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B JlnAa ouMCTKU MeTa/IMyecknx paauoakTUBHbIX OTXO0-
noB (MP0O) Hanbonee LWMPOKO NPUMEHAIOTCA XKUAKOCTHbIE
cnoco6bl, 3aKtouatonecs B 06pabotke metannmueckux
JeTaneil pasNuUHbIMU [e3aKTUBUPYIOLMMUN pacTBOpa-
MU, B TOM YMCSIE U B COYETAHUMN C APYTUMU MeTOAAMMU UH-
TeHcuduKaumm npouecca. OAHMM U3 TaKUX CNoco6oB AB-
nAeTcA fe3akTMBaLUA C UCNONb30BaHWEM YNbTpa3ByKa.

NPOBJIEMA OYUCTKU MPO

[Tpu BBIBOJIE M3 DKCILIyaTAIlMU aTOMHBIX 9JIEKTPOCTAH-
Ui, sAIepHO-9HEPTeTHYECKUX YCTaHOBOK OPraHMU3aIinit
MumtucreperBa 060POHBI, 06OPYIOBAHUST HAYYHO-UCCIIE-
JIOBATEJNCKUX YUPEKACHUHA M APYrux 0OBEKTOB 0Opasy-
I0TCSI METAJUINYECKUE PAIMOAKTUBHBIE OTXOIBI, TIPEICTAB-
Jstone coboi yCTAHOBKHU, U3EUST PA3IMYHbBIX TUIIOB 1
oTjiesibHble (hPAarMEHTBI, 3arPsI3HEHHbIE PAJINOAKTUBHBIMU
BeniectBamu. OObeMbl TAKUX OTXO0B BeChMa 3HAUUTEJb-
Hbl. [T0 pa3HbIM 9KCIIEPTHBIM OI[EHKaM, B MUPE HAKOILIEHO
12,4 M T Metasmmuecknx PAQO, M3 KOTOPBIX TPUMEPHO
2 MJTH T HaxosaTcst B Poccnn. Yike ceroHst G0BINYIO MPo-
6J1eMy TIPEACTABIISIIOT COOOH ECATKU KOPabeTbHDIX SIep-
HBIX 9HEPTeTHYECKUX YCTAHOBOK, TPEOYIONNX PA3IETKN 1
YTHJIU3AI[IH TI0 MePe BbIBOJIA U3 9KCILIyaTaI[HH.

ITpobaema 3akjodaeTcss B TOM, 4To B Poccun, Kpome
3A0 «Ixomet-C», HEeT CHeUaNTn3NPOBAHHBIX MTPEIIPU-
SITUiA, 1IEJICHATIPABICHHO 3aHUMAIONIUXCS IepepaboTKON
METAJUINIECKUX PAJIMOAKTUBHBIX OTX0I0B. Kpome ToTO, Ha
MHOTHX 00beKTaX, rjie obpasytorcst metamindeckue PAQO,
OTCYTCTBYIOT YCTAHOBKH JIJISI UX JIE3aKTUBAIIUN W KOH/IU-
[IMOHUPOBAHUSI, B TOM YHCJIe BTOPUYHBIX PAIHOAKTHBHBIX
OTXOJIOB. 3a4acTyio B MecTax HaxosxaeHuss MPO wet Heob-
XOJIUMOI MHKeHePHOU NH(MPACTPYKTYPbI Vil TIPOBEIEHIS
JIe3aKTHBAIH.

Hacymraast 3aaua obecrieqeHus painosKoIOTHIecKoi He-
30MacHOCTH — pa3paboTKa crnocoba Ie3aKTUBAIINK METAJLIH-
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B Decontamination of metallic radioactive waste is most
frequently performed using liquid methods, which are
based on treatment of metallic parts with various liquid de-
contamination solutions, sometimes combined with other
methods of treatment to intensify the decontamination
process. One of such other methods is treatment by ultra-
sound.

METALLICRADWASTE TREATMENT ISSUE

During decommissioning of nuclear power plants, mili-
tary nuclear power installations, research facilities and other
objects, metallic radioactive waste is generated which is rep-
resented by installations, products of various types and in-
dividual parts contaminated with radioactive matters. The
volumes of such radwaste are quite significant. According to
expert evaluations, there are 12.4 million tonnes of metallic
radwaste in the world now, about 2 million tonnes of which is
located in Russia. Today, dozens of ship-borne nuclear power
installations, which require dismantling and disposal of as
part of decommissioning, represent a serious concern.

The problem is that in Russia, apart from Ecomet-S, there
are no organisations specialising in processing of metallic ra-
dioactive waste. In addition, many installations that generate
metallic radwaste lack facilities to decontaminate and condi-
tion such radwaste, including secondary radwaste. Often, the
locations of metallic radwaste lack the necessary infrastruc-
ture for decontamination.

One of the pressing tasks of radiation safety assurance is
to develop a method for metallic radwaste decontamination
that could be used at sites that hold considerable amounts of
such radwaste but lack the necessary means to treat it.

For instance, the temporary radwaste storage location in the
Andreyev Bay currently contains significant quantities of solid
radioactive waste that has originated from the naval operations.
It includes scrap metal of various origins and sizes, including

B [lesakTMBaLUusa pagnoaKTVBHO 3arpsi3HeHHbIX MeTajIMYeckux NoBepXHOCTeNn NPOBOAUTCS, KaK NpaBuio, B
TEXHOJIOTMYECKMX MpoLeccax Ans CHUXEHUA MOLHOCTM A03bl OT SKCMIyaTupyeMoro obopyanosaHus 1 obecneyeHus
6e30nacHoOCTY 06cnyxuMBatoLwero nepcoHana. OHa OCyLECTBAAETCA Ha WTAaTHOM 060PYAOBaHNY, C MCMOJIb30BAHMEM
cneumnanbHbIX Ae3aKTUBUPYIOWNX CPeacTB. [Ins MeTannmnyecknux noBepxXHOCTeN NPUMEHAETCS, Kak MPaBuo, XUAKOCT-

HaA Ae3aKTuBauunA.
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YECKUX OTXOJIOB, KOTOPBI MOKHO OBbLIO OBI peasi30BaTh Ha
TIPEATPHUSATHSIX, UMEFOIITIX OOJIBITIOE KOMMYIecTBO Takux PAQ,
HO He PacloJIaraioliuX CPeACTBAMY U1 MX T1IepepabOTKH.

Hampumep, B nyHkTe BpemeHHOro xpanenusi PAO B
rybe AnzipeeBa, B pesyJibraTe aestesnbHoct BM O, ckonu-
JIOCh MHOTO TBEPJIBIX PAJAMOAKTUBHBIX OTXO0B. B nx gucie
METAJTMYECKUH JIOM Pa3jIndHOTO THUTIA U Pa3MEPOB, B TOM
YucsIe KPyIMHOrabapuTHbBIE TOJCTOCTEHHBIE M3JE/MUs, YeX-
JIBL JIJIsI pasMelieHusl oTpaboTaBIINX TEIIOBbIIEISIONINX
c6opok (OTBC), 10/beMHO-TPAHCIIOPTHBIE LIETN U TIPOYUE
OTXOJIbl, HAXO/ISTIUECS KaK HA OTKPBITHIX IJIOMIAIKAX, TAK
B 3aryGJEeHHBIX XPAHUIUIIAX.

[esakruBarus takux PAO Ha MecTe MO3BOIUT HANPaB-
JIATH OYNTIEHHBIE METAJLTITYECKIIE 3/IeJTHs, B TOM YHicje U3
Hep:KaBelolIeli cTasy, Ha epeTyiaBKy Ha CHelTHaTN3nPOBaH-
Hble TIPeIPUATHS U yMeHbIaTh 00beM PAO, mosieskarux
KOHUTTMOHUPOBAHUIO U IOJITOBPEMEHHOMY XpaHEHHIO.

YCTAHOBKA A1 YIbTPA3BYKOBOIi AE3AKTUBALIMM

MesKyHapOAHBIN IIEHTP 9KOJOTHIECKOH GE30IacHOCTH
Pocaroma PO u OO0 <AJIEKCAH/IPA-TIJIIOC» pasz-
paboran u usrotoBuan «ONbBITHO-TIPOMBIIIJIEHHYIO yCTa-
HOBKY JIJIsI YJIbTPA3BYKOBOM JI€3aKTUBAIIMY METAJIIMIECKUX
M3IETUI CIOKHON reomerpuu Mojenu MO-42»
(puc. 1). OcHOBHBIE Y3JIbI yCTAHOBKU — BaHHA JIJIsT
JIe3aKTUBAINY, OaKW JIJIST TIOATOTOBKU J€3aKTHBH-
PYIOIIETO pacTBOpa M BOIBI, SJEKTPOIIKAD C yIIb-
TPa3BYKOBBIMHU F€HEPATOPAMIL

Ha T'YIT MocHIIO «Pamons» GbLin mpoBee-
HBI UCITBITAHUA TOW yCTAHOBKHU, YTOOBI OIIEHUTh
BO3MOKHOCTb €€ HUCIIOJIb30BAHUS [IJIs1 [I€3AKTHU-
Barmu 4exyioB s padmetienuns OTBC, naxong-
IUXCA B NMYHKTE BPEMEHHOTO XpaHEeHWs B Ty6Ge
AnppeeBa.

Taxkwue 4exJibl MPEACTABISIOT COO0I KOHCTPYK-
M0 13 TPy pasinyHOTO aAuaMerpa (He TPeBbI-
nratorero 0,242 m) u gmHoi ot 2,35 10 3,06 M,
cobpaHHBIX B COOPKY TIO CeMb INTYK. B KauecTBe
METaJUIMIECKUX PAJIMOAKTHBHBIX OTXOOB, B IIEP-
BYIO OUEPE/Ib, PACCMATPUBAJIMCE YEXJIBI IJIST pa3Me-
menus OTBC tumnos 22, 22M, 24 u 24M, 3arpss-
HeHHbIe paanonykanaamu *Cs n *Sr. O6bektamu
JUIsL MCHIBITAHUiT BbIOpaiu (hparMeHT uYexya U3
cemu Tpy6 AMHOM npuMepHo 0,6 M 1 HepsKaBero-
e TpyOst auamerpom 0,088 M u aaurol 0,2—0,8 M.

OcHoBHast ipobJieMa TIpK TTOJATOTOBKE K UCITBITAHUSAM
COCTOSITIA B MOJIEJTMPOBAHUY PEATHHOTO PAJANOAKTUBHOTO
3arpsisnenust ¢pparmentoB uexyoB aasgs OTBC. [lag wuc-
MBITAHWI UCITOJIh30BaIN KyGOBbIA ocTaTok KaqmHUHCKOI
AIC u pactBopsl nzoronos *'Cs u *Sr B cMecH ¢ CUJIbHBI-
MU MUHEPAJTbHBIMU KUCJOTAMH. JKCIEPUMEHTAIBHO OBLIIO
orpeiesieHo, uto pactBop uzortornos ¥7Cs u *Sr B cossiHoi
KHCJIOTE TIPY BO3IEACTBUN HA 3aTPSI3HSIEMYIO TIOBEPXHOCTD

large-dimension thick-walled items, containers for spent fuel as-
semblies (SFA), handling chains and other types of waste that is
held both in open-air grounds and sub-surface storage locations.

On-site decontamination of such radwaste would enable re-
moval of cleaned metal parts, including those made of stainless
steel, to specialised remelting plants, thus reducing the volume
of radwaste subject to conditioning and long-term storage.

ULTRASONIC DECONTAMINATION UNIT

The International Environmental Safety Centre of
Minatom together with ALEXANDRA-PLUS Ltd. Have engi-
neered and fabricated the MO-42, a pilot unit for ultrasonic
decontamination of irregular-geometry metal components
(see fig. 1). The main elements of the unit are: decontamina-
tion vessels, water and decontamination solution tanks, elec-
trical cabinet with generators of ultrasound.

This unit has been simulation-tested at Radon Moscow
with the objective of establishing whether it could be used for
decontamination of SFA container bundles currently located
in the Andreyeov Bay storage facility.

These SFA “containers bundles” are structures made of
various-diameter (not more than 0.242 m) tubes, put together
in bundles of seven, 2.35 to 3.06 metres long. The primary me-

Puc. 1. OnbITHO-NPOMbILLIEHHAA YCTaHOBKA
Fig. 1. Experimental industrial installation

tallic radwaste to be treated was represented by SFA thimble
types 22, 22M, 24 and 24M, contaminated by "*"Cs and *°Sr.
The object of testing was chosen to be a bundle fragment con-
sisting of seven tubes approximately 0.6 m long, as well as
stainless steel tubes 0.088 m diameter and 0.2—0.8 m long.
The major problem for this testing was to simulate the ac-
tual radioactive contamination of an SFA container bundle.
For testing purposes, evaporator concentrate from Kalinin NPP
was used, along with ¥’ Cs and *°Sr solutions in strong mineral

B Decontamination of radioactively contaminated metallic surfaces is normally performed on technological proc-
ess equipment with the objective of reducing the dose rate from the equipment and ensuring safety of operations staff. This
decontamination is performed on regular process equipment, using special decontamination media. For metallic surfaces,

liquid decontamination is normally applied.
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B Teuenue Gosee 40 yacos obecrieunBa-
€T O6paSOBaHI/Ie Ha Hell CHHUMaeMoro u

PE3YJIbTATbI UCMbITAHWIA YCTAHOBKW HA OBPA3LIAX TPYB
RESULTS OF TESTING ON TUBE SAMPLES

(pUKCUPOBAHHOTO 3arpsI3HEHWS, TIPITYEM 3 Kos¢¢muwgm Ae3aKTnBaumy
OIS q)I/IKCI/IPOBaHHOFO 3arpH3HeHH§I ,ElesaKmsl'npy!ommm p-aCTBOP Decontamination coefficient
o Decontamination solution be3y3 y3
npesbimaet 20%. Without ultrasonic treatment | With ultrasonic treatment
Ha puc. 2 mokasan BHemmHWI BUi [TexHuueckas sopa g 20-30
06pasIoB Hep:KaBelonmx TpyO u par- |Process water
pasil p M Py 6 g)p 0,5% NaOH + 5ATA 4-8 -
MEHTa YeXJIa, MOJBEPTHYTHIX 00PabOTKE |50 NaOH + EDTA
c - u
11eJIbI0 3aKpeIIEHNsl Ha HUX PaJuoak 0,5:/0 HZCZO4+cmpaanbm NOopPOLOK 25-30 50-300
TUBHOTO 3arPsI3HEHUSL. 0.5% H,C,0, + washing powder
Ha uepskaseromux tpybax O6buin or- |TMCHAT (1:20 csonoi)
P 24 TMS DT (1 : 20 with water) 28-40 60-250
paboTaHbl PeKUMBI PabOTHI YCTAHOBKH

U ONpe/ie/IeHbl  ONTUMAJIbHBIE COCTABbBI
JIE3aKTUBUPYIOIUX PACTBOPOB. VCIoIb30BaNCh KUCIbIE U
TeJJI04YHbI€ BOJIHBIE PACTBOPBI MOIOIIIHUX CPEJICTB C ZIO6aBKa-
MU KOMILTEKCOHOB M MKHTUOUTOPOB Kopposuu. TemmepaTypa
Je3aKTUBUPYIOIero pactBopa — komHathas, 40 u 50°C.
Bpewms o6paborku: 2—20 MUHYT.

PE3Y/ILTATbI UCTIBITAHWIA

IKCIIEPUMEHTBI TIOKA3aJI1, YTO UCHOJIb30BaHUE YJIbTPa-
3BYyKa B COYETaHUU ¢ 06pabOTKON 3arpsisHEHHBIX 06PasIoB
JIE3aKTUBUPYIOIIMMHU PACTBOPAMU CYIIECTBEHHO MOBBIIIAET
s deKTUBHOCTD OUUCTKH (cM. Tabsuiry). Ipidyem yBesnde-
HUE MPOJIOJKUTETBHOCTH 00paboTku 10 20 MUHYT, a TeM-
mneparypsl — oT KoMHaTHOH 20 50°C TaksKe croco6CTByer
MTOBBIIIEHIIO CTETIEHN JIe3aKTHBAI[MN METAJLIA.

YIbTpa3ByKOBas JIe3aKTUBAIUST UCKYCCTBEHHO 3arpsi3-
HEHHBIX METANIMIECKUX OTXO/IOB B KMCJIBIX PACTBOPAX OKa-
3a71ach JOCTATOYHO 2 (PeKTUBHA B OTHOIIEHUN PATHOHYK-
JuoB Te3usd u crpoHrusa. Koaddunment nesaktuBanuu
HepskaBeonux Tpy6 (IIpU PasJuyYHbIX YCJIOBUAX M PEXKU-
Max o6pabotkn) cocrasua 20—1000, pparmenrta yexJia AJist
pasmerenuss OTBC — 90-500.

Ha puc. 3 npezcraBiieHsl Hepskagetoniie TpyObI U dpar-
MEHT YeXJia ocJie /ie3aKTHBauu. Bu/iHo, 4To ¢ MOBEPXHOC-

il vl

Puc. 2. Tpy6el (a) u pparmeHT uexna OTBC (6) o fe3akTnBaLmu

acids. It was experimentally proven that the hydrochloric acid
solution of ®7Cs and *°Sr, when applied on a surface for over
40 hours, causes fixed and removable contamination of the sur-
Jace to form, with the fixed contamination share of over 20%.

Fig. 2 shows the appearance of stainless steel samples and
the bundle fragment that have been treated to cause radioac-
tive contamination to fix on them.

The stainless steel tubes were used to refine the operating
modes of the unit and optimise the compositions of decontami-
nation solutions. Solutions of acid and alkali in water of deter-
gentswereused, with complexing agents and corrosion inhibitors
added. The decontamination solution from room temperature
to 40 and 50°C. Treatment time: from 2 to 20 minutes.

TEST RESULTS

The experiments have shown that the application of ultra-
sound in combination with treating the contaminated samples
with decontamination solutions considerably improves decon-
tamination efficacy (see table). Increasing the duration of treat-
ment from 2 to 20 minutes and temperature from normal room
levels to 50°C also facilitates the decontamination of metal.

Ultrasonic decontamination of artificially contaminated
metallic radwaste in acid solutions turned out to be effective

Fig. 2. Tubes (a) and fragment of SFA container bundle (b) before decontamination
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T 00PA3II0B MMOJHOCTHIO y/IaleHa OKCHIHAS TIEHKa, 00pa-
30BaBIIAsCS TIPU UX 00pabOTKE COMSTHOKHUCITIBIM PAaCTBOPOM
nzotonoB ¥Cs u “Sr.

Takum 06pa3oM, Pe3yJibTaTbhl IKCIEPUMEHTOB, T10JIY-
YeHHbIE MPH yJIbTPa3BYKOBOH /I€3aKTHBAINN MCKYCCTBEH-
HO 3aTrPsSI3HEHHBIX METAIIMIECKUX TPYO 1 (hparMeHTa yexaa
nns OTBC Ha ycTaHoBKe yJIbTPAa3BYKOBOM /I€3aKTUBAIINH,
MOJKHO OI[€HUTD KAK TO3UTUBHBIE,

B xo/1e uCTBITAHUI ONTUMU3UPOBAHBI COCTABBI JIE3AK-
TUBMPYIOLIUX PACTBOPOB M PEKUMbI YJIbTPa3ByKOBOH 00-
paboTku 06pasIoB, pelieHa TpobaeMa MeHooOpa3oBaHMsL.
BoisicHUIM OnTUMaJIbHble Pa3Mepbl (HDPArMeHTOB YEXJIOB
st OTBC, nomuteskaninx o4ncTKe.

OrpeziesieHbl  HATIPABJIEHUST  YCOBEPIIEHCTBOBAHUS
KOHCTPYKIIMU ycTaHOBKW. [IpeiioxkenHoe wu3MeHeHue
KOHCTPYKI[MH y3J1a 3arPy3KH YCKOPUT U YIIPOCTUT pa3me-
IIeHIe [e3aKTUBUPYEMBIX 00Pa3IOB, PACIIMPUT UX aCCOP-
TUMEHT W TIOBBICUT PaJMallMOHHYI0 GE30MacHOCTh 06CTy-
JKUBAIOIIETO TIePCOHAIA.

[IpeiosxkeH TOPSIIOK  MOATOTOBKUA — METAJLTHYECKUX
OTXOJIOB K JI€3aKTUBAIMH, OINPEAEJSAIONIUI T0cae10Ba-
TEJILHOCTD TIPOBE/IEHUS] IO3UMETPUUYECKUX U PAIUOMETPU-
YeCKUX U3MEPEHUII C I[eJIbI0 OIEHKU COOTHOIIEHUS BUIOB
3arpsI3HEHNUsT U JIO30BBIX HATPY30K HA MEPCOHAL.

[TosryueHHbIe Pe3yJIbTATHI MOKHO PACCMATPUBATH KaK
MEPBBIN IIAT HA MYTH CO3/[AHUST ABTOHOMHON yCTaHOBKH,
MO3BOJISIIONIEN /1€3aKTUBUPOBATH METAINYECKHE OTXO-
JIbl, B TOM 4YHCJIe U3JIeJIUsI CJIOKHOI (DOPMbI U3 HepKaBe-
I0MIe CTaju.

ITo pesyabraTam pabOThI PEATOKEHO TIPOBECTH UCTIBI-
TaHUsI HA «PEATbHBIX» OTX0/[aX — 3aTrPSI3HEHHBIX (pparMeH-
tax dexyoB st OTBC B myHKTe BpeMEHHOTO XPaHEHUS
PaaMoaKTUBHBIX OTX0A0B B TyOe AHapeesa. [Ipu mosoxu-
TEJIbHOM PE€3yJIbTaTe UCTIBITAHUI yCTaHOBKa OYIeT J0IoJI-
HEHA Y3JIOM KOHMUIMOHUPOBAHUSI BTOPUYHBIX PaUOAK-
TUBHBIX OTXO/IOB.

\

Puc. 3. Tpy6bl (a) u dpparmeHT yexna OTBC (6) nocne gesakTBaLum

enough to remove contamination by caesium and strontium nu-
clides. The decontamination coefficient for stainless steel tubes
(under various treatment modes and conditions) was from 20
to 1000, and for SFA bundle fragment from 90 to 500.

Fig. 3 shows the appearance of stainless steel tubes and
container bundle fragment after decontamination. It is visible
that the sample surfaces after decontamination are complete-
ly free of the oxidation film that had formed after treating
them with the muriatic solution of ”Cs and *°Sr.

Therefore, the results of experimental ultrasonic decon-
tamination treatment of artificially contaminated metal tubes
and SFA container bundle can be considered as positive.

The tests have enabled optimisation of the composition of
decontamination solutions and modes of ultrasonic treatment
of samples, and the problem of foam formation has been ad-
dressed. Optimum dimensions of SFA container bundles for
treatment have also been determined.

Improvements of the decontamination unit design have
been identified. The proposed design changes of the loading
system will expedite and simplify the placing of items to be
decontaminated, extend the range of decontaminable items
and improve radiation safety of personnel.

A process for preparation of metal radwaste for decon-
tamination has been proposed, which defines the sequence of
dosimetry and radiometry measurements to assess the propor-
tions of types of contamination and personnel exposure.

The results that have been obtained can be regarded as
the first step toward creating an autonomous unit that would
be used for decontamination of metallic wastes, including ir-
regular-geometry items of stainless steel.

Resulting from this work it has been proposed that test-
ing be repeated on “live” waste, i.e. on actual contaminated
Jragments of SFA container bundles from the temporary rad-
waste storage location in Andreyev Bay. Should these live
tests produce positive results as well, the unit will be amended
to include a system for conditioning of secondary radwaste.

Fig. 3. Tubes (a) and fragment of SFA container bundle (b) after decontamination
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