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BHegpeHne Ha A3C npouecca nnasmeHHo nepepabort-
Kn TBepabix PAO npeacTaBnseT TEXHONOMMUYECKU U IKOHO-
MMWYECKM BbIrOAHYIO aNbTepHATUBY CO34aHUI0 KOMMJIEKCOB
MHoOrocTaguiiHoro obpauieHua ¢ TPO Ha OCHOBe TEXHONO-
rMii CXKUraHusA, NNaBAeHUA, LEeMEeHTUPOBaHMUA, NPeccoBaHuUA
M CynepKoOMNaKTUPOBaHUA, a TaKXKe UCKNoYaeT Heobxoau-
MOCTb MOBTOPHOIO KOHAMLMOHUPOBAHUA NMPOAYKTOB nepe-
pabotku uepes 30-50 ner.

M.A. TO/IKAHOB (IYMN MocHMO «PaaoH»)
M.A. POLKANOV (Radon Moscow)

HEOOCTATKU «XONOAHbIX» U «TOPAYUX»

METOA40B NEPEPABOTKU TPO

OCHOBHble COBPEMEHHbIE TEXHONOIMU 06PaboTKN TBEPAbIX
PafVOaKTUBHbBIX OTXOA0B aTOMHbIX 3/1EKTPOCTAHLMIA BKIKOYAIOT
npoueccbl NpeaBaputenbHon nogrotosku TPO K nepepaboTke,
TaKMe KaK U3B/ie4eHme OTXOL0B U3 XPaHUAULL, ux bparmeHTUpo-
BaHMeE 1 COPTUPOBKY, a TaKKe MeToAbl TepMUYecKol nepepaboT-
KW, B OCHOBHOM, C}WFaHWA roprounx TBepaplx u xungxux PAO c
nocaeayoWmMm LLeMeHTUPOBaHNEM 30/1IbHOTO OCTaTKa.

KoHanumoHupoBaHue Heroptounx TPO npoBoantca metoaa-
MW MPeccoBaHMA U CYyNepKOMNAKTUPOBAHWUA; YNAKOBKU C KOM-
MaKTUPOBAHHBIMU U LLEMEHTMPOBAHHbIMK OTXO4AMM pa3melLia-
tOTCA HA A/INTE/IbHOE XPaHEeHUe B HEBO3BPATHbIX 3aLLUTHbIX KOH-
TeliHepax, B HWX e pa3MeLLaeTcs U YacTb OTXOA0B, He NoaBepr-
wmxcsa nepepaboTke. Bce nepeuncieHHble «X0N04HbIE» METOAbI
KOHAMLMOHMPOBAHUA XapaKTEPU3YHOTCA OTHOCUTE/IbHO HEBbICO-
KUMU KO3PPULMEHTaMUN COKpaLLeHUs obbema 0Tx040B, NO3TO-
My TpebytoT 6onbLINX NAOWALAEN M 06 BEMOB XPaHUAULL, 414 pas-
MeLLeHNA KOHANUNOHMPOBAHHbIX dopm PAO. Takue TexHoNOrmu,
He NpefycMaTpMBatoLLMe CYLLeCTBEHHbIX U3MEHEHUI 1 cTabunn-
3aUMK PUSMKO-XMMUYECKMX CBOMCTB OTXOAO0B, MO CBOEW CYyTU AB-
NAOTCA peleHnAMN, OTIOXKeHHbIMKU Ha 30-50 nert.

Tepmuyeckne metogpl obecrneynsatoT rybokyto nepepaboT-
KY OTXOZ0B W pa3spyLLueHNe OpraHUYecknx 1 BUONOrMYeckMx Kom-
MOHEHTOB, A TAK)Ke MOBbILEHWe KayecTBa NPOAYKTOB, NpeAHa3Ha-
YeHHbIX 4115 A/IUTEe/IbHOTO XPaHEHWA UK 3aXopoHeHus. Hanbonee
pacnpocTpaHeHHbIMM A/1a 0bpaLLeHMs C TOPHYMMUN PAANOAKTUB-
HbIMM OTXOZAMW ABAAKTCA TEXHONOTUWU CHUTAHWA, OLHAKO WX
rM1aBHbIM HELOCTAaTKOM AIBJIAETCA NOJIyYeHNe NIerko BblllenayunBa-
emMOro 1 MblAALLero NpoayKTa — PaMoaKTUBHOM 30/bl, KOTOpas
TpebyeT fanbHellen nepepaboTkM 1 KOHANUMOHUPOBAHUS.

Ha cxkuraHune HanpasnaoTCA TWATe/IbHO COPTUPOBAHHbIE OT-
XO4bl, HEe coAepKalume Heroptoume KOMMNOHEHTbI, KOTOPble MO-
ryT BbIBECTU M3 CTPOSA Y3/1bl NEYN CXKUTAHUA U BbITPY3KM 30/1bHOTO

Ne 1'2012

OF SOLID RADWASTE

Implementation of the plasma incineration for solid rad-
waste treatment at nuclear power plants may provide a
technologically and economically viable alternative to the
multi-stage management of solid radwaste based on incin-
eration, melting, cementation, compression and super-com-
paction technologies, and preclude re-conditioning of the
processing products some 30-50 years later.

DISADVANTAGES OF THE "COLD"

AND "HOT" METHODS OF SOLID

RADWASTE TREATMENT

The main existing technologies used for treatment of solid ra-
dioactive waste generated by nuclear stations include processes
for preliminary conditioning of solid radwaste (retrieval of the
waste from storage facilities, its fragmentation and segregation),
as well as thermal treatment methods — mainly incineration of
combustible solid and liquid radwaste with subsequent cementa-
tion of ash residue.

Conditioning of non-combustible solid radwaste is performed
by compression and super-compaction, and packages containing
compacted and cemented waste are placed for long-term stor-
age in non-returnable shielded casks, in which non-reprocessed
waste is also placed in. All these "cold" conditioning methods
provide relatively low waste volume reduction factors, thus re-
quiring large areas and capacities of storage facilities to accom-
modate conditioned waste. Such technologies, which do not pro-
vide any significant changes in physicochemical waste properties
and its stabilisation, are essentially temporary measures that de-
lay the actual solution by some 30-50 years.

Thermal methods do ensure deep processing of the waste
and disintegration of the organic and biological components, as
well as improve waste quality for long-term storage or disposal.
The most common technology employed for treatment of com-
bustible radioactive waste is incineration; however its key draw-
back is the product it generates — an easily leached and dust-
forming radioactive ash, which requires further processing and
conditioning.

Incineration plants only accept thoroughly segregated waste,
without inclusion of any non-combustible components, which
may damage incineration furnaces and ash residue discharge
equipment. Therefore, much of mixed waste, often wet and
containing small metallic parts, pieces of cabling, construction
debris, thermal insulation and dirt along with combustible com-
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ocrtaTka. Takum 06pa3om, 3HauuTebHan
YacTb CMellaHHbIX OTXOAO0B, 3a4acTyto
B/IaXKHbIX, COAEPKALLMX HapsAdy C ropto-
UMMKM KOMMOHEHTAMWU  MesiKMe MeTas-
IMYECKME AeTanun, KYCKu Kabens, cTpou-

Te/IbHbI MyCOp, TEMI0U30ALMIO, KOM-
KW 3eM/I1, HaNpPaBAAETCA Ha LLEMEeHTUPO-
BaHWe, NpPeccoBaHne MW CynepKoMMaK-
TUpoBaHue. Bce 3T KOHAULMOHMPOBAH-
Hble GOpPMbl B pesysibTaTe MocTeneHHo-
O PA3/IOKEHWUA U THUEHWSA OPraHNYECKUX
MaTepuanos TEPAIOT CBOM MPOYHOCTHbIE
KauyecTBa: HapyllaeTcAa repmeTUyYHOCTb
YyNaKoBKK, B 06beme 0Tx0408B 06pasytoT-
€A MYCTOTbl, BO3MOKHbI BbIXOZbl HAPYKY
PafMOaKTUBHbIX KOHAEHCATOB.

YCTAHOBKA «MZTYTOH»

MnasmeHHaa TexHonorusa nossonset
adpdeKTMBHO nepepabaTbiBaTb CMELLAH-
Hble OTXOAbl C/IOXKHOMO cOCTaBa C Moay-
YeHMeMm MpOoAyKTa, KOTOpbl He coaep-
YKUT OpraHuyeckne matepuasnbl U He Te-
pAeT CBOI XMMUYECKYO CTOMKOCTb U Me-
XaHMYECKyl0 NMPOYHOCTb B TeyeHue fe-
CATKOB M COTEH NeT.

OpHolt u3 Havbonee 3PEKTUBHbBIX
paspaboTok cneunanuctos MNYM MocHMO
«PafloH» ABNAETCA TEXHONOMMA MJAa3MeHHOro ckuraHna TPO
HW3KOTrOo U CpeaHero ypoBHel akTUBHOCTU. Ha npeanpusaTum cos-
OaHa W 3KCnyaTupyeTcs ycTaHoBKa «[nyToH», obecneunBato-
@A Naa3MeHHyto nepepaboTKy 0TX0A0B C/IOXKHOM Mopdonoruu
C NOJyYeHNEeM KOHAMLIMOHMPOBAHHOTO MPOAYKTA B OAHY CTa-
OMI0 U BbICOKMM KoadduuMeHTOM coKpalleHusa obbemos PAO.
CTeknonoaobHbI KOHEYHbIN NPOAYKT, MNABAEHbIN WAAK, NPUro-
[AEH AN1A 3aXOPOHEHUA UAW A/INTENBHOTO XPaHEHWA Ha NOIUTOHe
KOHAMLMOHMPOBAHHbIX PAAMOAKTUBHbIX OTXOA0B.

YCTPOWCTBO M BWA, LIAXTHOW NeYn MAasMeHHOW YCTaHOBKM
«MnyToH» npuBeaeHbl Ha puUcyHKe 1.

OpraHuyecKan 4acTb PagMOaKTUBHbBIX OTXOA40B NoABepraeT-
CA NMUPOAN3Y B MEYM LUAXTHOTO TUMA C NPOU3BOAUTENBHOCTbIO
200-250 Kr/4yac B ycnoBmusax HedoCTaTKa KUCI0pOAa, B TO Bpems
KaK MpoLecc NaaBNeHUA LWaKa NPOBOAUTCA B OKUC/IUTENbHOM
aTmocdepe, YTo cnocobCTBYET NONHOMY YHUUTOXKEHWUIO OPraHu-
YeCKMX KOMMOHEHTOB LW/aka U nosnyyeHuto 6onee oaHOPOAHO-
ro NpoAyKTa.

HarpeB nnasutena lWwaxTHoM neun go TemnepaTyp 1500-
1800°C BO3MOXKeH bnarogapsa MCMONb30BAHUIO AYroBbIX Mias-
MOTPOHOB MOCTOAHHOIO TOKA, paspaboTaHHbIX Ha MY MocHMNO
«PapoH». Ha pucyHke 2 npeacTaBieHbl paspes U NiasMmeHHbIN
daken paboTatoLLero naasmoTpoHa.

MnaBneHbI Wnak (puc. 3) npeacrasnset cobon 6asansTono-
[OGHbI MOHONUT, FOe COAep’KaHue OKcuAaa antoMUHUA OOCTU-
raeT 28% mac., okcuaa KpemHua — 1o 56% mac.; okcuaa HaTpus
— ot 2,5% mac. 8o 11% mac. B matpuue wnaka HagexHo GUKcu-
pYOTCA PagMOaKTUBHbIE M30TOMbI, @ TAKXKe OKCUAbI TAXKENbIX Me-
Ta/NI0B, TAKMUX KaK CBUHEL,, HUKe/b, Mefb, LMHK U T.A.

MnoTHOCTb Wnaka coctasnseT 2,5-3,5 r/cm. OH aBnsetca
Ypes3BblYaMHO YCTOMUYMBBIM K XMMUYECKOMY BO3AENCTBUIO Ma-
Tepuanom (cm. Tabauuy). CKOpPOCTb BbILLENAYMBAHUA U3 LLIAKA
B BOAY HAaTPWA, OGHOTO M3 CaMblX KMOABUMKHbBIX» 3/1EMEHTOB, B
cpegHeM Ha NopAfOK HUXKe NoJobHOoro nokasatens asia 6opo-

1 —y3en 3arpysKku

2 — waxTa

3-nopg

4 — BOKC Npuema Lwnaka
5 —nnasmoTpoH

6 —y3en canBa LWnaka

7 — BbIXOg, Nuporasa
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Puc. 1. YCTpOWCTBO M BMA, LLIAXTHOM NeYn YCTaHOBKM
«Mnyton» / Fig. 1. Design and appearance of the
shaft furnace at "Pluton" facility

WA

1—loading unit

2 —shaft

3 —smelter

4 —slag receiving unit

5 —plasmatron

6 —slag discharge unit

7 — pyrolysis gas exhaust

ponents, has to be sent to cementation, compression or super-
compaction. All these conditioned forms, as a consequence of
continuous rotting and decomposition of the organic materials,
tend to lose their strength, resulting in package breach, forma-
tion of voids in the waste, with potential releases of radioactive
condensates.

"PLUTON" TECHNOLOGY

The plasma technology is an effective means for processing
mixed waste of complex compositions with the resulting prod-
uct that does not contain any organic materials, does not lose its
chemical stability and mechanical strength over tens and hun-
dreds of years.

One of the most efficient recent developments by Radon
Moscow is the plasma incineration technology for low and
intermediate-level solid radwaste. Radon has built and is op-
erating the so-called "Pluton" facility, which performs plasma
processing of complex waste with the resulting conditioned
product made in single stage and with a high waste volume re-
duction factor. The glass-like final product, molten slag, is suit-
able for disposal or long-term storage at a conditioned radioac-
tive waste repository.

Design and appearance of shaft furnace of the "Pluton" plas-
ma facility are shown in Figure 1.

The organic part of radioactive waste is subjected to pyrolysis
in a shaft furnace with 200-250 kg/hour capacity under of oxy-
gen-deficient conditions, while the melting of slag is done in an
oxidising environment, facilitating complete destruction of any
organic components present in the slag and making a more ho-
mogeneous product.

The shaft furnace smelter can be heated to temperatures
of 1,500-1,800°C thanks to the application of direct-current arc
plasmatrons, developed by Radon. Figure 2 shows a cross-sec-
tion and plasma flame of an operating plasmatron.

Ne 1'2012
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Puc. 2. MnasmeHHbI CTOYHMK HarpeBa — NAasMmoTpoH / Fig. 2. Plasmatron — a plasma heat source

CUJIMKATHbIX CTEKO/ M HA ABA-TPU NOPAAKA HUXKE, YEM Y LLeMEHT-
HbIX MaTpuL,. CKOPOCTb BbIWENauYMBaHUA BONbLUMHCTBA APYIUX
31E€MEHTOB, B TOM YMCE TAXKEbIX META/I/IOB, eLle HUXKe, N03TO-
MY NOAOOHbIN LINAKOBbIM KOMMAyHA MOXKHO PacCMaTpMUBaTh Kak
OZLHO M3 CaMbIX COBEPLUEHHbIX CPEACTB KOHCepBaLUmM pagnoak-
TUBHbIX 3/IEMEHTOB Y HEOPraHMYECKMX TOKCUKAHTOB.

MpuemHble KOHTEMHEPDI CO LWIAaKOBbIM KOMMNayHAOM 3arpy-
JKAKOTCA B HEBO3BPATHbIE 3aLUMTHO-TPAHCNOPTHbIE KOHTEMHEPDI
M Pa3MeLLatoTCA Ha MNONIUIOHe A0/NTOBPEMEHHOMO XpaHEHUA KOH-
AMUMOHMPOBaHHbIX dopm PAO B HayyHO-NpoM3BOACTBEHHOM
komnnekce YN MocHMO «PagoH».

YN MocHMO «PagoH» nonyumn paspeweHme denepanbHom
CNYKObl MO 3KONOTMYECKOMY, TEXHOJIOTMYECKOMY U aTOMHOMY
Haz3opy P® Ha nepepaboTKy TBEPAbIX PAANOAKTUBHbIX OTXOLOB
HU3KOro U CpeHero ypoBHel aKTUBHOCTM MIa3MeHHbIM MeTo-
nom B 2007 roay, n ¢ 2008 roga Ha ycTaHOBKe «[11yTOH» BeaeTcA
nnaHosas nepepabotka TPO.

Ha nepepaboTky NpuHUMalOTCA TBEpAble PagMOaKTMBHbIE
OTXOAbl CMeLLaHHOro T1na, 61n3Kkne No mopdonorMyeckomy co-
cTaBy TPO aTOMHbIX 3N1€KTPOCTaHUMIA. Hapaay ¢ roptounmm ma-
Tepuanamu (bymaroi, ApeBeCUHON, TEKCTUIEM, KOXeW, Noau-
mepamu) nepepabaTtbiBaemMble 0TX04bl BKAOYALOT A0 30-40% He-
rOpPIOYMNX KOMMOHEHTOB (CTPOUTENIbHOrO Mycopa, CTeKna, rpyH-
Ta, WNa, METAaNNMYeCKOro CKpana, TenJIOU30NALMOHHbIX MaTe-
puanos v 1.4.). CymMapHas BNAXKHOCTb OTXOZLOB MOXET LOCTU-
ratb 40% npu BNAXKHOCTU COAEPKMMOTO OTAENbHbIX YMAaKOBOK
00 90%. YaenbHaa akTMBHOCTb TPO, NpUHMMaeMbIx Ha Tepmuye-
CKylo nepepaboTKy, OrpaHNYMBAETCA, COMIACHO YC/IOBUAM AeW-
CTBUA IMLEH3MM, 3HaYeHMAMM 2,2*%10° BK/Kr No a-m3sanydatomm
paguoHykanaam u 3,7+*10° BK/Kr no B-usnyyatoWwmm paamoHy-
KAnpam.

B 2009-2011 rogax niasmeHHbIM METOAOM B LLUAXTHOM neyn
YCTaHOBKM «[ayTOH» 6bian nepepaboTaHbl Takne «HeyaobHble»
ONA APYrMX BbICOKOTEMMNEPATYPHbIX TEXHONOMMIN OTXOAbI, KaK aK-
TUBMPOBAHHbIW Yro/ib, HEOPraHWYeckrue copbeHTbl U JOHHbIEe OT-
NOMKEHUA (MNbl), BbIFPY)KEHHbIE M3 annapaToB o4McTKM PO U
CHOPHUKOB CTOKOB CUCTEMbI CMELLKAHANN3ALMU. DTN BUIbI OTXO-
0B XapaKTePU3YHOTCA BbICOKMM cofepiKaHvem Bnaru (oo 90%), B
CYXOM OCTaTKe MN0B 4,017 OPraHNYeCcKnx BeLLecTs gocturana 50%.

MnasmeHHbIM METOAOM YCrelHo nepepabaTbiBatoTcA paHee
noanpeccoBaHHble CMELIaHHble OTXOA4bl NOC/Ae W3BAEYEHUA U3
Tapbl U NepeynakoBKM B KpadT-MeLLKK, a TaKXKe OTXOAbl, NoABepr-
LUMEeCA CYynepKOMMNAKTUPOBAHUIO B META/I/IMYECKOM YNaKOBKe.

Mpobnema nepepaboTKM NepeyncieHHbIX Bbille BUAOB pa-
[OMOAKTUBHbIX OTXOA0B BeCbMa aKTyasbHa ANA AaTOMHbIX 3/1eK-
TPOCTaHUMW. MNasmeHHaa TeXHOMOrMA cnocobHa B 3HaYUTENb-
HOM CTEMEHU CHU3UTb ee OCTPOTY.

Ne 1'2012

Molten slag (fig. 3) is a basalt-like monolithic material
with aluminium oxide content up to 28%, silicon oxide up to
56%; sodium oxide from 2.5% to 11% ( all - by percentage of
weight). The slag matrix securely fixes radioactive isotopes,
as well as oxides of heavy metal, such as lead, nickel, copper,
zinc, etc.

The slag's density is 2.5-3.5 g/cm?. It is extremely resistant to
chemical impacts (see table). The slag’s leaching rate of sodium,
one of the most "mobile" elements, into water is on average by
an order of magnitude lower than of borosilicate glass and two
or three orders of magnitude lower than of cement matrices. The
leaching rate for the majority of other elements, including heavy
metals, is even lower, making this slag compound probably one
of the best ways for conservation of radioactive elements and
non-organic toxicants.

The receiving containers loaded with the slag compound are
placed into non-returnable shielded transport casks and shipped
to the long-term repository for conditioned waste at Radon.

Radon has obtained permission from the Russian Federal
Service for Ecological, Technological and Nuclear Regulation to
perform processing of low and intermediate level solid radioac-
tive waste using the plasma method in 2007, and has since 2008
been performing regular solid radwaste processing activities us-
ing the "Pluton" facility.

The solid radioactive waste accepted for processing includes
mixed types that are close in their morphologic composition to
the solid waste produced by nuclear power plants. Along with
combustible materials (paper, wood, textiles, leather, polymers)
processable waste includes up to 30-40% of non-combustible
components (construction debris, glass, dirt, silt, scrap metal,
thermal insulation materials, etc.). The total dampness of the
waste may be as high as 40% with dampness of the contents of
individual packages up to 90%. The licence limits specific radio-
activity levels of solid radwaste accepted for thermal processing
to 2.2%10° Bg/kg for a-emitting radionuclides and 3.7%10° Bg/kg
for B-emitting radionuclides.

During 2009-2011, the "Pluton" facility processed “inconve-
nient” for other high-temperature technology activated char-
coal, non-organic sorbents and bottom sediments (silts) removed
from liquid radwaste treatment facilities and drain sewer collec-
tors. These waste types have a high moisture content (up to 90%)
while the share of organic substances could be as high as 50% in
the dry silt residue.

The plasma method has successfully been used on pre-
compressed mixed waste after removal from their packages and
placement into Kraft bags, as well as pre-super-compacted waste
in metallic packages.
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NMPEUMYLUECTBA NAA3SMEHHOM TEXHONOTUN

Mpaktuka NYMN MocHMNO «PagoH» nokasbiBaeT, YTO yaenb-
Hble KanuTasibHble 3aTpaTbl Ha CO3aHue NoA06HOM YCTaHOBKM
W 3KCNyaTauMOHHbIe pacxoabl Ha nepepaboTky PAO niasmeH-
HbIM METOAOM (Ha eauHMLY Maccbl nepepabaTbiBaeMbIX OTXO-
[00B) 32 CYET BbICOKOW NPON3BOAMTENbHOCTM NAa3MEHHOM yCTa-
HOBKMW He MPeBbILAtOT 3aTpaT Ha CKuraHue. Mpun 3TOM yCTaHOB-
Ka cnocobHa nepepabaTbiBaTb OLHOBPEMEHHO OTXOAbl, NOCTY-
natoLime Ha CKUraHue, naaBaeHne, NPeccoBaHne U Cynepkom-
nakTuposaHue. MNnasmeHHan nepepaboTtka TPO MCKAtOYaET TaK-
»Ke CTaguio LeMeHTUPOBaHMA NpoayKTa cxuraHna PAO — 30nb-
HOro ocTaTKa.

MnasmeHHaa TexHonorua obecneymBaeT BbICOKME KO3PPU-
LUMEHTbI COKpaLLleHUs obbema cMeLlaHHbIX 0TXo408B. lMocne pas-
MelLLeHNA NPOAYKTa B HEBO3BPATHbIX 3aLUTHbIX KOHTEMHepax B
XPaHUAULLAX KOHAULMOHMPOBAHHbIX dopm TPO Ha ponrospe-
MEHHOEe XpaHeHWe CooTBeTCTBYoWME KO3dPULMEHTbI BapbUpy-
loTCA B gManasoHe oT 25 go 40, Torga Kak BeCb KOMMAeKc one-
paLmMii NO CKUTaHUIO, LEMEHTUPOBAHWUIO, MPECCOBaHMUIO U cynep-
KOMMaKTUPOBAHMIO OTXOA0B CMeLIaHHOM MopdoaorMm faeT Ko-
addnumMeHTbl cokpaweHna obbema 4-8. YUuTbiBas KOHEYHbIN
06beM NPoAyKTOB NepepaboTKM 1 CBA3AHHbIE C 3TUM KanuTa/ib-
Hble M 3KCM/IlyaTaLMOHHble 3aTpaTbl HA XpPaHEeHWe KOHAMLMOHMK-
POBaHHbIX OTXO40B, Nia3meHHas nepepaboTka TBepabix PAO
ctaHoBuTCA B 1,5-2,5 pasa BbirogHee MHOrocTaanimHom nepepa-
60TKKN TPO € MCNONb30BaHNEM MPOLECCOB CHUMAHUA, LEMEHTU-
POBaHMA N KOMMNAKTUPOBAHWUA OTXOA0B.

LLIMpOKMIA CNEKTP OTXOA0B, NPUHMMAEMbIX Ha nNepepaboTy,
N O4HOCTAaAMMHBIN NPOLECC NOMYYEHUA NPOAYKTA, NPUrOAHOro
ONA [AVNTENbHOTO XpaHeHUa, onpeaenatoT NpeMmyL,ecTsa naas-
MEHHOro MeTo4a NO CPABHEHUIO CO CUTAHUEM.

MprvmeHeHre NNasMeHHO-NUPOAUTUYECKOrO MeToda nepe-
pabOTKM PafMOaKTMBHbBIX OTXOAOB B LIAXTHOW neyn Hambonee
3KOHOMMYECKN OMNpPaBAAHO Ha aTOMHbIX 31EKTPOCTaHUMAX, rae
cebecToMmMOoCTb 3/1eKTPO3HEPTUN HEBbICOKA. BAo6aBOK ee BHe-
OpeHME NOBbLIWAET HE TObKO 3KOHOMMUYECKY 3PPEKTUBHOCTD,
HO M 3KOMOTMYEeCKyto 6e30MacHOCTb 0bpaLleHus C pagmMoaKTUB-
HbIMW OTXOZAMU Pa3NYHON Mopdoioruu.

Tepmunyeckas nepepabotka PAO conpoBoxkaaeTca obpaso-
BaHMEM AbIMOBbIX Fa30B, COA4EP KaALLMX, HAapAay C
PagVOaKTUBHBIMM a3pP0301AMKN, HEOPTraHUYECKNe
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Puc. 3. lnak B npuemHbIx KoHTelHepax / Fig. 3. Slag in receiving containers

The problem associated with processing of these radioactive
waste types is very acute at nuclear plants. The plasma technol-
ogy can provide a considerable relief to this problem.

ADVANTAGES OF PLASMA TREATMENT

Radon’s practical experience demonstrates that due to the
plasma plant's high production capacity, specific capital costs to
build a similar plant and operational costs to process radwaste
(per unit of mass of waste to be processed) would not exceed
those for incineration. At the same time, the plant is capable of
simultaneously processing waste that would otherwise be treat-
ed by incineration, melting, compression and super-compaction.
Plasma processing of solid radwaste also excludes a stage for
cementation of the radwaste incineration final product — ash
residue.

Plasma treatment ensures high values of volume reduction
factors for mixed waste. After placement of the final product
in non-returnable shielded casks in solid radwaste repositories
for long-term storage, the corresponding factors vary within
25 to 40, whereas the entire set of operations to perform in-
cineration, cementation, compression and super-compaction
of mixed waste provides volume reduction factors of only 4 to
8. Taking into account the final volumes of processing product
and associated capital and operational costs for conditioned
waste storage, plasma processing of solid radwaste becomes
1.5-2.5 times more economic than multi-stage solid radwaste
processing using the waste incineration, cementation and
compaction.

The wide range of accepted waste and single-stage nature of
the process ensure that the plasma method is favoured over in-
cineration.

Application of the plasma-pyrolytic method for radioactive
waste treatment in a shaft furnace is most economic at nuclear
power plants, where electric energy is readily available and its
cost is low. In addition, its introduction would improve not only
economic efficiency, but also environmental safety for manage-
ment of complex radioactive waste.

Thermal processing of radwaste is accompanied by genera-
tion of combustion gases, which contain, along with air-borne
radioactive particles, harmful non-organic chemical substances

XAPAKTEPUCTUKN XMMUYECKOM CTOMKOCTU LUNAKOB

CHEMICAL RESISTANCE CHARACTERISTICS OF THE SLAG

BPeAHble XMMMYECKME BELLECTBA M OpraHuyeckue
TOKCMKaHTbI. Kak MoKasblBaeT mpaKTMKa sKcrnaya-
TaLMK, yCTaHOBKa Nna3meHHoW nepepaboTkm TPO
«MayTOH» OKa3blBaeT MeHbluee BO3AelCTBME Ha
OKPY*KaloLLYIO Cpesly Mo CPaBHEHWIO C YCTaHOBKOM
CKUraHMA OTXOLOB B KAMepPHOW neyu.

KomnoHeHT / Component

CKOpOCTb BbiLLENaYMBaHmA, r/cm’*cyT
Leaching rate, g/cm*+day

[ons sblwenoyeHHoro KomnoHeHta (100 cyTok), %
Share of leached-our component (100 days), %

Na+ ¥7Cs #Pu
(2-3)+10°  (0,3-5)x10° (0,8-2)*107
11 0,61 0,008

BE3OMACHOCTb AZEPHbIX TEXHONOTUI U OKPYXKAIOLLLEEN CPEAbI
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OBPALLEHWME C PAO

I RW MANAGEMENT

B pesynbtaTe uccnenosBaHuin, BbinoaHeHHbIX MY MocHMO
«PagoH» coBmecTHO ¢ HMO «TadyH», ycTaHOBNAEHO, YTO B NU-
PONUN3HBIX ra3ax Ha BbIXOAE NNa3MEHHOW LLIAXTHON Neyn KOHLEeH-
TPauMA NOAMXIOPUPOBAHHBIX ANBEH30-N-AUOKCUHOB U ANbeH-
30¢ypaHos (NXA4/NXAP), B nepecyeTe Ha TOKCMYECKUIA IKBUBA-
NneHT (TI), B cpeHeM, B NATb pa3 MEHbLUE, YEM B AbIMOBbIX ra3ax
Ha BbIXOZe KAMEPHOM MeUn CHUraHUA OTXOAO0B.

CoaepskaHve cymmbl MXAA/NMXAP B oTXO4AWMX rasax Ha
BbIXOAE CUCTEMbl Fa3004YMCTKU YCTAHOBKWU «[lNyTOH» He npe-
Bblwano 0,014-0,02 Hr/m? T3, UTO NMPUMEPHO B NATb Pa3 HUKe
eBPONencKoro HopmaTMBa A/A YCTAaHOBOK CXWMFaHWA OTXOJ0B.
KoHLIeHTpaLMA TAXKENbIX METANI0B B TEXHOIOTMYECKMX Fa30BbIX
Bblbpocax B aTMocdepy TakxKe 6blna HWXKEe HOPMaTUBOB, YCTa-
HOBJIEHHbIX B CTpaHax 3anaaHol Esponbl.

* ok k

Takum o6bpa3om, BHegpeHMe MIa3MEHHO-MUPOIUTUYECKON
TEXHO/IOTUWN ANs NepepaboTKM TBEPAbIX PafMOAKTUBHbLIX OTXO-
£o8 ASC NOMOKET NOBbICUTb 3KOHOMMUYECKYIO 3PPEKTUBHOCTD
obpaleHus ¢ PAO, umetowmmmn pasHoobpasHyto mopdonoruio,
3a CYET 3KOHOMMMU 0bbeEMA XPAHWUAULL, OTXOL0B M YMEHbLUEHUSA
Konunyectsa 060pynoBaHUA U onepaumii KOHAULMOHUPOBAHUS,
a TaKKe No3BoAuT pasmellats PAO Ha ANuTeNIbHOE XpaHEeHMWE ¢
obecneyeHrem 6€30MaCHOCTN OKPYrKatoLLEen cpeapl.

MnasmeHHas TEXHONOTMA He TONbKO pelaeT npobnemy
BHOBb 06Pa3yOLLMXCA IKCMNYaTALMOHHbIX OTXO408B, HO U 0be-
cneymBaeT ryboOKylD Tepmuyeckyto nepepaboTky paguoak-
TUBHbIX OTXOA0B, HAaKOMNEHHbIX PaHee N KOMMNaKTUPOBAHHbIX
B MeTa//In4yeckmx boukax, ocBobOXK4asA MecTo ANA XpaHeHUs
TPO.

and organic toxicants. As demonstrated by practical operational
experience, the "Pluton" plasma solid radwaste processing plant
produces lesser environmental impact as compared to a waste
incineration facility with a box furnace.

Joint research by Radon Moscow and RPA "Typhoon"
(Obninsk) has established that pyrolysis gases exiting the plasma
shaft furnace contain concentrations of polychlorinated dibenso-
p-dioxins and dibenzofurans, which in Toxicity Equivalent are on
average five times less than those in combustion gases at the
outlet of a box furnace for waste incineration.

The total contents of polychlorinated dibenso-p-dioxins and
dibenzofurans in exhaust gases exiting the gas treatment sys-
tem of the "Pluton" facility did not exceed 0.014-0.02 ng/m3 in
Toxicity Equivalent, which is approximately five times less than
the European standard for waste incineration facilities. The con-
centration of heavy metals in technological gas releases into
the atmosphere was also below the standards set in Western
European countries.

* k %k

Accordingly, introduction of the plasma-pyrolytic technology
for treatment of NPP-generated solid radioactive waste will help
improve economic efficiency of complex radwaste management
by decreasing storage space, conditioning equipment and opera-
tions, as well as provide environmental safe long-term disposal.

The plasma technology not only resolves the problem of
newly generated operational waste, but also provides deep ther-
mal processing of "legacy" waste and waste compacted inside
metallic drums, leaving more space available for storage of solid
radwaste.
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