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CYLLIKA PO HA MTOJIMMEPHbBIX MATEPUANAX

LIQUID RADWASTE DRYING ON POLYMER MATERIALS

10.B. KAPJIUH, 0.x.1.,

10.T. CIACTEHHUMKOB,

M.A. MAPAXIH,

[0.T. MSICHUKOB, x.m.i (I'YII MocHIIO «Padon»)

® Ha tepputopun Poccuiickoii Oepepauun HakonneHo
0K010 600 MJTH T >KUAKNX pagnoaKkTUBHbIX 0Tx080B (FKPO)
o6L1eit akTUBHOCTbIO 0Kono 3,6x10" bk.

Kak npaBuno, *KPO KOHLEHTPUPYIOT C NOMOLLbI0 MeM6paH-
HbIX UAN JUCTUWINALUOHHDBIX (TepMUYecknux) meTonoB,
3aTeM PagUoHYKNUAbI UMMO6UNU3YI0T B TBEpAYI0 MaTpu-
uy. O4HUM U3 NepCcneKTUBHbBIX CM0C060B KOHLEHTPUPOBa-
HUA MOXeT CTaTb CyLUKa.

BbIMAPUBAHUE UNTW CYLLKA?

CyIiika 1pu TeMIepatype HUKe TOUKU KUIEeHWsT — Tep-
MUYECKUI METOJ, T0Ka He HAIIe[IINi MPAKTHIECKOTO
npuMeHeHus:. MeXay TeM, TaKuM CITOCOOOM I1eJeco06-
pasHo obpabateiBath JKPO, He comep:aiiie JETyYnx
PaIMoOaKTUBHBIX puUMecell. BakHO OTMETUTD, YTO M3-3a
orcyTcTBUsT (ha3bl KUIEHUST KANEJTbHBIA U a9PO30JIbHbIH
YHOC PaJMOHYKJIMIOB OynerT He3HayuTelbHbIM. Pabouee
nasjenue, 6J1u3Koe K aTMOC(hEPHOMY, IIO3BOJUT CHMU-
3UTh METAJJIOEMKOCTb YCTAHOBKH, & HU3Kasl TeMIIepaTypa
mporecca — MPUMEHATh B KOHCTPYKIIMHU alapaTyphl
nosuMepsbl. Vcrosbp3oBanue HEIOPOTUX MaTepPHUAIOB
He moTpebyeT orpaHUYEHU 110 COAEPKAHUIO B TIEpe-
pabaThiBAaEMOM pacTBOpE B3BecCeil ¥ MOBEPXHOCTHO-
AKTUBHBIX BEIECTB.

ITo npeaBapuTeIbHBIM OllEHKAM, 3ATPATHI TEIJIOBOU
sHepruu Ha 1 JT McIapeHHOU BOJBI COCTABJSIOT OKO-
go 1 kBr. [Ipumenenue s Cylniku TENJI0BOTO Hacoca
1 3aMKHYTOTO BO3YITHOTO KOHTYpa OyeT ete 6oiee
3P PeKTUBHBIM: PACXO/ 3JIEKTPOIHEPTHUH IO CPABHEHHUIO
¢ MPSMBIM HCTIAapeHWeM COKpaTuTcs B 2 pa3a. Kpome
TOTO, UCIIOJb30BAHNE 3AMKHYTOTO KOHTypa He TpebyeT
CHCTEMBI TAa300UHUCTKU.

Takum 06pa3oM, CylKa UMeeT Psii IPEUMYIIECTB Te-
pell APYTUMY TEXHOJIOTUSIMU KOHI[EHTPUPOBAHUS U MO-
JKET CTaTh TOJIE3HBIM J0MoHeHneM K HuM. Hampumep,
3TUM CIOCOOOM MOXKHO 0O6pabaThiBaTh KOHIIEHTPAT, 006-
pasoBaBIIMiics B pe3ysbraTe paboThl YyCTAaHOBKU 06pat-
Horo ocmoca (YOO). Ha YOO mpousBOAUTETHLHOCTHIO
1 m®/9 npu mepepabotke KPO c comecomepkanmem
2-10 v/ obpasyercs 40-60 11/4 pacTBopa (KOHI[EHTpa-
s coseit — 50-80 /). [last yMeHpleHust ero o6bemMa
B 5-6 pa3 BbImapuBaHueM otpedyercst 0kos10 35 KBT anekTpo-
JHEPIHH, & METOJIOM CYIIKH C IPUMEHEeHNEeM 3aMKHYTOTO
BO3/IYIIHOTO KOHTYpa — Bcero 15 kBT.

K BO3MOKHbBIM OTPAaHUYEHUSIM TEXHOJIOTUU MOKHO OTHEC-
TH OTHOCHUTEJIHO HEBBICOKYIO CTEleHb KOHIIEHTPHUPOBAHUS
orxonos (200-300 r/n1) BcienCTBHE HU3KON TEMIIEPaTyph
MPOIECca U HEBBICOKOE 3HaueHune KoathhUIeHTa BIAarooT-
npaun (oxosio 1 j1/4/m?). Ho 1ipu MCIOJIb30BaHUK JTAaHHOTO
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W [n the Russian Federation there are approximately 600
million tonnes of liquid radioactive waste with total activity
of about 3.6x10" Bgq.

Normally, liquid radwaste is concentrated using diaphragm
or distillation (thermal) treatment technologies, after which
radionuclides are immobilised into a solid matrix. But there
is another promising concentration technology - drying.

EVAPORATION OR DRYING?

Drying under temperatures below boiling point is a ther-
mal treatment method that has not yet found its way into
practical application. Meanwhile, this method would seem quite
appropriate for liquid radwaste that does not contain volatile
radioactive additives. It is important to note that as there is no
boiling, transfer of radioactive droplets and airborne particles
will be negligible. Operating pressure close to atmospheric levels
reduces the quantity of metal required to build the drying unit,
while low temperatures make it possible to use polymers in
the unit’s structure. Additionally, the application of low-cost
materials will help avoid limitations on the content of suspended
and surface-active substances in the processed solution.

According to preliminary estimates, heat consumption per
production of 1 litre of evaporated water will equal to about
1 kilowatt. The application of a thermal pump and a closed air
circuit in the drying process will make it even more efficient: po-
wer consumption would be almost half that of direct evaporation.
In addition, a closed circuit does not require gas purification.

Thus, drying has a number of advantages over other con-
centration technologies, and may become a useful addition
to the process. For instance, it may be used to process the
concentrate generated by a reverse osmosis plant. A reverse
osmosis plant with 1 m?/hour output used to demineralise
radwaste con-taining 2-10 gram/litre of salt generates
40-60 litres/hour of brine (salt concentration 50-80 gram/litre).
To reduce it to about one fifth or one sixth of the original volume
by evaporation, about 35 kilowatt of electric power would be
required, while a closed-circuit air drying system would only
consume 15 kilowatt for the same volume reduction.

Potential limitations of this technology include a relatively
low degree of waste concentration (200-300 gram/litre) due to
low process temperature and a low moisture removal coefficient
(about 1 litre/hour/m?). However, as long as the technology
is used in a low-output mobile installation, these limitations
would be considered insignificant.

BENCH TEST INSTALLATION OF MOSCOW RADON

To study the drying concentration technology, SUE SIA
Moscow Radon assembled a mobile bench test installation
with an output level up to 10 litre/hour. Its main structural
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criocoba B MOOMIBLHOM yCTaHOBKE HEOOJIBIION ITpOU3BOAN-
TE€JIbHOCTH 3TN OrpaHUYECHUA 6yI[yT HECyIECTBEHHbIMHU.

CTEHA0BAAl YCTAHOBKA MOCKOBCKOI'0 <PAJJOHA»

[list M3ydyeHUsST TEXHOJOTUM KOHIEHTPUPOBAHUS
pPacTBOPOB C MCHOJIb30BAHMEM IIPOIleCCa CYIIKH Ha
T'YII MocHIIO «Pajon» co3gana crengoBast MOOUIIb-
Has yCTAaHOBKA IPOU3BOAUTENbHOCTDHIO 10 10 /4. Oc-
HOBHBIM 2JIEMEHTOM €€ KOHCTPYKIIUU SIBJSIETCS Tell-
JIOBOI1 Hacoc (ajiekTpuyeckass MomHocTs — 2250 Br,
ternsoBas — 5000 Bt). OH co3maH Ha 0CHOBE OBITOBOTO
OKOHHOTO MOHOOGJOYHOTO KOHIUIIMOHEPA, B KOTOPOM
M3MEHEHO HallpaBJieHUe BO3YIIHOTO MoToKa. Pacxon
BO3/yXa B paboueM KoHType yctaHoBkr — 800-1000 M3 /4,
€ro MUPKYJISINUSA 06€CTIEeUNBAETCS 38 CUET MCTOAb30-
BaHUS BEHTUJSITOPA.

Bosnyx, mpoxoxns depes ropsuuii paauatop (KoH-
JIEHCATOP) HAacoCa, HarpeBaeTCs M IMOCTYIMaeT B Cy-
MUJBHYIO KaMepy, Thne Hacbimaetcsa Biaroil. Ilaps
KOHJEHCUPYIOTCS B XOJOAHOM pajuarope (UcCIapuTee)
TEIJIOBOTO HACOCa.

B cymuabHOli kamepe, Ha TOAJOHE C IPEHAXKEM,
pacroJjioskeHa 060pyIoBaHHAS KOJIJIEKTOPOM sl pac-
npejieJieHUsT PacTBOpPa KacceTa M3 YeThIpeX HCHapwu-
TeJbHBIX GJTOKOB, 3aKJIIOYEHHBIX B PAMKY U3 OPrcTEKIa
u MetaJita. Kaxasiit 60k nmpencrasasieT coboii c6op-
Ky mpo(pUINPOBaHHBIX MOPHUCTHIX miaactud Y BII-51,
M3TOTOBJIEHHBIX M3 MOJUMEDPHOro Martepuasa (MOJIH-
aTusena). biok HakamamBaeT COJU U B3BelIeHHbIE
YACTHIIB 10 KOHIleHTpanuu 6omee 150 kr/m3 a 3atem
ero jinbo yaauasior Ha 1nepepaboTKy MeTOLaMu Ipec-
COBaHMs, IEMEHTUPOBAHUS MJIU CXKUTaHUs, TubO pe-
reHepupyioT (IIpoMbiBaioT). Paccos KoHIleHTpaluu
150-300 1/ MOKHO LIEMEHTUPOBATh.

O61nit 06bem 60K0B — 12 AM?, yaebHast IIOMALb
MMOBEPXHOCTH McnapeHus maactud — 10 1000 M2 /M3 .

IKCNEPUMEHTbI HA UMUTATOPAX

W PARMOAKTUBHbIX PACTBOPAX

Ycranoska ['YII MocHIIO «Panon» nepBoravaibHO
OblTa MCTIBITAHA HAa MOJETbHBIX pacTBopax. IIpu cyrmke
JIMCTUJIITMPOBAHHOM BOJIBI IOCTUTHYTA IPOU3BOJUTE b-
HOCTD 8,5 J1/4, pacxoz Bo3ayxa coctaBuu 770 Kr/4, a ero
CPe/IHsIsl OTHOCUTEJIbHAS BJAAKHOCTH — 92% (abcoJrior-
Has — 28,5 /KT cyxoro Bo3ayxa). B mpomecce ucmnape-
HUSI PACTBOPA XJIOPHJIa HATPUS IOKA3aTeJN CHU3UJINCH,
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McnaputenbHblii 6nok cteHaoBoi yctaHoBky Y MocHIMO «PagoH»
The evaporation unit of the bench test installation of SUE SIA Radon

element is a thermal pump (electrical power 2250 watt, thermal
power 5000 watt). It was built on the basis of a regular house-
hold single-unit air conditioner, where the air flow direction
was changed. Air flow rate in the circuit is 800-1000 m’/hour;
air circulation is maintained by a fan.

The air is heated as it flows through the pump’s hot
radiator (condenser); then it comes to the drying chamber
where it saturates with moisture. The vapours are condensed
in the cold radiator (evaporator) of the thermal pump.

In the drying chamber, on a drain-equipped tray
there is a cartridge of four evaporation units with a header
to distribute the solution, enclosed in a frame of organic
glass and metal. Each evaporation unit is an assembly of
Jormed porous UVP-51 plates made of a polymer material
(polyethylene). The units accumulate salt and suspended
particles to a concentration level above 150 kg/m’, and
then they are either removed for disposal by compaction,
cementation orincineration, or recycled (flushed). Brine with
a concentration level 150-300 gram/litre can be cemented.

The total volume of the evaporation units is 12 dm’,
specific evaporation area of the plates up to 1000 m?/m’.

EXPERIMENTAL TESTS ON SIMULATORS

AND RADIOACTIVE SOLUTIONS

The bench test installation of SUE SIA Moscow Radon
was initially tested on simulated solutions. When drying
distilled water, 8.5 litre/hour output was achieved, air
Jlow reached 770 kg/hour, average relative air humidity
equalled 92% (in absolute terms, 28.5 gram/kg of dry air).
During the drying of sodium chloride solution, a reduction

E OAvH 13 BapuaHTOB pelleHnsa npo6nem o6pawenus c }KPO Ha He6onbLINX NPeaNPUATUAX — co3AaHuNe
OTHOCUTENIbHO HEJOPOrNX MOGUNbHBIX YCTAHOBOK A4NA KOHLEHTPUPOBaHNA OTXOA0B. Takne yCTaHOBKM
XapaKTepu3yTcA HEOObLION MPOV3BOANTENBHOCTbIO 1 MasbiM MOTPebieHneM 3neKTposHeprun. OBHUM 13 NX ABHbIX
NPEeNMYLLECTB ABNAETCA YHUBEPCANbHOCTb: BO3MOXHOCTb NepepabaTtbiBaTb OTXOAbl PA3NYHOFO (YAaCTO C/IOKHOIO)
XMMMNUYECKOTO COCTaBa C MUHMUMaNbHOW NpefABapuUTenbHO NOArOTOBKOM. [103TOMY XenaTesibHo, UTo6bl MO6BMIbHan
YCTaHOBKa He BKJTl0Uasa BCMoMOraTesbHbIX CUCTEM, HaNpUMEp, ra300UMCTKI, MaPOCHABKEHWA NNV OXNaXKAeHUsA BOAON.

B One of the possible options of addressing the liquid radwaste management problem on small sites is to build
relatively cheap mobile waste concentration plants. Such plants are characterised by low production rates and low power
consumption. One of their key advantages, however, is that they can be used for multiple applications: they can treat waste
of varying chemical compositions (often compound waste) with minimum pre-treatment required. It is therefore preferable
for such mobile treatment plants not to include ancillary systems such as gas purification, steam supply of water cooling.
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TaK KaK HAKOIJIEHNE COJIM B KaHaIax 6JI0Ka BEJIO K yMEHb-
HIEH U0 TIPOXOIHOTO CeueH st MeK Ay TmacTuHamu Y BIT-51.
[Tocrenenno yBean4ynBaaach TeMeparypa Bo3/1yxa moc-
Jie TIPOXOKJEHUST CYIINJIBHON KaMepbl, YMeHbIIAJNUCh
€ro pacxo/ u BjaxXHOCTh. Korpa KoHIleHTpalus couei
B HCIapuTeJbHOM OJ0Ke jgocturana 165 r/mx, mpoiecc
IpeKpalaics.

Conep:xanue cosell B I0Jy4eHHOM KOHIIEHTPATe CO-
crasuso 280 /11, a B KOHAeHcaTe — He GoJiee 5 MT/JI, UTO
AKCIEPUMEHTAJNBHO IOATBEPXKIAET OTCYTCTBUE a’spo-
30JIBHOTO yHOCA.

3arem nepepaboranu 400 murpos KPO cioxkHOTO
XUMHUYecKoro coctana. [Ipu aToM mpou3BoAUTEIBHOCTD
yCTaHOBKM cocTaBusa 8,2 /4. 3a BpeMs UCIBITAHUM
(47 yacoB) XapaKTEPUCTUKHU IpOIecca CYIIKH CYIIecT-
BEHHO He m3MeHmanch. Ha ¢hpoHTAaIbHON TOBEPXHOCTH
[JIACTUH UCHAPUTENbHOTr0 06ji0Ka 06pa3oBaoch He3Ha-
YUTEJbHOE KOJMYECTBO COJIeBOro ocajaka. CymmapHoe
KOJIMYECTBO COJIU, HAKOILJIEHHOM Ha 1yactuHax ¥y BII-51,
nocturyao 120 r/m.

OO6muiast KOHIEHTpaIUsl MUHEpPaJbHbIX CoJieil B uc-
XOJTHOM pacTBope cocrtaBisyia 17 1/1, ynenbHas akTUB-
HocTh — okoJi0 2200 bk/x (110 '¥7Cs). CooTBeTcTBYyIOMME
XapaKTePUCTUKU TIOJYUYeHHOro KoHIleHTparta — 319 r/x
u 3,7x10% bk/n. CoJsieconep;kanue KOHJeHcaTa He Tpe-
Boicusio 10 MT/71. A3PO30JBHBIN YHOC COCTAaBUJ MeHee
0,0008% 1o y-uzayuenuto *’Cs. [lepcrieKTUBHOCTD TeX-
HOJIOTUW TIOATBEPAUJN U BBICOKWE 3HAaUeHUs Koaddu-
I[MEHTOB KOHIIEHTPUPOBAHUS PAcCTBOPA M pas/eseHust
paauonykangos: 19 u 6oee 120000 cooTBETCTBEHHO.

JlanHble, TTOJyYeHHBIE B XOJ€ JKCIEPUMEHTOB, ObLIN
MIOJIO’KEHBI B OCHOBY IMTPOEKTUPOBAHUSI OIBITHO-IIPOMMBIIII-
gerHoro monyias cymku JKPO npousBoauTesbHOCTHIO
50 s/4. [last ero paboTsl MOTPEGYIOTCS TEMIOBOM HACOC
(saexTpuyeckast MouHoCTh — 12 kBT, Teruoast — 25 kBr),
TEMJI00OMEHHWK BOJSTHOTO OXJIAXKIEHWS MOIIHOCTBIO
10-15 kBT, ucnapuresbHble GIOKH CyMMapHBIM 00HEMOM
150 am® 1 obmeit momaneio ucnaperus 1,5 Mm% Pacxoz
Bo3ayxa coctaBuT 5000 Kr/4, ero Temmeparypa Imepej
MPOXOKIEHNEM HcCTapuTeabuoro 6aoka — 50-60 °C, koH-
nercanu — 15-20 °C, orHocuresnbHas BIAKHOCTD IIOCTIE
cyurmibaol kamepsl — 90-100 %.

OINBITHO-IIPOMBIIIJIEHHAS] YCTAHOBKA CYIIKHN J[OJIKHA
6biTh co3ana yxke B 2008 rony. Ee mmanupyercst ucmosib-
30BaTh B MOOMJIBHOM KOMIIJIEKCE C YCTaHOBKO 0OpaTHO-
IO 0CMOCA IIPOM3BOAUTENIBHOCTHIO 1M? /4.,

EmkocTb ¢ XKPO Hacoc
Container with LRW Pump unit
XKPO
LRW WcnapwuTtenbHbii 610K
Evaporation unit
BeHTunATop
Fan
o= ]
KoHueHTpaTt .
Tennosow Hacoc
Concentrate Thermal pump
KoHpgeHcat
Condensate

MpuHUMNManbHas CXxema CTEHJOBOM YCTAHOBKM CYLLKYM C 3aMKHY TbIM
BO3/YLUHbIM KOHTYPOM 1 TEMNOBbIM HACOCOM

The principal scheme of a bench test installation with a closed air
circuit and a thermal pump

of these parameters was observed, as salt build-up in the unit
channels led to reduced flow-through section between the
UVP-51 plates. As air temperature at the outlet of the drying
chamber gradually increased, flow and humidity reduced at
the same time. When salt concentration in the evaporation
unit reached 165 gram/litre, the process was stopped.

The resulting salt content was 280 gram/litre in concentra-
ted brine and not more than 5 milligram/litre in condensate,
which experimentally proves that there was no airborne
transfer of radioactivity.

Then, 400 litres of compound liquid radwaste were proces-
sed. The production rate of the installation during this proces-
sing was 8.2 litre/hour. During the test duration (47 hours),
properties of the drying process did not vary significantly. The
Jront surfaces of the evaporation unit plates had accumulated
an insignificant amount of salt residue. The total amount of salt
accumulated on the UVP-51 plates reached 120 gram/litre.

The total mineral salts concentration in the initial solu-
tion was 17 gram/litre, with specific *”Cs activity of about
2200 Bq/litre. The respective properties of the resulting con-
centrated brinewere 319 gram/litre and 3.7x10° Bq /litre. The
salt contentinthe condensatewasbelow 10mg/litre. Airborne
radioactivity transfer was below 0.0008% as measured
by y-emission of P7Cs. The fact that this is a promising
technology was also confirmed by high levels of the solution
concentration and radionuclide segregation coefficients:
19 and above 120 000, respectively.

Data obtained during these tests was used to design

a pilot liquid radwaste drying module with

YeraHoBKa konuenmpar D0 litres/hour production rate. The operation
NcxogHbin no300r/n ] 7 re:
pactsop | OBPATHOTO | Kowuewrpar | YCTaHOBKA | wauementu- of thl.s module wz.ll require: a 'thermal pump
EMKOCTb-xpaHunmue | A0 107/7 ocMoca 50-80r/n CywKu posanrve (712 kilowatt electric power, 25 kilowatt thermal
Storage tank The initial The reverse Concentrate The drying Concentrate power), a 10-15 kilowatt water-cooled heat
Togramie | o;"}/ost’_s 5080gram/ive | station so0ammive  €Xchanger, evaporation units with a total volume
instanation forcementation  45() dm’ and a total evaporation area 1.5 m’.
Air flow will equal 5000 kg/hour, air tem-
perature before the evaporation unit 50-60 °C,
fepmear Kowpencar condensation temperature 15-20 °C, relative air

B KOHTPOIbHYIO
eMKOCTb

B KOHTPOJbHYIO
eMKOCTb
Permeat Condensate
to the controf to the controf
tank tank

MpriMeHeHMe YCTaHOBKM CYLLKU B cxeMe nepepaboTtku KPO
The application of installation in the recycling LRW system
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humidity after the drying chamber 90-100 %.
The pilot drying station is expected to be
built as early as 2008. It is anticipated that
it will be used in a mobile reverse osmosis
installation with 1 m?/hour production.
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