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Technical Adviser to the General Director ~CEO FGUP "Atomflot"
of "SETAVA Ltd."

and

Technical Director "IFT Ilc"

V.S. Pechacek S.P. Ruksa

ACT
Murmansk, September 3™, 2009

1. This Act concerns tests of inactivation technology performed from July 27" to
September3 2009 by the companies "SETAVA Ltd." and "IFT IIc" in order to
develop technology of inactivation IFT.N.O.R.M, on 20 pieces of shifter rod bushings
T-26M, used in the nuclear fuel handling. According to input and output radiometric
control results, it is possible to reach following conclusions:

l. Demonstrated technology, performed by SETAVA Ltd. and "IFT IIc"
companies, permits inactivation of stainless steel products having different initial levels
of radioactive contamination (in time of the experiments 70 up to 8000 Bq/cm?) on the
value of enabling them for next free use (0.5 + 5 Bg/cm?).

2. Time required for inactivation of one bushing T-26M reaching 60 - 90 minutes is
subject to inherent pollution pattern.

3. If in the bottom part of the product there is highly active spillage, single washing
would not be effective enough. It is useful therefore to separate the bottom part of
product and separately inactivate both parts, as confirmed experimentally: during this
work inactivation of previously separated product performed until zero levels in a
period not exceeding 30 minutes (unnumbered bushings, head and bottom part of the
shifter rod bushing removed earlier).



4.  Technology IFT- N.O.R.M presented enables performing inactivation of returning
products, without corrosive and mechanical damages. For increasing inactivation in this
case, the hydrodynamic method for cavities cleaning is used.

Table 1 Input and output radiation parameters

The dose after inactivation was subject to the activity of strew in the bottom part of the
bushing, inaccessible for open washing.

Before inactivation After inactivation
Dose max. Contamination Dose max. Contamination

C. mR/h Bg/cm? mR/h Bg/cm?
509 90 200 0,20 0-05
434 120 320 0,80 0,5 -2
660 30 130 1,50 0- 05
184 40 90 - 0- 0,5
105 380 2500 50 2-5
485 50 750 2,50 0-05
456 310 1100 7,0 2-5
319 40 260 0,40 0- 05
528 2 00 - -

274 320 8 000 47 2-5
286 280 420 25 0,5 -2
327 13 70 - -

289 240 230 11 0,5 -2
368 1100 650 90 2-5
188 730 400 38 2-5
316 280 250 17 0,5 -2
467 20 250 - 0,5 -2
neni 8 80 - -

After soaking in solution for 1 hour

Activity, dissolved in IFT-D solution from seven bushings T-26M
Cobalt - 60 399  MBq
Cesium - 137 72,0 MBq
Europium - 152 8,25 MBq
Europium - 154 67,5 MBq
Washing water activity after inactivation of 20 bushings T-26M
Cobalt - 60 1,98 MBq
Cesium - 137 13,4 MBq
Europium - 152 2,38 MBq
Europium - 154 5,50 MBq



Inactivated bushing with separate ~ Through for soaking of shifter rod
head and end section bushings. At the bottom you can see
active sediment

There was no technology enabling transfer of the products of this kind outside the
category of radioactive waste yet.

Tank of 1 m® volume with a - _Washing water, cleaned and without
solution IFT-D and mechanic filter mechanical impurities and coagulate
5 microns

A
=

IFT N.O.R.M. device for inactivation of shifter rod bushings and block of water
cleaning and technology solutions allow separation of radioactive contaminations from
surfaces inactivated and to concentrate activity on mechanical and sorption filters of
small volume.

Results of testing technology, IFT-N.O.R.M. Based on FGUP "Atomflot" prepared by:
Radiometric engineer Safonov Ju.V.

Technology engineer Safonova I.V.

5. Closed cleaning cycle ensures concentration of activity on filter elements, which

are subject to conditioning and storage as a TRO.

6. In the industrial scenario, the technology allows for multiple use and



regeneration of the working solutions as concentrates, excluding the formation of liquid
radioactive and highly toxic chemical waste.

7. As there is no need for sophisticated technological equipment, it is possible to
ensure the versatility of technology in the inactivation of various products (apparatus,
equipment and nodes and units of the repaired equipment as well).

8. Electricity cost of facilities at work is minimal, just for the loss for heating the
working solution at temperature of 20 °C up to +25 °C by heating equipment of 5 kW
output.

Contamination pattern of fuel rod bushings

Composition of radioactive contamination of equipment having been in contact with
used fuel, such as bushings T-26M, is complex and has high activity.

Radionuclide composition of the contamination are fission products such as *’Cs, *Sr
neutron activation products of reactor construction materials, 6OCo, 15 2Eu, 15 4Eu, and
also highly active fuel bushings material, micro particles and the fuel itself.

Radiation safety standards require when dealing with similar products, further measures
to protect personnel, special equipment and devices contaminated during the work.

Figure 1 Bottom part of the Figure 2 Provisional protection of T-
bushing T-26 with a blind flange 26M bushings. Dose 50 mR per one
welded hour

Attempts to get rid of such contamination levels and composition in a mechanical
manner (grinding, shot and sand blasting), or use existing inactivation systems will
necessary lead to creation of solid and liquid radioactive waste (filling, chippings, used
technological solutions) and will not reach 100% of output effectivity.
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YPMaHCK, TPETbEro CeHTﬂﬁpﬂ ABe TbiCAYN OeBATOro roga
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HacToAwmit akT cocTaBneH B TOM, YTO B NEpWOp C ABaALATL CEAEMOr0 MIONS Mo TpeTbe
CeHTADpPA ABe ThicA4M AEBATOrO roga upmoii "SETAVA s.r.0." 1 "IFT lic" BbINonHeHs!
onbiTHelE paboTkl no otpaboTke TexHonoruu aesakrtieauum IFT - N.O.R.M.
NPUMEHUTENEHO K Yexnam Tuna T- 26M, NpUMEHSBLUMMCA B ONepaumsx no obpalleHuio
C AOepHbLIM TONNIMBOM, B KONMYECTBE ABaALAaTH LTYK. [1o pesyneTaTtam BXOAHOMO 1
BbIXOAHOTO PaAUOMETPUHECKOTO KOHTPONA MOXHO CAENaTh CreayloLne BoIBoAb:

1. TexHonorusi, npencTasneHHas cupmamu "SETAVA s.r.o.” u "IFT lic" nossonser
BLIMOMHUTL  0E@3aKTUBALMIO NOBEPXHOCTeA W3Aenwii U3 HepxaBellwei cTanu oT
PaguoaKTUBHBIX  3arpsa3HeHui pPasnuyHbIX nepeoHayanbHbIX YPOBHeW (B xoae
3kcnepumeHTa - ot 70 go 8 000 Br/cm? ) 40 3HaYeHWid, NO3BONAWMX MX cBOBOAHO
ncnonk3oBath Npu AanbHedLwen ytunusauwm (0,5 + 5 Br/cm?).

2. Bpemn, HeoBxoaumoe ans [OesakTuBauMM OAHOrO dexna T-26M onpegenseTcs
XapaKkTepom 3arpAsHeHns n coctaenseT oT 60 o 90 MuHyT.

3. TMpu Hanu4um BbICOKOAKTMBHOW MPOCHLINMM B AOHHOW YacT u3genus, pazosas
NpombIBKa HeaocTaToMHO adihexTueHa. LlenecoobpasHo oTmeneHue [OOHHONW YacTw
M3penus W pasfencHas  [e3akTMBauus  ABYX uacTeil, 4TO MOATBEPXAEHO
9KCMEpUMEHTANbLHO: B XOAE BbINONMHEHUA AaHHOW paboTbl Ae3aKTWBaLWMA pa3aen&HHoro
paHee W3nenus BeiNONMHEeHa 40 HYNeBbIX YPOBHEW 3a BpEMS He npeBbicusliee 30 MUHYT
(4exon Ges Homepa, ronoBHas W JOHHAs YACTU Yexna OTAeneHbl paHee).

4. lNpenctaBnenHas texHonornsa IFT - N.O.R.M. no3sonseT BbINONHUTL Oe3aKkTueauuo
00OpOTHbIX n3nenuid 6e3 KOPPO3UOHHBIX W  MEXaHWYEeCKUX nospexgeHnid. [na
NOBbLILLEHNS  3DPEKTMBHOCT [e3aKTMBALMW B AaHHOM  chydae Mcnone3yeTca
rMAPOAMHaMUYECKNIA METOL, OHMUCTKM NOMOCTEN.



5. 3amkHyTbIA LUMKN OoYMCTKM oBecneymsBaeT KOHUEHTPaLWK aKTUBHOCTM  Ha
hUNLTPYIOLINX aNemMeHTax, noanexalymx KOHANLWOHUPOBAHWNIO U XpaHEeHWO kak TPO.

6. B NpOMbILWLUNEHHOM BapuWaHTe OaHHasd TEeXHONOrMA nNo3BONAeT MHOroKpaTtHoe
ucnonb3oBaHne W pereHepauuo paboumnx PacTBOPOE KOHUEHTpaTamMWn, 4YTO WCKNn4YaeT
06{)33088!-]149 HKNOKUX pPaONO0aKTUBHBIX U BEICOKOTOKCUYHBLIX XMMUYEeCKMUX OTX0O0B.

7. OrTcyTcTBME CROXHOW TEXHOMOIMYEeCKOW OcHacTkM noseonAeT obecneunTb
YHWBEpCanbHOCTb TEXHOMOMMK B YacT Ae3aKTUBaLUMKU PasnnYHbIX U3Lennil (MHCTPYMEHT,
OCHAacTKa, a TaKkKe y3rbl U arperatbl PEMOHTUPYEMOro oGopyaoRaHus).

8. BaTtpaThl 3nekTposHeprum npu paboTe ycTaHOBKA MWHWMAanNbHbI W ONpeaenstoTcs
aaTpaTaMmu Ha noforpeB paboumnx pacTeopor Ao 20+25°C HarpeBaTenem MOLLHOCTbIO 5
KBT.

XapaKTepucTUKa 3arpA3HEeHMA TONSIMBHbLIX YeXN0B

PapgunoaktueHoe 3arpsisHeHue obopypoBaHus, UMEBLLEro KOHTaKT ¢ OTpaGoTaBLUMM
AOepHbIM TONNWBOM, TaKkoro Kak 4exnbl T- 26M umeeT CnoXHbIAd COCTAB U BbICOKYIO
aKTUBHOCTb.

PaiMOHYKNMAHBIA COCTAB 3arpsisHEHWiA NpeCTaBNeH NPoayKTamMu AENEHUs], TAaKUMIA Kak
¥7Cs, %°Sr, npoaykTami HENTPOHHOIH aKTMBALIMM MATEPUAMNOB PEaKTOPHbIX KOHCTPYKLIMIA
®Co, 5?Eu, "*Eu, a Taloke BbICOKOAKTUBHBIMM MUKPOYACTULIAMM MATEPUANa TONMMBHBIX
o6onoyek U camoro TONNKBa.

Hopwmbl  paguaumoHHoii BesonacHocTW TpeBylwT oOT obpalieHus ¢ NoA0OHbIMU
U3OenuaMKU  JONOMHUTENBbHLIX MEP 3alyUTbl MepcoHana, CneuuanbHOM OCHACTKW W
WHCTPYMEHTa, KOTOPbIA, B CBOK o4Yepeab, Npy paboTe Taloke CTaHOBUTCA 3arpA3HEHHBIM.

PucyHok 1. [loHHas YacTb Yexna T-26 C r n  Pucy 2. Bp ( yexnoe T-26M. MowHocTs
3arnywKon A03b1 50 MUNNUPEHTreH B Yac

MonbiTkn W36aBMTLCA OT 3arpA3HEeHWid TaKoro YPOBHA W COCTaBa MeXaHWYEeCKAM
cnocobom (wnucoBaHne, OpobecTpyilHas W nNeckocTpyiiHas oGpaGoTka) wnu ¢
NOMOLLBI0  MMEIOLUXCA Ae3aKTUBAaLMOHHBIX COCTABOB Heu3bexHo npueBogaT K
obpasoBaHnio TBEPAbIX W JKWOKAX PaAMOaKTMBHBIX OTXOAOB (OMWMKM, CTPYXKKA,
oTpaBoTaHHbIe TeXHONOrMYeckMe pacTeopsl) U He gocTuraioT 100% pesyneTaTta.
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Tabnuua 1. BXxogHble U BbIXOHbIE paAnaLUoHHbLIE NapaMeTpbl.
MolwHocTe Ao3bl nocne Ae3akTueauun obycnoeneHa akTUMBHOCTLIO MPOCLINKM B AOHHOW
4yacTu Yexna, HefOCTYNHOMA AN OTKPLITOW NPOMbIBKU

A0 AesakTusauun nocne gesakrusaynn

MOLLIHOCTb A03blygyc 38Fpﬂ§HéHHOCTb MOLLHOCTb A03blygke SGFPH?HEHHOCTb
e MP B uac Br/cm” MP B yac Br/cm®
509 90 200 0,20 er 0 mo 0,5
434 120 320 0,80 or 0,5 mo 2
660 30 130 1,50 or 0 mo 0,5
184 40 90 - e 1 o S
105 380 2 500 50 or 2 mo 5
485 50 750 2,50 or 0 mo 0,5
456 310 1100 Ul orT 2 mo 5
319 40 260 0,40 or 0 mo 0,5
528 2 80 i -
274 320 8 000 47 oT 2 mo 5
286 280 420 25 or 0,5 mo 2
327 13 70 = ==
289 240 2L 11 or 0,5 mo 2
368 1100 650 90 or 2 5o 5
188 730 400 38 or 2 mo 5
316 280 250 T or 0,5 mo 2
467 20 250 — or 0,5 no 2
Hem 8 80 = =

obMbIBKa Yexna

nocne 3amMauvwBaHWA B PacTBOpE B TeYeHWe Yaca

AxTuBHOCTb, Nepeweglan B pacreop IFT-D c cemu yexnos T-26M

Co-60 39.9 MBK
Cs-137 72.0 MBk
Eu-152 8.25 MBK
Eu-154 67.5 MBK
AKTMBHOCTb NPOMbIBOMHOM BOAbI NOC/NE Ae3aKTUBaLMM gBaguaTti 4yexnos T-26M
Co-60 1,98 MBK
Cs-137 13,4 MBK
Eu-152 2,38 MBK
Eu-154 5,50 MBk

T T e e e e T —————
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[e3aKTMBMPOBAHHBIA YeXOn C OTAenéHHbLIMK rONoBHOW M BanHa Anm 3ama4ynBaHus wexna. Ha aHe meu AKTMBHbIN
XBOCTOBOW YacTAMM ocanoK
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TexHonorun, nossonsioWeld BLIBECTU TaKoro pofa WU3Aenusi U3 KaTeropuu
PaAnoaKTUBHbLIX OTXOA0B, 40 HACTOSALWEro BpeMeHHU He Bino.
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6ak émkocthio 1 M° ¢ pacteopom IFT-D u ue‘;aumecxuﬁ HaA BOAA, NPOLWEAWAN OYMCTKY OT MEXAHMYECKMX
HUNLTP 5 MUKPOH. npumecen W Koarynsita

YcranoBka IFT - N.O.R.M. ans pe3akTMBaLUK YeXNIOB B COBOKYMHOCTH C GNOKOM
OYMCTKM MNPOMLIBOYHOM BOAbI M TEXHONOrMYEeCKMX PpacTBOPOB NoO3BONseT
MOMHOCTLID OTAENUTL pPaAVMOAKTUBHLIE 3arpsA3HEHUs OT [e3aKTUBUPYeMbIX
NOBEPXHOCTEN U KOHLEHTPUPOBATL aKTUBHOCTb HA MEXAHUYECKUX U COPGLIMOHHBIX
tunbTpax HeGonbworo o6Léma.

OTYET no pesynbTataMm ucnbiTaHui TexHonormm I[IFT-N.O.R.M. Ha 6aze Oy
"AToMpnoT" NoAroToBUNK:

WHXXEHEep paguomeTpucT Y/ CacpoHos H0.B.

WHXXEHEpP TexHonor A 2OOLED /Q CadpoHora U.B.
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