHOBHOM OOIIECTBEHHOII 0pore 3a Tpe/eaMu
NAD ee mokphITHE TaKKe OBLIO 3aMEHEHO.

Ha >xene3aHo10poskHOM cTaHIUK:

— MPOBE/ICH PEMOHT HECKOJIbKUX CEKI[UH KeJTe3HO/10-
PO’KHOTO TIOJIOTHA, 3aMEHEHO [[BA PebCa U aHKEPHBIE
OOJITHL;

— PaCYMIICHBI TOIBE3/IHbIE Ty TH;

— 71T HOYHBIX OTepaIuii yCTaHOBJIEHO HOBOE OCBEIIIe-
HIe, a TaKXKe JEeKTPOIINT /I TT0/IaYN HEPTHHN K BarOHAM
TK-5 u TK-BC (Baron st mepconasa);

— Jl0pora, Belyllas K CTaHIUU, BBIPOBHEHA, IiyboKue
BBIOOUHBI 3a/l€/IaHbL;

— Ha cjry4ali oTepU 2JIEKTPOIUTAHNSA 3aKyTIJIEH U yCTa-
HOBJICH Pe3ePBHBIN (IIEPEHOCHOM ) TeHepaTop.

OPTAHU3ALNA NEPEBO30K

[lnst BeiBo3a 278 OTBC B Poccuto morpebosaiocs 70
KOHTEIHEPOB, II0ITOMY B PaMKax [epBOro arara norpedo-
BAJIOCh C7IeJIATh YEThIpe JKeJIe3HOIOPOXKHEIX petfica (1o 16,
16, 18 u 20 kouTeiiHepoB Ha peiic). Tak Kak OJUH BaroH
TK-5 Bmeraer Bocemb TYK-19, «siepbiii moe3n» cocto-
st u3 1ByX BaronoB TK-5 Bo BpeMst 1epBbIX JIBYX PEHCOB U
TPEX — BO BPeMsl TPETHETO U YETBEPTOrO.

[lnst pasrpy3Ku TOPOKHUX KOHTEITHEPOB C BaroHOB
TK-5 1 ux pa3melnienrsi B KperieHusIX Ha TPY30BUKAX MPU-
MeHsicst aBTokpas. [Iist mepeBosku koHTeitHepoB B MAD
WCTIOJIb30BAIIICH IBA TPY30BMKA, PACCUYUTAHHBIX HA JIBA
KOHTelTHepa KasK/[bIi.

B peaxropHOM 3ajie KOHTEHHEPHI pPasMeNajnuch Ha
TTOJTy B COOTBETCTBHUH CO CXEMOH PACIIOJNIOKEHUS U XpaHe-
HUs, pPa3pabOTaHHOM 7S TOTO, YTOOBI M30€KaTh YCTAHOBKU
TYK-19 na yyacTkax moja, He pacCCANTaHHBIX HA UX Bec. B
3MMHee BPEMsI KOHTEHHEpHl TPUOBIBAIN 3a/1e/leHEBIINMHY,
H09TOMY TPeGOBAJIOCH HEKOTOPOE BpeMsi Ha UX OTTAuBa-
HUE U IpUBeieHue B pabouee COCTOSTHUE. ITO COBEPIICHHO
HEe0OXOUMO ISt IPEJOTBPAILCHIS TIOBPEKACHUIT 21acTO-
MEPHBIX 3AIMUTHBIX KOJEll, SBJSIONIUXCS OCHOBHBIM 3Jie-
MEHTOM CUCTEMbI T€PMETU3AIUN KPBIIIKH.

IIpu 3arpyske OTBC B KoHTeliHepbl HHCIEKTOPBI
MATATDS, ucronb3ysi MOIBOIHYIO BHIEOKAMEDY, OIpele-
JISLITA MAeHTHDUKAIIMOHHBINA HOMep Kak1oit coopku. Jlaree
¢ oMotrbio Nal-zeTexTopa OHU OTIpe/esIsiIi TIPUCYTCTBUE
157Cs — nzoromna, 06pasyIonerocs: B pesyJsrare 00/yueHns,
ungukaropa namnyust OSIT B c6opke.

3arem OTBC sarpyxanuch B KOp3uHy, KOTOpas JIUC-
TaHIIMOHHO M3BJIeKaJach M3 OacceiiHa ¢ TOMOIIbIO Kpa-
Ha. V13-3a BBICOKOII /103bI U3JIyYE€HUs] BO BPeMs TOU OIle-
paluu MmepcoHajy He pas3pelrajioch OCTaBAThCS B Peak-
TopHOM 3ase. Kak ToJIbKO KOp3uHa OIycKauach B KOHTEH-
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Puc. 4. BaroHbl TK-5 Ha 3anacHom nyTu
Fig. 4. TK-5wagons on a side track

The cask, weighing 5 tonnes, was specifically designed
for transports of research reactor spent fuel, and can be
received and handled at the majority of Soviet-designed
research reactor sites. The cask body is made out of stain-
less steel, is ~ 86 c¢m in diameter and 217 cm high. The
fuel assemblies are loaded into the basket (so-called bas-
ket-50), which also provides the spacing between the as-
semblies. The cask can accommodate four VVR-S SFAs.
In total, 20 TUK-19s are available for transportation of
spent fuel, of which 16 are owned by Mayak, and four by
FSUE IRM.

The Russian certificate RUS/3103/B(U)F-96 for the
TUK-19 design and transportation process was issued
on the 9th September 2008 by the Rosatom Corporation.
The Atomic Energy Committee of Kazakhstan confirmed
its validity on the 5th November 2008. According to the
certificate, the TUK-19 casks are licensed for transport
by automobile and rail. For repatriation of spent fuel from
Kazakhstan, the TK-5 wagons were used.

SITE PREPARATIONS

In order to make feasible the loading and subsequent
shipping operations, repairs and upgrades were required on
the existing equipment for spent fuel handling in the reac-
tor hall, as well as additional equipment to be installed. A
range of preparations also needed to be carried out on the
external sites of the Institute of Nuclear Physics and the rail
station, located some 40 km from the Institute of Nuclear
Physics.

In the reactor room, the existing old vinyl flooring was
removed and the concrete floor repaired; a new epoxy floor
coating was then arranged, which is more durable and fa-
cilitates decontamination.

In order to assist the crane operator with the perform-
ance of remote loading of baskets with SFAs into the TUK-
19 casks, four new video cameras were installed in the reac-
tor hall, one of them on the crane bridge. Utilisation of the
additional cameras has enhanced oversight of operations
and their efficiency, also reducing the risk of mis-handling
during loading.

A back-up power generator was installed to provide a
secure source in case of external power loss.
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MPOEKTbI: 2007-2008 0/ bl

Ha »KenesHofoOpoOXHYI0 CTaHLUMIO 3arpyeHHble
KOHTeliHepbl NepeBo3unnch ¢ cobnoaeHnem Bcex
CcOOTBeTCTBYOWMNX Mep $pussawmtbl. OxpaHa co-
npoBoXjana rpys v npu gaabHerwem TpaHCNop-
TpoBanun go MO «Masak». AnnuTenbHOCTb TPaH-
31MTHOM nepeBo3Ku no KasaxcraHy cocrasuna 1,5
AHA, no Poccun - 2,5 gHA. MepeBo3ke 6bina npu-
CBOEHA HauBbIClIasA KaTeropus »ene3HOo4opPOoxK-
Hbix yenyr (KM-1).

The loaded casks were transported to the railway station

with strict observation of all applicable physical protec-
tion measures. Security guards escorted the cargo the

entire duration of its journey to the FSUE Mayak. The

transit through Kazakhstan lasted 1.5 days, and through

Russia 2.5 days. The shipment was assigned the highest

category of rail transport (KP-1), meaning that the train

always had priority of passage.

Hep, a 3aXBaT OTCOEIUHANCS, Ha KOHTelHep yCTaHaB/INBa-
nack kpeimka. OnepaTopbl GUKCUPOBAIN GOJTHI KPBIIII-
ki, a uHcrekTopsl MATAT ycranasiuBamu miaoMObl (110
JIBe Ha KOHTEHHEP) B IIeJIIX y4eTa U KOHTPOJISI MaTepua-
JIOB. 3aTeM KOHTEHHEPHI TEePEHOCUINUCH HA YIaCTOK KOH-
TpoJist repmeTuyHocTH. [l nposepku TY K-19 ucmosbzo-
BaJICS CTAHAPTHBIN TeIMeBBIN TeyerckaTesb. [loce Toro,
KaK KOHTeITHep MPU3HABAJICS TePMETHYHBIM, OH YCTaHAaB-
JIUBAJICS HA MHANBUYAJIbHOE MECTO XPAaHEHUS 10 MOMEH-
Ta OTTIPABKM.

Ha sxese3HOOPOXKHYIO CTAHIINIO 3aTPYy’KeHHBIE KOH-
TeliHepbl MEPeBO3UINCH ¢ COOJIONEHUEM BCeX COOT-
BeTCTBYIOINX Mep ¢uszamuTel. OXpana COMPOBOXKAA-
Jla TPy3 W TpHU JajJbHEHIIeM TPAaHCIOPTHPOBAHUU 10
IO «Magxk». JnuTeapHOCTh TPAH3UTHON MEPEBO3KHU IO
Kazaxcrany cocrasumna 1,5 aust, mo Poccun — 2,5 mus.
TpaHcnopTupoBaHuio ObLIa TPUCBOECHA HAWBBICIIAS Ka-
Teropus xene3nonopoxkuoi nepesosku (KII-1), moato-

MY TIO€3/I BCET/IA MOAYYas IPUOPUTET TTPOXOKACHUS, UTO
06ecIieurBao HENpPepbIBHOCTh TpaH3ura. Mesxay mep-
BOUl M BTOPOH II€peBO3KaMK ObLIO IIPOBENEHO €XKerof-
Hoe TexobciykuBanue kouteitHepos TYK-19 u Baro-

Puc. 5. MHcnekTopbl MATATS ycTaHaBnvBaioT Nnom6sl Ha TYK-19
Fig. 5. IAEA inspectors placing their seals on the TUK-19

60

A self-releasing (automatic) gripper for the loading op-
erations was designed and made.

A number of KAMAZ trucks were produced and cask
special frames fabricated to be used for casks transport from
the reactor hall to the railway station.

As the road leading from the reactor hall to the main
public-access road outside of the Institute of Nuclear
Physics site was in a poor condition, its top surface was also
replaced.

The following activities were completed at the rail sta-
tion:

— repairs on several railway bed sections, replacement of
two rails and anchor bolts;

— cleaning of the access roads;

— new lighting system installed to enable night-time
operations, as well as an electrical board to feed power to
the TK-5 and TK-VS wagons (the TK-VS is the personnel
carriage);

— the road leading up to the station was levelled and any
deep potholes filled up;

— a back-up (portable) power generator procured and
installed to provide a source in case of external power loss.

ORGANISATION OF TRANSPORT

In order to transport 278 SFAs to Russia, a total of 70
caskloads of fuel had to be moved, so four trips had to be
made as part of stage one (with the trips carrying 16, 16, 18
and 20 casks, respectively). As one TK-5 wagon can accom-
modate eight TUK-19s, the 'nuclear train' consisted of two
TK-5 wagons during the first two trips and three wagons
during the final two.

In order to pick up the empty casks off the TK-5 wag-
ons and load and secure them onto trucks, a truck-mounted
crane was used. Two trucks were used to take the casks to
the Institute of Nuclear Physics, each accommodating two
casks.

In the reactor hall, the casks were positioned on the
floor in accordance with the buffer storage and loading pro-
cedure, developed specifically to ensure that the TUK-19s
are not placed onto floor sections that are not designed to
support their weight. In wintertime, the casks arrived cov-
ered in ice, so time was needed for the ice to melt away and
make the casks usable. This was absolutely essential in order
to prevent any damage to the elastomeric protection rings,
which are the key element of the cask lid sealing system.

During SFAs loading into casks, the TAEA inspectors
used an underwater video camera to read and register the
identification number of each fuel assembly. Then, using
a Nal-detector the presence of '¥’Cs was established, as it
is an irradiation-made isotope, indicating the presence of
spent fuel material in the assembly.

Then, the SFAs were loaded into the basket, which was
then retrieved from the pool using the reactor room crane.
As radiation rates during the performance of this operation
were high, personnel were not allowed to remain in the re-
actor hall. With the basket inside the cask and the gripper
disconnected, the cask lid was installed in place. Operators
would then secure the lid bolts, and TAEA inspectors put
their seals in place (two seals per cask) for nuclear account-
ing purposes. The casks were then moved to the leaktight-
ness check location. Leaktightness of the TUK-19 casks
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PROJECTS: 2007-2008

MoanuncaHne BHELWHETOProBOro KOHTPaKTa
Foreign Trade Contract signed

YTBepxpaeHune «EAuHOro npoekra
Unified Project Approved

MNMocraHoBneHue npaButenbcrea PO
RF Gov. Decree

kcnopTHas nuuensus Kasaxcrana
Kazakhstan Export License Received

MoanucaHne KoOHTpaKkTa
DoE/MA®

(nogroroBuTenbHbie pa6oTbl)

DoE/INP sign contract
(prep only)

Mwuccua MATATD
no ycTaHOBNEeHNIo GpaKToB

IAEA Fact-FindingMission

DoE/MAD®

(BKnIOYas nepeBosKy)

CTapToBOe coBellaHne NpoeKTa
Bo3Bparta OAT

SNF Project
Kick-off Meeting

Punc. 6. OcHoBHble 3Tarbl BbIMONHEHWA NPOEKTa
Fig. 6. Key project phases

HoB TK-5, uto yBemmumnio nepuos o6opora (MIpoMesKyT-
Ka BPEMEHU MeK1Y OTIIPABKAMU MYCTHIX KOHTEITHEPOB U3
1O «Magk»). B naspueiineM 3TOT TEPUO 3aHUMAJ JI0
30 mHeii.

[lepswiit peiic B Poccnio ¢ rpysom kasaxckoro OAT
6b11 BBITIOHEH B gekabpe 2008 roma. K maro 2009 rozxa
OBLIO OCYIIECTBIIEHO €Tlle TPU TEPEBO3KH, KOTOPBIE O3Ha-
MeHoBasm co00# KOHEIl epBoro arana nepepozok BOY us
Kasaxcramna.

NNAHbI HA BYAYLLEE

IIpasurenbcrBo Kaszaxcrana u A D npunsiu perieHne
nepesectu peaktop BBP-K na rommso ¢ HOY ¢ o6oraiie-
HueM 19,7%. C yyactriem AproHcKoi HallMOHAIbHOI 1abo-
patopuu (CIIIA), nelicTByiorieii B pamkax IIporpammer mie-
peBofia MCCIeI0BATEIBCKUX W 9KCIIEPUMEHTATBHBIX PeaK-
TOpOB Ha Huskooboramentoe tommBo (RERTR), u poc-
cuiickoil TormBHONW Kommanuu «TB3JI» B Omskaiiniee
BpeMst OY/IyT U3TOTOBJIEHBI U TIOCTABJIEHBI B PEAKTOP Ha ¥C-
MbITAHWE TOTUIMBHBIE COOPKU HOBOTrO oOpasma. Yepes nBa
rojia obsyderusi cOOpKU OYyT M3BJICYCHBI U UCCIAEI0BA-
HbI, U B CJIydae TMOJOXUTETbHBIX Pe3yJIbTaTOB aKTUBHAS
3oHa BOY Oyjer 3amenena na aktushyio 3ony HOY. ITo
MCTeYeHU BPEMEHHU BbIJIEP/KKU, HEOOXOANMOTO JIJIsT TPaHC-
noptupoBanusd (s xKouteitHepoB TYK-19 — 1pu roza),
octasinecst TBC BOY GyayT ornipasienbl B Poccuiickyro
Depeparuio o nporpamme RRRFR B pamkax Broporo sTa-
na BeiBoza OAT uz MAD.

EE XS

Bosspat B PD 0koJ10 74 KI BEICOKOOOOTAIEHHOTO ypa-
Ha 3 Kazaxcrana ctas He TPOCTO TIEPBBIM 3TAllOM BLIBO3a
OAT wn3 Uncruryra spepuoil Gpusuku. ITO — 3aMeTHAS
Bexa 17151 Kazaxcrama u Beeit mporpaMmMbl RRRFR. TIpoexT
CTaJl XOPOIIUM TIPUMEPOM MEKAYHAPOAHOTO COTPYIHUYE-
CTBA MEXIY Pa3JINYHBIMU OpraHusanusmu Kazaxcrana,
Poccuiickoit  Deneparun, Coexunennsix [lltatoB u
MATATS.

Ne 12011 special edition

MopnucaHne KOHTpaKTa

DoE /INP revise contract
(incl. shipment)

Ceptudpukauyna TYK-19 B Poccun ana ronnusa BBP-L
Sertification TUK-19 Cask Licensed in Russia For VVR-C fuel
3aBeplueHNe MHCNeKUnii Tonanea
Fuel Inspections Completed

was checked using a standard he-
lium leak detector. Once a cask was
confirmed to be leak-tight, it was
placed back to its individual buffer
storage location to await shipping.
The loaded casks were trans-
ported to the railway station with
strict observation of all applica-
ble physical protection measures.
Security guards escorted the cargo
the entire duration of its journey
to the FSUE Mayak. The transit
through Kazakhstan lasted 1.5 days,
and through Russia 2.5 days. The
shipment was assigned the highest
category of rail transport (KP-1),
meaning that the train always had
priority of passage, thus securing its
continuous movement. Between the
first and second trips, annual main-
tenance of the TUK-19 casks and
TK-5 wagons had to be performed,
which increased the turn-over pe-
riod (the time span between shipments of empty casks from
Mayak). Subsequently, that period did not exceed 30 days.
The first transport of Kazakh spent fuel to Russia took
place in December 2008. By May 2009, three more trips had
been made, effectively meaning completion of the first stage
of highly-enriched uranium repatriation from Kazakhstan.

3aBepuieHe nepBoro
3Tana nepeso3ok
TcA nocne
peakTopa)
INP shipments complete
(will resume after Rx conversion)

MepBbIn peiic
1* shipment

FUTURE PLANS

The Government of Kazakhstan and the Institute of
Nuclear Physics have taken the decision to convert the
VVR-K reactor to operation on low-enriched uranium
(19.7%) fuel. With assistance provided by the Argonne
National Laboratory of the United States, acting within
the framework of the Reduced Enrichment for Research
and Test Reactors (RERTR) programme, and the Russian
nuclear fuel supplier TVEL, the reactor is scheduled to re-
ceive fuel assemblies of a new design within the nearest time
for test operation. After two years of irradiation, the assem-
blies will be discharged and studied, and, provided that the
results of test operation are positive, the highly-enriched
uranium fuel core will be replaced with a low-enriched ura-
nium fuel core. Upon expiry of the necessary wait time to
allow new transports (which is three years for the TUK-19
casks), the remaining fuel assemblies containing highly-en-
riched uranium will be sent back to the Russian Federation
under the RRRFR programme, as part of the second stage
of the Kazakh Institute of Nuclear Physics spent fuel repa-
triation project.

EEES

The removal of approximately 74 kg of highly-enriched
uranium from Kazakhstan became not only the first stage
of spent fuel repatriation from the Institute of Nuclear
Physics. It heralded a major milestone for Kazakhstan and
for the entire RRRFR programme. The project set an ex-
cellent example of successful international cooperation
between various organisations of Kazakhstan, the Russian
Federation, the United States, as well as the IAEA.
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