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SALLTA 3ALLEMEHTWUPOBAHHbBIX PAO
OT MUKPOBWO/OrMYECKOU KOPPO3UK

PROTECTION OF CEMENTED RADWASTE FROM MICROBIOLOGICAL CORROSION

O.A.TOPBYHOBA, x.m.n.
(TYII MocHIIO «Padon»)

B [na obecneuenus 6e30nacHOCTM JUTeNbHO-
ro XpaHeHUs KOHAMLMOHMPOBaHHbIX ¢opm PAO
B NMPUNOBEPXHOCTHBIX XpaHWIULLAX Heobxoanmo
yunTbiBaTb M NPeJoTBpaLLaTh BCe NOTEHLUaIbHO
3HauuMble (aKTopbl, COCOOHbIE CHU3UTDL HAZEXK-
HOCTb UHXeHepHbIX 6apbepoB Ha NYT BbIXOAA pa-
JOVOHYKNNAO0B B OKpy»atowwyto cpeny. Cneuyuanucramu ryn
MocHINO «PapoH» coBMecTHO ¢ Kadenpoit MUKpobuonorum
MY um. JlomoHocoBa BnepBble uccieoBaHa MUKpo6uosno-
ruyeckas Kopposus LiemMeHTHbIX KomnayHaos ¢ PAO u paspa-
60TaHbI Mepbl N0 ee NpefoTBpPaLLEHNIO.

[Ipy HATIMYMY B XpaHWJIUIIAX BIAKHOCTH, 3aTPY/IHEHHO-
ro Bo3ayxooOMeHa ((hakyIBTaTHBHO-aHAPOOHBIE YCIIOBHS),
TIpUEeMJIEMBIX BesmaH pH 1 Temrrepatypsl B IeMEHTHOM KOM-
TIayHIE C PAJMOAKTHUBHBIMI OTXOAMH CO BPEMEHEM BO3MOK-
HO pasBUTHE aCCONMAINN MUKPOOPTaHW3MOB, KOTOpPOE CO-
TIPOBOKIAETCST 0OPA30BAHIEM ArPECCUBHBIX TIO OTHOIIEHWIO
K I[eMEeHTHO! MaTpHIle MPOIYKTOB — OPTaHIMIECKUX, CEPHON 1
A30THOM KHCJIOT, CEPOBOIOPO/IA, YTIIEKUCIIOTO Ta3a, a30Ta 1 T.1L.
Onu €1ocoOHBI BBICTYNAT UHUIUATOPAME PA3PYLICHUs MU-
KPOCTPYKTYPBI, Pa3BUTH: BHYTPEHHNX TPEIINH U MIKPOIIOP,
KOTOpBbIEe 3aTeM MHOTOKPATHO YCUJIMBAIOTCS TOJ AcHCTBUEM
BJIATU ¥ [IEPEIIajioB TeMIIEpaTyp, CHIKas 6€3011aCHOCTh XpaHe-
HUST KOHAUTIMOHUPOBAaHHBIX (hopm PAO.

[MuTaTenpHOI cpemoii i MUKPOOPTraHU3MOB BBICTYIIA-
10T KOMIIOHEHTBI TBEPbIX U sKkupkux PAO HU3KOTO U cpe/iHe-
TO YPOBHST aKTHBHOCTH — IIEJITIOJI030CO/IEPIKAIITIE MATEPHUATIDI
(Berorb, parMeHThI J€PEBIHHOW Tapbl), KOHIIEHTPATHI M-
HepasbHBIX cosell B coctaBe KPO (HUTpaThI, CyIbdarhl, XJ10-
PHZIBI 1 T.[I.), OTpaGOTaHHbBIE MIHEPATbHBIE MACTIA T OPTaHIYIe-
CKHe KUAKOCTH. B HacTosIIIee BpeMs, 3a CIET COBEPIITEHCTBO-
BaHWS TPOIECCOB COPTUPOBKH, 3HAUNTEIHLHO CHIDKEHA BEpo-
SATHOCTD TIOTIAJIAHUS B TIEMEHTHBIH KOMIAYHJ TeJLTI0I030C0-
nepskanmx TPO. OxHako 1ieMeHTHpOBaHNe BOHBIX COEBBIX
1 opraangecKknx KuAKIX PAO compsikeHo ¢ BHeCEHIEM B KOM-
nayH[ cyOGCTPATOB, B KOTOPHIX BO3MOKHO [IOCEJICHUE U PA3BU-
THE OTIPEIESIEHHBIX BUIOB MUKPOOUOTBI.

IKCIepUMEHTAIbHbIE HAYYHBIE HCCIIEI0BAHMST ObLITN HAYa-
b1 B 2000 oy, Korjia B lleMeHTHBIX oOpasiax (KepHax), 0To-
OGpaHHBIX TIPKU GYPEHUN MOHOJIMTA 3alleMEHTUPOBaHHBIX PAO
B NIPUMOBEPXHOCTHBIX Xparmiunimax 1960-x romos, 6bimm 06-
Hapy’KeHBbI JIEBATh IITAMMOB MUKPOOPTaHU3MOB ¢ GPOJIHIIb-
HBIM THIIOM MeTab0Jm3Ma, (paKyIBTaTHBHBIX aHaPOOOB, OT-
Hocsmuxess Kk pozam Bacillus (Ip+, masouku u cropsl) u
Flavobacterium (Ip-, KOpOTKHE MaJOUKH ¢ OKPYIJICHHBIMI
KpasiMH, OIMHOYHBIE U B TIapax). JTO PacIPOCTPaHEHHBIE TO-
YBEHHDIE OAKTEpPUH, CTOCOOHBIE pasBuBaThCst mpu pH=4-9,
T=+18-30°C u BbICTymaTh /IeCTPYKTOPAMU CHJIMKATHBIX Ma-
TEepHaoB.
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0.A. GORBUNOVA, Candidate of Technical Science
(SUE SIA Radon Moscow)

® [n order to ensure safety of long-term storage of
conditioned radwaste forms in surface repositories,
action must be taken to consider and prevent all po-
tentially significant factors that may work to reduce
reliability of engineered barriers that prevent release
of radionuclides into the environment. Specialists of
SUE SIA Radon Moscow, jointly with the Department of Micro-
biology in the Lomonosov Moscow State University, have com-
pleted a first-of-the-kind study of microbiological corrosion in
cement compounds with inclusion of radwaste and developed
measures to prevent it.

If there is moisture present in the repositories, air circu-
lation is impeded (optionally anaerobic conditions), and pH
and temperature levels are appropriate, the radwaste-inclu-
sive cement compound may over time become a host for as-
sociations of micro organisms, which may generate a range
of products that will act adversely upon the cement matrix
— organic products, sulphuric and nitric acids, hydrogen sul-
phide, carbon dioxide, nitrogen, etc. These may initiate disin-
tegration of micro-structure, cause development of internal
cracks and micro-pores, which will then grow multi-fold as a
result of dampness and temperature variations, deteriorating
the level of safety of conditioned radwaste storage.

The micro organisms can feed on components contained
in the solid and liquid low and intermediate-level radwaste
— cellulose-containing materials (cotton waste, fragments
of wooden packing), concentrates of mineral salts in liquid
radwaste (nitrates, sulphates, chlorides, etc.), spent mineral
oils and organic liquids. Currently, thanks to improvements
in the segregation processes, the probability of cellulose-con-
taining solid waste being incorporated into the cement com-
pound has been reduced considerably. However, cementation
of water-based salty and organic liquid radwaste is still as-
sociated with inclusion into the compound of substrates that
may accommodate and allow development of certain micro
biotic species.

Experimental scientific research started in 2000, when
core samples of the cement matrix were collected as a result
of drilling of the cemented radwaste monolith in near-sur-
face radwaste repositories arranged in the 1960s, and were
discovered to host nine strains of micro organisms with fer-
mentative metabolism: optional anaerobic species belong-
ing to the Bacillus (Gram-positive, bacilli and spores) and
Flavobacterium (Gram-negative, short bacilli with rounded
ends, single and in pairs) genera. These are common soil bac-
teria, capable of developing at pH=4-9, T=+18-30°C and act
as destroyers of silicate materials.

In 2000-2003, representative core samples were collect-
ed from a number of near-surface repositories at SUE SIA
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1,3 - 6e3 6uounaHbIx 06aBOK; 2 - ¢ BrioungHo fobaBKow B KonuyecTse 1% mac.
Fig. 1. Appearance of reference samples of radwaste-containing cement matrix of 8.5 years of solidification as placed in near-surface repositories:

1,3 - without biocidic additives; 2 — with a biocidic additive of 1% by weight

B 2000-2003 romax B HECKOJIBKUX MPUITOBEPXHOCTHHIX
xparmanimax ['YIT MocHIIO «PamgoH» Oblin MpoBeIeHb
0TOOPBI MIPECTABUTENLHBIX 00PAa3LOB KEPHOBOTO MaTepu-
ajla, aHAJIM3bl UX (PUBMKO-MeXaHUIeCKUX CBOUCTB (paano-
METPUsI, TPOYHOCTD, BHIIIETAYNBAHIE PAJAUOHYKINUIOB, MU-
KPOCTPYKTYPa) ¥ 1ozicyeT o0Iel 3apaskeHHOCTH MUKPOOP-
raHu3MaMu.

B pesysisrate NoKa3aHO TOBPEXK/IEHIE MUKPOCTPYKTYPBI
LIEMEHTHOW MATPUIIbI 1 HAJTMYUE ACCOIUAIINY MIUKPOOPTaHU3-
MOB B [IeMEHTHBIX KoMIayHaax ¢ PAO, xpansumxcs 6osee 30
ser. Obmas 06CeMEHEHHOCTh MUKPOOPTaHU3MaMH, OIpesie-
JIEHHasi METO/IOM IIPSIMOTO TIoicUeTa 1o BuHorpazckomy, co-
crasisiia 10 10-10 KOE /.

B 2001-2003 Tromax misg u3ydeHust BO3MOKHON MUKPO-
OGUOTOTUYECKON KOPPO3UHN TEMEHTHON MaTPUIIBI OBIIIN TIPH-
TOTOBJIEHBI M Pa3MeEIEHBI B TPUTIOBEPXHOCTHBIX XPAHNJIH-
aX IIEMEHTHBIE 00PasIbl ¢ TOYHBIM KOJINYECTBOM Pas/Iny-
Hbix umutatopoB PAO — nutparconep:xamux ;KPO (pac-
tBOp HUTparta Hatpusa 300 r/m), macroconepxkamux KPO
(5-20% mac. OpraHUYeCKUX JKUAKOCTEH U PajinOaKTUBHBIX
Texunyecknx macen B coctase sKPO), nesmoso3oconepxa-
mux TPO (10 5% wmac.). Hacth 06pasiios cojepskana pas-
JIMYHBIE GUOTIHHBIE J0OABKM OTEYECTBEHHOTO U UMITOPTHO-
IO IPOU3BOICTBA.

Exeronro B teuenne 2001-2010 T010B MPOBOAMTCS MO-
HUTOPUHT COCTOSIHUSI, 0TOOP, (PM3UKO-XUMIIECKHI, MUKPO-
CTPYKTYPHBIIT U MUKPOOMOJIOTHYECKHIT aHamM3 06pasios. B
pe3yJbraTte MHOTOJIETHUX AKCTIEPUMEHTOB:

— YCTaHOBJICHBI JIOKATbHBIE Pa3pYIIEHNS MUKPOCTPYKTY-
pbi B 06pasiax 6e3 GUOLMAHBIX J00ABOK, BIMSIOLIIE Ha IPOY-
HOCTb IeMeHTHBIX KommayHnoB ¢ PAO (puc. 1);

— BbIJIEJIEHBI U YCTAHOBJIEHBI 110 THHKTOPUATIbHO-MOPGO-
JIOTUYIECKMM TIPU3HAKAM JI0 BUJIA U POJIA MUKPOOPTAHU3MBI U
i1 X MeTabosmama (puc. 2);

Radon Moscow, and their physical and mechanical proper-
ties (radiometry, hardness, leaching rate of radionuclides,
micro-structure) analysed, together with determination of
their overall contamination with micro organisms.

The results revealed damage to cement matrix micro-
structure, and presence of associations of micro organisms
in the radwaste-inclusive cement compounds that have been
in storage for over 30 years. Total contamination with micro
organisms, as calculated using the Vinogradsky direct count
method, measured 10%-10* colony-forming units per gram.

During 2001-2003, to further study potential micro-
biological corrosion of cement matrix, cement samples
were made and placed in near-surface repositories that
contained a precise amount of various radwaste simula-
tors: nitrate-containing liquid radwaste (sodium nitrate
solution 300 g/litre), oil-containing liquid radwaste (5-20%
by weight of organic liquids and radioactive process oils
included in the liquid radwaste), cellulose-containing solid
radwaste (up to 5% by weight). Some of the samples con-
tained various substances that act as biocides, both domes-
tically produced and imported.

During 2001-2010, annual inspections were performed to
establish the status, take samples, measure physical, chemi-
cal, micro-structural and microbiological properties of the
samples. As a result of several years of experimentation, the
following was accomplished:

— Presence of local damages to micro-structure was es-
tablished in those samples that did not contain biocidic addi-
tions that influence the strength of cement compounds that
contain the radwaste (fig. 1);

— Species and genera of the found micro organisms
were established along with their type of metabolism us-
ing a number of tinctorial and morphological indicators

(fig. 2);

Puc. 2. MukpoopraHv3mbl 6pofunbHOro T1na MeTabonrama, HacenawLLme LLeMeHTHbIe KoMMayHAbl ¢ Macnocofepatumu PAO B BospacTe
TBepaeHua 3,5 ropa: 1 - Bacillus; 2 - Rhodococcus; 3 - Mycrobacterium. ®oTorpadun HakonuTenbHbIX KynbTyp B Yalukax [eTpu (cnesa) v YncTbIX
Ky/nbTyp NoJ MUKPOCKOMOM (CnpaBa, MpoKpaLueHHble GpyKCrHOM, yBennuerue *1000)

Fig. 2. Micro organisms of fermentative metabolism found to populate cement compounds with oil-containing radwaste of 3.5 years of solidification:

1 - Bacillus; 2 - Rhodococcus; 3 — Mycrobacterium. Photographs of enrichment cultures in Petri plates (left) and pure growths as viewed under a microscope
(right, rosein-coloured, magnified *1,000)
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Puc. 3. MUKpoCTpyKTypa LieMeHTHbIX 06pa3LioB ¢ HUTpaTcopepxawmmm PAO 6e3 6roLuaoB B Bo3pacTe TBepAeHUa 5 neT (MmkpodoTtorpadum
NosyyYeHbl C MOMOLLbIO CKAaHUPYIOLLEro 31eKTPOHHOrO MUKPOCKOMa, yBenunyeHue #1500, 1000, *3100)
Fig. 3. Micro-structure of cement samples with nitrate-containing radwaste without biocides of 5 years of solidification (micro photographs obtained using

a scanning electronic microscope, magnified 1,500, *1,000, *3,100)

— XxpomatorpauyecKiMi MeTOJIAMU OITPe/IeJIeHbl KOH-
[EHTPaIlii arPECCUBHBIX BEIeCTB (YKCyCHasi, OyTaHOBasl,
nponuonosast kucaotrol, CO,, N,), Bblie/iseMbIx accoluanueii
JAHHBIX MUKPOOPTaHM3MOB B €IUHUILY BPEMEHU Ha €IUHUILY
oGbeMa 1ieMeHTHOro KoMnayHza ¢ PAO;

— IPOBEACHbI IKCIIEPUMEHTDI 110 BbIABJICHUIO JECTPYKIN-
OHHBIX TIPOIECCOB IIEMEHTHOI MATPHIIbL, IPOTEKAIOIINX B Pe-
3yJIbTaTe MIMEHHO GHOTEHHOTO BO3IEICTBISI, 63 COIyTCTBYIO-
KX [TPOIECCOB BHYTPEHHEN KOHTPAKIIN, BHEITHETO BO3IEH-
CTBUSI BJIATH U TEMIIEPATYPHBIX CE30HHDIX MIEPETIA/I0B;

— OCYIIECTBJISIETCS MATEMATUYECKOE TIPOTHO3UPOBAHNE Be-
JITYUHBI OMOKOPPO3UH 1 €€ 3HAYUMOCTH /75T GE30ITacCHOTO Xpa-
HEHUs KOHAWITMOHNPOBAHHBIX (hopMm PAO;

— TIPOBEJIEHDI CPABHUTEBHbIE MCCIETOBAHIST OUOTIHTHOM
AKTUBHOCTHU 110 OTHOIIEHUIO K BBIIEJIEHHBIM MUKPOOPraHu3-
MaM 1 (PUBUKO-XUMUYECKOI COBMECTUMOCTHU C KOMITOHEHTAMU
LEMEHTHOTO PAcTBOPA Pas/IMYHbIX OUOLMAHbIX 100aBOK OTe-
YECTBEHHOT'O 1 UMITOPTHOT'O ITPOM3BO/ICTBA;

— ¥V PaAOaKTUBHBIX MEMEHTHBIX KOMITAYHIO0B C 6I/IOI_II/I[['
HbIMU [[O6aBKaMI/I HCCJIeJ0BaHbI CBOfICTBa, peramaMeHTupoBaH-
uple TOCT P 51883-2002, a Takske OKa3bIBAIOIINE BJIAHIE HA
TEXHOJIOTYECKUe TapaMeTpbl 1pu tementuposanuun KPO
(cm. Tabummiry).

BO3JLEACTBUE ATPECCUBHbIX METABOJIUTOB

HA LEMEHTHYI0 MATPULY

OrnpeiesieHo, 49TO B HUTPATCOAEPIKAIINX [EMEHTHBIX
obpasiax pasBuUBaIOTCA OakTepuu ¢ AeHUTPUPHIMPYIO-
UM TUIIOM MeTabosmaMa. MUKPOOUONOTHYECKMMU HCCITe-
JIOBAHUSIME ~ YCTAHOBJIEHA [PUHAJIEKHOCTh  BBIIEJIEHHBIX
MHKPOOPTaHM3MOB-XeMOOPraHOTpooB K poy Pseudomonas,
BbIJIEJIEHBI TPU IITAMMA, OJIUH U3 KOTOPBIX JIOCTOBEPHO OTHE-
cer K Bumy Pseudomonas aeruginosa: crenenn JTHK-/JHK-
rubpuan3saImm BiesieHHoro mramma (Ps.aeroginosa 64,4+0,5
mout. % GC) u penieproro o6pasia (Ps.aeroginosa 64,2 Mot %
GC) cocrasmia 88+5%.

IKCIEePUMEHTATBHO YCTAHOBJIEHO, YTO, MCTIOTB3YsT HUTPa-
THI B KAUeCTBE MUTATETHHON CPEJIBI, TAKHe OAaKTEPUH BBIEIsI-
10T B TIPOIlECCE JKU3HEIESITEHHOCTH CBOOOMHBIN a30T B KO-
saectse 6-18 mu/cyt (1-2,5 ma/cyT — B obpasiax ¢ Guory-
JIoM) Ha 1 cM® IEMEHTHOTO KOMIIAyH/[a, OPraHUYECKUe KUCIIO-
o1 (1pormonar- u oyrupar-anuon) — 0,003-0,04 MMOJIb/CyT.
YauThIBasi IOPUCTOCTh TIEMEHTHON MATPUIIbI, MOXKHO TIPeI-
HOJIOJKKTh, YTO YacTh GHOTEHHOTO a30Ta CBOOOIHO paciiperie-
JIeTes B ee 00beMe, OHAKO B 00pasiax 6e3 GUonuaoB 3apuK-
CHPOBAHbI BHYTPEHHHUE PACXO[SIINECS TPEIUHBI, BbI3BAH-

BE30MACHOCTb OKPYXAIOLLEN CPE[bI
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— Using chromatographic methods, measurements were
taken of concentrations of aggressive substances (acetic acid,
butanoic acid, propionic acid, CO,, N,), released by the micro
organism associations per unit of time per unit of volume of
the radwaste-containing compound;

— Experiments were carried out to detect any destruc-
tive processes occurring in the cement matrix as a result of
biological impacts alone, disregarding the concurrent proc-
esses of internal contraction, external impact of moisture and
seasonal temperature fluctuations;

— Mathematical modelling was performed to predict the
extent of bio-corrosion and its significance to safety of stor-
age of conditioned radwaste forms;

— Comparative research was performed of biocidic ac-
tion by various domestic and imported biocides upon the
found micro organisms, as well as physical and chemical
compatibility of the biocides with the mortar compo-
nents;

— Research was performed to measure those properties of
biocide-containing radioactive cement compounds that are
prescribed by the GOST R 51883-2002 regulation, as well as
those properties that are important for the liquid radwaste
cementation process (see table).

IMPACT OF AGGRESSIVE METABOLITES ON CEMENT MATRIX

It has been determined that nitrate-containing cement
samples develop bacteria with de-nitrifying metabolism.
Microbiological research has shown that the separated che-
moorganotroph micro organisms belong to the Pseudomonas
genus, and three strains have been identified, one of which
was reliably determined to belong to the Pseudomonas aeru-
ginosa species: degree of DNA-DNA-hybridisation of the
separated strain (Ps.aeroginosa 64.4+0.5 mol. % GC) and
of the reference sample (Ps.aeroginosa 64.2 mol. % GC) was
88+5%.

It was experimentally established that using nitrates
as the nutrient, such bacteria release as a consequence
of their life activities about 6-18 ml/day of free nitrogen
(1-2.5 ml/day in biocide-including samples) per 1 c¢cm?® of
cement compound, organic acids (propionate- and butyrate-
anion) — 0.003-0.04 mmol/day. Considering porosity of the
cement matrix, one could assume that some of the biogenic
nitrogen freely dissolves in its volume; however, samples that
do not contain biocides registered to have internal propagat-
ing cracks caused by local pressure drops in crystalline junc-
tions (fig. 3).

Ne'32010



RW MANAGEMENT

) XIS Seevm ees 2 "

. ‘ H
— . i

Puc. 4. MMKpoCTpyKTypa LIEMEeHTHbIX 06pa3LioB C MacIoCofepKaluymm u HuTpaTcofepxalmmm PAO 6e3 6uoumpos B Bo3pacTe TBepAeHus 3,5 roga
(MrKpodoTorpadum nonyyeHbl C MOMOLLbIO CKAHUPYIOLLEro 311eKTPOHHOIO MUKPOCKOMa, yBennyeHue *35, ¥6400, *1500)

Fig. 4. Micro-structure of cement samples with oil-containing and nitrate-containing radwaste without biocides of 3.5 years of solidification

(micro photographs obtained using a scanning electronic microscope, magnified *35, #6400, *1500)

Hble JIOKAJIBHBIMU TIEPETAIAMHK [IABJIEHNST B KPUCTAJIMIECKUX
cpocTkax (puc. 3).

B MacJI0COAEPIKAIINIX 1EMEHTHBIX ob6pasiax
pasBuBatoTCcs OakTepuu ¢ GPOAMJIBHBIM THIIOM MeTabo-
au3Ma. MUKPOOUOJOTHYECKUMY UCC/IENOBAHUSMU  yCTa-
HOBJIEHA [TPUHA/JIEKHOCTD BbIJIEJIEHHBIX MUKPOOPraHU3MOB-
xemoopraHorpooB K pomam Bacillus (namoukun wu  cro-
poi), Rhodococcus (mreomopdrble KOKKM M TAJIOUKK),
Mycrobacterium (TOHKHE TATOUKKM B HEMOYKAX, CO CJeJaMK
BetBienus, V-hopmbr). B mporiecce skusHeesTeIbHOCT OHI
soytessior CO, (0,4-4,7 ma/cyr Ha 1 ev® riemenTHOTO 06pas-
11a) W OpTraHuYecKue KUCIOTHI (aIeTar-, OyTHpaT-aHaOHbT) —
0,11-0,3 Mmoutb/cyT. B x0z1€ peakiyii OMOreHHbIX OpraHmye-
CKHUX KUCJIOT U YIJIEKUCTIOTBI C TUIPATHPOBAHHBIMU [1EMEHT-
HBIME MuHepatamu, ipeskzie Beero ¢ Ca(OH), u kyGudeckinvu
TUIPOIIOMIHATAME, OTBEYAIONMMH 3a MPOYHOCTH [1EeMEHT-
HOU MaTPUILIbI B MO3IHIE CPOKHU TBEPiIeHMs1, 00Pa3yloTcs pac-
TBOPUMBIE COJIM Kasibliisl (aIeTarsl, TUAPOKapOOHATHI), UTO
[IPUBOJIUT K PA3BUTHIO MOP HA TIOBEPXHOCTU KPHUCTAJLIOB U Jie-
(hopmarn KpuCTALIMYECKUX CPOCTKOB (PUC. 4).

BUOLIUAHAA 3ALLMTA

Jlist TIpefoTBpalieHnst MUKPOGHOIOTHYECKOH KOPPO3HI
HEOPTaHNYECKNX MIHEPATHHBIX MATEPHATIOB B CTPOUTEIHHOM
OTPACIIH IPUHSTO MCIIOJb30BATH OUOLIU/IHBIE XUMUYECKUE J10-

Oil-containing cement samples develop bacte-
ria with fermentative metabolism. Microbiological re-
search has established that the separated chemoorgano-
troph micro organisms belong to the Bacillus (bacilli and
spores), Rhodococcus (pleomorphic cocci and bacilli),
Mycrobacterium (fine bacilli in chains, with traces of
branching, V-forms) genera. As a consequence of their life
activities, these release CO, (0.4-4.7 ml/day per 1 cm? of ce-
ment sample) and organic acids (acetate-, butyrate-anions)
— 0.11-0.3 mmol/day. During reactions between biogenic
organic acids and carbonic acids with hydrated cement
minerals, primarily Ca(OH), and cubic hydro aluminates,
which are responsible for the strength of the cement matrix
during later periods of solidification, soluble calcium salts
(acetates, hydro carbonates) form, causing development of
pores on the surfaces of crystals and deformation of crystal-
line joints (fig. 4).

BIOCIDIC PROTECTION

The normal practice in the construction industry for
prevention of microbiological corrosion of non-organic min-
eral materials is utilisation of biocidic chemical additives.
Specialists of SUE SIA Radon Moscow have studied wheth-
er they could also be used to provide biocidic protection for
cemented radwaste.

C(BOVCTBA LIEMEHTHbIX KOMMAYH[10B C PAO, COBEPXALLIMX 1% MAC. BUOLIN A NPY BOAOLIEMEHTHOM OTHOLLEHUM B/LI=0,6
PROPERTIES OF RADWASTE-INCLUDING CEMENT COMPOUNDS THAT CONTAIN 1% BY WEIGHT OF BIOCIDES WITH WATER-CEMENT RADIO W/(=0.6

° MpouHocTb Ha cxkaTtue, MIMa ® ,E‘
5 £ g Compression strength, MPa s I g‘-
T £ ) © £
5 | &5 Mocne E 3 R
g E§§ §_g 30 unknos 2 9x E%’;
S $eS 2o Mocne 3aMopaXuBaHusA — E,x5 g-g
S _g a g-‘g a2 E paanaumnoH- oTTanBaHuA Mocne 90 cyTok s E s S L) ¥
=2 SEL| 8o | 28oyrox Horo -40...+40°C B Boge 8" %% 8w E
= 'g ZR < 5 § 28 days o6nyyeHun After After 90 days sub- g a3 3 3 S
] e S = K After exposure | 30 cycles of freezing- | mersed in water 8 I 5T
£ g 2 to radiation thawing g ¢ &
S v -40...+40°C S § S
bes 6uouunapa ] .
No biocide added >3 13,8 12,0 9,3 26,4 2,03-0,76*10
1 >3 31,1 30,7 29,0 33,0 2,43-1,06%10°
2 s >4 211 17,6 33,0 264 1,69-0,69%*10°
3 >3 28,8 18,9 304 33,1 1,72-0,78*10°
4 >3 29,3 26,7 383 23,0 2,14-1,01*10°
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Gasku. Crienmamictel YT MocHITO «Pagon» usy4nim Bos-
MOKHOCTD UX TPUMEHEHNS /75T GHOTIMITHOM 3alUThI 3a1ieMeH-
tupoBanHbIX PAQO.

[TpoBenentible MCCaEIOBAHNST TOATBEPKIAIOT, YTO BO3-
MOKHO MPEOTBPATUTH MUKPOGHOIOTHYECKYIO KOPPO3UIO Ha
CTa/IN [IPUTOTOBJIEHUS PA/IMOAKTIUBHOTO [IEMEHTHOTO KOMITA-
yHa. CpaBHUTEIBHBIN aHAIN3 OUOTIHIHBIX U GAKTEPHOCTATH-
YECKUX CBOMCTB Pa3IMIHBIX XUMUYECKUX TOOABOK MTOKA3aJT Ha-
Juanie 3(MOEKTUBHBIX ITPETAPaTOB OTEUECTBEHHOTO IIPON3BO/I-
crBa. VIX MUHMMA/IbHbIE KOHIIEHTPAIIUY [IJIsT TIO/IABIEHUST PO-
CTa XapaKTePHBIX JUIsT IPUIIOBEPXHOCTHBIX XPAHUIIUII GaKTe-
puii Nocardia polychromogenes, Micrococcus luteus, Bacillus
sphaericus, Rhodotorula pilimanae, Pseudomonas aeruginosa
cocrassisior 0,0015-0,003 Mr/MuL, 17151 TIOTHOTO 06e33apakuBa-
nust — 0,003-0,006 mr /M.

[Ipy MCob30BaHUKM GUOIMHBIX XUMITYECKHUX JI0OABOK
JUIST TIEMEHTHPOBAHYIST JKUAKIX U TBEPIBIX PAO BaKHO, UTOGBI
KOMITOHEHTBI MATPHUIIB! OBLIA XMMUYECKH COBMECTIMBI C HUMH,
1 BBEZIEHNE T0OABOK HE YXY/IIIATIO TEXHOJIOTHIECKIX 1 PerJia-
MEHTHPOBAHHBIX CBOICTB IEMEHTHBIX KoMITayHzoB ¢ PAO.

B pesysbrate hU3HKO-XUMUYECKUX UCCIIEM0BAHMIT CEMU
OUOIMHBIX TTOJMMEPHBIX KOMITO3UIMH BBIOPAHbI J00ABKY
OTEYECTBEHHOTO TIPOU3BOJICTBA, YAOBJIETBOPSIONIIE TPeho-
BaHUAM Iporiecca ementuposanusg PAO, B HeKOTOPBIX CITy-
YasX He TOJIbKO HE CHMXKAIOIIHE, a YJIydllIaioline cBOiCTBa
[IEMEHTHBIX KOMIayH0B. Kak BUAHO 13 TabIuIbl M PUCYHKA
5, CBOICTBA IIEMEHTHBIX KOMIIAYHIOB, COIEPIKAIINX OUOTIH/I-
Hble 100aBKH, 9GP (GEKTUBHDIC [0 OTHOIIEHUIO K MUKPOOUO-
TE MPUITIOBEPXHOCTHBIX XPAHUJIUII, YAOBIETBOPSIOT TEXHO-
sorryeckuM 1 persameHTrpoadibiM TOCT P 51883-2002
TpeOOBAHUSIM.

CospanHble IleMeHTHbIe Komiosuin «busors (TY 5743-
159-46854090-2003) u «CIIIK» (TY 5734-001-56873527-
2006) [1], comepsxaniye ganHble OHOIUAHBIE A0OABKH, OBLIN
yererio ucnosbzoBainbl Ha [YIT MocHIIO «Pamons mipu
IePMETUBAIIN <UCTOPUYECKUX» XPAHUJIMII 3alleEMEHTHPOBAH-
eix PAO B 2003-2007 romax. OHu TakKe MPUMEHSIOTCS B TEX-
HOJIOTHSX TIeMEHTUPOBAHNS KUAKUX U TBepAbix PAO na mu-
HUOJIOUHOI PACTBOPOCMECUTENBHON YCTAHOBKE U YCTAHOBKE
MIPOITUTKY BBICOKOITPOHUKAIOIIUMHE [IEMEHTHBIMU PACTBOPAMIU
30JIbHOTO ocTaTKa oT cxkuranus PAO [2-4].

Takum 06pa3oM, MHOTOJIETHII MOHUTOPHHT COCTOSIHUS 3a-
1IEMEHTHPOBAHHBIX PAIHOAKTUBHBIX OTXO/IOB, PA3MEIEHHBIX B
ripurioBepxHocTHBIX Xpanusuiiax ['YIT MocHITO «Pajon, no-
3BOJISIET CBOEBPEMEHHO OTCJICKIBATD (DaKTOPBI MOTCHIMATBHOI
OIACHOCTH 1 pa3pabaTbiBaTh 9(h(HEKTUBHYO 3aIUTY OT HUX.
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Fig. 5. Influence of biocidic additives on strength of cement compounds
with radwaste

Research that has been performed confirms that it is pos-
sible to prevent microbiological corrosion during the making
of the radioactive cement compound. Comparison between
biocidic and bacteriostatic properties of various chemical ad-
ditives has revealed that there are efficient nationally-pro-
duced preparations available for that purpose. Their minimal
concentrations sufficient to suppress growth of those bacte-
ria that are common in near-surface repositories (Nocardia
polychromogenes, Micrococcus luteus, Bacillus sphaericus,
Rhodotorula pilimanae, Pseudomonas aeruginosa) measure
within 0.0015-0.003 mg/ml, and to completely disinfect,
0.003-0.006 mg/ml is sufficient.

For biocidic chemical additives intended to be used in
cementation of liquid and solid radioactive waste, it is im-
portant that they are chemically compatible with the compo-
nents of the matrix, so that introduction of the additives does
not worsen the technological and code-regulated properties
of the cement compounds that incorporate radwaste.

As a result of physical and chemical research performed
over seven biocidic polymer compositions, domestically-pro-
duced agents have been chosen that meet the requirements of
the radwaste cementation process, and in some cases not only
maintain, but actually improve the properties of the cement
compounds. As evident from the table and figure 5, the prop-
erties of those cement compounds that contain additions of
biocides demonstrate that the biocides have been effective
in suppressing the micro biota of near-surface repositories,
and also meet the process requirements and the requirements
stipulated by GOST R 51883-2002.

A number of cement compositions have been created:
'‘Bison' (specification TU 5743-159-46854090-2003) and
'SPCK' (specification TU 5734-001-56873527-2006) [1],
which contain these biocidic additions and have been suc-
cessfully tested by SUE SIA Radon Moscow for leak-proof-
ing the 'historic' repositories of cemented radioactive waste
in 2003-2007. They are also being used in the liquid and solid
radwaste cementation processes implemented on the small-
scale mortar batching plant and the plant for impregnation of
post-incineration radwaste ash residue with highly-penetrat-
ing cement-based mortar [2-4].

Thus, many years of monitoring of the status of cement-
ed radioactive waste placed in near-surface repositories of
Radon Moscow have enabled timely identification of po-
tential risk factors and development of effective protection
measures against these factors.
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