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MICROBIOLOGICAL ASPECTS OF SAFETY
IN RADIOACTIVE WASTE MANAGEMENT

Mpu poNroBpemeHHOM XpaHeHUM n/namn 3aXoPOHEHNN Pagmo-
AKTUBHbIX OTXOZ0B BaXKHY!I0, a B PAAE C/Iy4YaeB onpeaensioLLyo
ponb UrpaloT MUKpobuonoruyeckue npoueccbl. Mukpobuono-
rMYECKUIi MOHUTOPUHT, HaLEeNeHHbI Ha KOHTPOMb M MPOrHO3
Pa3BUTUA STUX NPOLLECCOB, UMeeT 60/1blLoe 3HaueHue anA obe-
cnevyeHUs He06X0AMMOro YPOBHA paauaLMoHHOW 6e3onacHo-
cT1 06beKTOB NoKanusaumm PAO.

B Poccuiickont deaepauumn gavtensHan uonsaums Kuakmux PAO
OCYLLECTBAAETCA NPEUMYLLECTBEHHO B IyOOKO 3a/1eratoLmx Boao-
HOCHbIX FOPM30HTaX, @ OTBEPXKAEHHbIX POPM OTXOA0B — B LEEMEHT-
HbIX UM CTEKNAHHbIX MaTpMUax B MPUMNOBEPXHOCTHbIX XPaHUAMLLAX
[1]. Mpw 3TOM NPOBOAMTCA MOHUTOPUHT PagMO3KONOrMYECKOM Be30-
NaCHOCTM XPaHWINULL, U NPOrHO3MPOBAHUE HEKeNaTebHbIX U NOTEH-
LMaNbHO ONacHbIX NPOLLECCOB, TAKMX KaK pa3orpeB XpaHWAULWa, ra-
3006pa3oBaHMe, MUrPaLMA PAaMOHYKAMAOB [2].

Ha lopHo-xumnyeckom 1 CMBUPCKOM XMMMUYECKOM KOMBUMHATaX,
a Takke B MocHINO «PagoH» Ha npoTaxeHUn pAaga neT NpoBOAATCA
KOMIM/IEKCHbIE NCCNeA0BaHMSA BANAHUA MUKPOOPraHM3MOB Ha 6e30-
MacHOCTb A0NrOBPeMeHHOro xpaHeHus PAO [3-7].

OcHoBHyto gonto PAO (295%) cocTaBNstOT HU3KOAKTUBHbIE KUA-
Kune oTxodpl. B MX cOCTaB BXOAAT HUTPAT M cyabdaT HaTpus, aueTar,
NOBEPXHOCTHO-aKTUBHbIE BELLECTBA, SKCTPAreHTbl U pasbasutenn.
Pagpoxumuueckunii coctas — Sr, 1¥7Cs, 23°Pu; 3B<1%10° Ku/am. B
HacTosLLee BPemsa YCTaHOB/IEHO, YTO GU3MKO-XMMUYECKME NPeob-
pa30BaHMA MaKPOKOMMOHeHTOB PO 06ycnoBAEHbI PaanaLMOHHO-
TEPMUYECKMMU U MUKpobMonornyeckumm  npoueccamu  [8].
KU3HeaeaTeNbHOCTb MUKPOOPraHWM3MOB TaKKe MHULMUPYET paspy-
LUeHMe LemeHTHbIX maTpuy, ¢ PAO.

MUKpPOOPraHM3Mbl MOTYT BAWATb Ha GYHKLMOHMPOBaAHWE Xpa-
Hunmw, PAO B pesysibTaTe MX BO3AEWCTBUA HAa reOXMMUYECKMe napa-
METPbI NOA3EMHOr0 MectoobuTaHms [3-5]. 9To Bo3geicTBre MHOrO-
06pasHo M BK/IOYAET:

— B/IMSIHNE MUKPOOPraHNM3MOB Ha COCTaB U MUIPaLMIO PaaMoHy-
KnAaos (6rocopbuma, BUoaKKyMynALMA U AUCCUMUIALMOHHOE BOC-
CTaHOB/IEHME METANNI0B U MeTannonaos, Hanpumep, U (VI), Se (VI),
Cr (VI), Hg (I1), Tc (VII), V (V), Au (I1), Ag (N n T.4.);

— YCKOPEHWEe MUIpaumMm PaavoHYKIMAOB MpU MX Nepemele-
HWUM BMECTE C MMKPOOPraHW3mMammn Uan 3ameaieHme MArpauum npm
KOHLEHTPUPOBaHMK B BUONNEHKAX;
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In long-term storage and/or disposal of radioactive waste, mi-
crobiological processes play an important, and in some cases a
vital role. Accordingly, microbiological monitoring is an impor-
tant factor, which follows and predicts these processes in order
to provide for the required level of radiation safety at radwaste
repositories.

In the Russian Federation long-term isolation of liquid radwaste is
carried out predominantly in deep-lying aquifers, whereas solidified
waste is contained inside cement and glass matrices and placed into
near-surface repositories [1]. Radioecological safety of the reposito-
ries is monitored, and predictions are made for the development of
undesired and potentially dangerous processes, such as temperature
rise, gas generation and migration of radionuclides [2].

Enterprises such as the Mining Chemical Combine, Siberian
Chemical Combine and Radon Moscow have for a number of years
been performing integrated research of the impacts that microorgan-
isms are making upon the safety of long-term radwaste storage [3-7].

The vast majority of radwaste (295%) is represented by low-level
liquid wastes. Their compositions tend to include sodium nitrate
and sulphate, acetate, surface-active substances, extractants and
diluents. Their radiochemical compositions include *°Sr, **’Cs, °Pu;
¥B<1%10° Ci/dm?3. It has currently been established that physical and
chemical transformations of liquid radwaste macro-components are
attributable to radiation-thermal and microbiological processes [8].
Growth of microorganisms can also trigger deterioration of cement
matrices.

Microorganisms can influence functioning of radwaste reposito-
ries upon impacting geochemical parameters of their underground
habitats [3-5]. This impact is diverse and includes the following:

—impact of microorganisms upon the composition and migration
of radionuclides (bio-sorption, bio-accumulation and dissimilatory
reduction of metals and metalloids, for example U (VI), Se (VI), Cr (VI),
Hg (I1), Tc (VII), V (V), Au (lll), Ag (1), etc.);

— increased migration of radionuclides captured by microorgan-
isms or, conversely, inhibited migration when radionuclides build up
in biofilms;

— biogenous generation of gases (Nz, H,S, CH,, COZ), caused by
biological activities of denitrifying, sulphate-reducing and methane-
producing microorganisms;
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— broreHHOe razoobpaszoBaHmne (NZ, HZS, CH4, COZ), BbI3BaHHOE
KU3HEAEATENbHOCTBIO AEHUTPUOULMPYIOLWMX, CynbdaTpeayLmpyto-
LMX M METaHOBPA3YHOLLMX MUKPOOPraHWU3MOB;

— dopmmMpoBaHME HOBbIX MUHEpPabHbIX ¢a3 C BKAOYEHMEM pa-
[OMNOHYKNMAOB;

— 0bpa3oBaHMe KOMMIEKCOOOPA3YHOLLMX U arpeccUBHBIX K MU-
HepasibHbIM NOPOAAM COEAVMHEHUI;

— n3meHeHwue BennumH pH 1 Eh 1 apyrmue npoueccl.

MWUKPOBUONTOIN'MYECKUE NPOLECCHI

B MMYBUHHbIX XPAHUNTULWWAX XUOKUX HAO

MOCKONbKY MOHM3MPYIOLLEE M3yYeHUE PaAMOaKTUBHbIX M30TO-
NOB NOAABNAET }KMU3HEAEATEIbHOCTb BUOTbI, 3aMEeTHOE BANAHUE MU-
KpoopraHnmamoB Ha PO orpaHuyMBaeTcA B OCHOBHOM OTXOAaMM C
HM3KMM YPOBHEM aKTUBHOCTY.

B nnactoBoi uakoctn xpaHunuw, PO Ha noauroHax MXK m
CXK obHapy:KeHOo pa3Hoobpa3Hoe Co0bLLECTBO MUKPOOPraHU3MOB,
CNOCOBHbIX OCYLLECTBATb a3POOHOE OKUC/IEHNE OPraHUYECKUX Be-
LLECTB, @ TaKKe Mpouecchbl bpoxkeHnsa, AeHUTpUdUKaumn, cynbda-
TpeayKuMn 1 metaHoreHesa (puc. 1). Hanbonee mHorouncneHHoM
(npu copepxaHnM HUTpaT-MOHOB B naacte ~0,5 r/am?®) 6bina rpyn-
na AeHUTPUOULMPYIOLWMX MUKPOOPraHM3MOB, KOTOPbIE OKUCAAIOT
opraHMYecKme BeLLLECTBa B MPUCYTCTBUM BO3yXa M CNOCOBHbI Nepe-
K/IHOYaTbCA Ha aHa3PO6HbI MeTabosIM3M B Ero OTCyTCTBME.

B 6MOXMMMYECKMX NPOLLECCaX, NMPOUCXOAALLMX B XUAKMX PAO,
OpraHuMYecKkne CoeaMHeHUn BbICTYMakoT B KauyecTBe [OHOPOB 3/1eK-
TPOHOB, @ KMUC/IOPOA, Y HUTPAT-MOHbI — aKLLENTOPOB 3/1IEKTPOHOB. B
npouecce meTabonnsama obpasyroTcs asoT, YIIEKUC/bIN a3 U opra-
HUYECKMEe KUCNOTbl. Hanpumep, B NPUCYTCTBUM YKCYCHOM KUCIOTbI
N HWUTPATOB (OCHOBHbIX MaKpoKkomMmnoHeHToB HPO) crexvomeTtpus
npouecca AeHUTPUOUKALUM MONKET ObiTb OMMCaHA CheadytoLmvm
ypaBHeHMEM:

5CH,COOH +8NO, > 10CO, + 4N, + 6H,0 + 80H'

Cneacteem MMKPOBMONOTMYECKMX OKMUC/IUTE/IbHO-BOCCTaHO-
BUTE/IbHbIX PeaKLMi ABAAETCA TO, YTO NPU HarHeTaHUWM HUTPATCO-
OepyKaLmx *Kuakmx PAO B nogsemHble ropu3oHTbl akTUBU3MPYET-
CA KU3HEAEATENIbHOCTb AEHUTPUPULMPYIOWMX MUKPOOPraHM3MOB
B N/IACTOBbIX *KMAKOCTAX. Mpy 3TOM 0BHapy»KMBaeTCA NpaAman Kop-
penaumsa mexay KoHueHTpaumel B -XPO HATPATOB M YUCIEHHOCTbIO
OEHUTPUOULMPYIOLMX MUKPOOPTaHM3MOB: NMPU YMEHbLIEHUN KOH-
LeHTpaLUMM HWUTPATOB BAO/b KOHTYpa PacnpoCTPaHEHWA OTXOLOB
YUCNIEHHOCTb MMKPOOPraHM3MOB CHUMKaeTCA (puc. 2).

JNlabopaTopHble 3KCNepUMEHTbI MOKA3aau, YTO MUKPOOPraHm3-
Mbl B NJacTOBOW BoAe, 0b6OoralleHHOW HUTPAT- U aueTaT-MoHaMum
(2 r/am® 1 4 r/om® COOTBETCTBEHHO), BOCCTaHAB/IMBAIOT BHECEHHbIE
HWUTPATbI B 9KONOTMYECKM 6e30MacHbIi MONEKYIAPHBIN a30T 3a 25 cy-
TOK (puc. 3).

MepeHoC AaHHbIX, NOMYYEHHbIX B TaBOPATOPHbIX YCIOBUAX, Ha
NpoLLecchl, NpoTeKatoLye B cneunduyeckmnx ycaoBmsax noa3eMHoro
XPaHWUAWLLA, 3aTpyaHEH. Tem He MeHee, MOXKHO OXMUAATb, YTO MU-
Kpobuonorvyeckne npeobpasoBaHUA XxMmmUYeckoro coctasa PO
NPOTEKAIOT TaKKe AOCTAaTOYHO bbICTPO. 3TO, B CBOO oYepesb, byaer
onpeaenaTb XMMUYECKOe COCTOsIHME U NOBEAEHWE PAaANOAKTUBHbBIX
M30TOMOB, B YaCTHOCTU, UX MUTPALLMIO. Pe3ynbTaTbl SKCNepMMeHTOB
CBUAETENbCTBYHOT, YTO HaKTEPUKM, 0BUTaOWME B NAACTOBOM KUAOKO-
CTU XPaHUAULLA, CMOCOBHbI YMEHbLLIATb TOKCMYHOCTb PaAMOaKTUB-
HbIX OTXOZI0B, 0OYC/IOB/IEHHYIO HA/IMYMEM HUTPAT-MOHOB (puc. 3).
M3 nnactoBoii BoAbl BblAENEH PAA LUTAMMOB TaKUX AEHUTPUPULM-
pytoLmx 6aKkTepuii.

MpucyTcTBME HUTPAT-MOHOB B PAO 3HaUMTENbHO yXyALAeT copb-
LUMOHHbIE CBOWMCTBA MOPOA, BMELLAIOLWMX PAagMOHYKAUAbI, @ TaK-
e MOXKET MHIMbMpoBaTb MMKPOBHOE BoccTaHoBneHue 23U (VI).
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Puc. 1. Y1cneHHOCTb MUKPOOPraHU3mMoB (Knetok B 1 cm®) ocHos-
HbIX GU3MONOTUYECKMX FPYMN B MPO6E KMUAKOCTU U3 CKBAXKMHDI, Ha-
xoaawencs B 30He pacnpoctpaHeHuna HAO (FXK, noauroH «Cesep-
HbI»): 1 — geHUTpudULMpyowme; 2 — cynbdaTpeayumpyowme;

3 — 6poannbHble; 4 — meTaHObpasytoLwme U 5 — MeTaNNBOCTaHABAN-
Batowme

Fig. 1. The number of microorganisms (as log cells number per 1
cm?) representing the main physiological groups found in the liquid
sample collected from a well within the LLW presence zone (MCC
site, Severny waste repository): 1 — denitrifying; 2 — sulphate-reduc-
ing; 3 — fermenting; 4 — methane-producing; 5 — metal-reducing

—formation of new mineral phases with radionuclide inclusions;

— formation of compounds that are chelating and aggressive to
mineral rock;

—changes in pH and Eh values and other processes.

MICROBIOLOGICAL PROCESSES

IN UNDERGROUND LIQUID LLW REPOSITORIES

As ionising radiation emitted by radioactive isotopes suppresses
life activity of the biota, noticeable impact of microorganisms upon
liquid radwaste is primarily limited to the wastes that have relatively
low levels of radioactivity.

The stratal waters in the liquid radwaste disposal sites at the MCC
and SCC sites have been found to contain a variety of microorganisms
capable of producing aerobic oxidation of organic matter, as well as
fermentation, denitrification, sulphate-reduction and methane-gen-
eration (see fig. 1). The most numerous (with nitrate ion content in
the layer of ~0,5 g/dm? ) was the denitrifying group of microorgan-
isms, which cause oxidation of organic substances in the presence of
air and can switch to anaerobic metabolism when it is absent.

In biochemical processes that occur in liquid radwaste, organic
compounds act as donors of electrons, with oxygen and nitrate ions
acting as acceptors of electrons. The metabolism process generates
nitrogen, carbon dioxide and organic acids. For example, in the pres-
ence of acetic acid and nitrates (key macro-components of liquid
radwaste), the stoichiometry of the denitrification process may be
described using the following equation:

5CH,COOH + 8NO, - 10CO, + 4N, + 6H,0 + 80H"

A consequence of microbiological oxidation and reduction pro-
cesses is that when nitrate-containing liquid radwaste is injected into
underground layers, life activities of denitrifying microorganisms in
bed waters tend to intensify. There appears to be a direct correlation
between the concentration of nitrates in the liquid radwaste and the
number of denitrifying microorganisms: when nitrate concentration
along the boundary of the waste dissemination zone goes down, so
does the number of microorganisms (see fig. 2).

Laboratory experiments have demonstrated that microorganisms
in stratal water enriched in nitrate- and acetate-ions (2 g/dm?and 4 g/
dm?, respectively), reduce incoming nitrates to environmentally safe
molecular nitrogen within 25 days (see fig. 3).

NUCLEAR & ENVIRONMENTAL SAFETY
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Puc. 2. KoHueHTpauma HUTpaT-moHoB (1) n YyncneHHoCTb AeHU-
TPUOULMPYIOLLMX MUKPOOPraHM3moB (2) B Npobax, oTobpaHHbIX B
2004 ropy w3 CKBaXKWH rnybuHHOro xpaHuauwwa KPO (MXK, nonuroH
«CeBepHbI»), PacCnONOMKEHHbIX HA PA3HOM PACCTOAHWUM OT HarHeTa-
Te/IbHbIX CKBAXKUH

Fig. 2. Nitrate-ions concentration (1) and number of denitrifying
microorganisms (2) in samples collected in 2004 from wells in the
deep liquid radwaste repository (MCC site, Severny waste reposi-
tory), located at various distances from the injection wells

Mo3TOMY MOYKHO OXMAATb, YTO CHUMKEHWE COAEPHKAHUA HUTPATOB B
nnacte 6yaeT cnocobCcTBOBATh Y/y4LLEHMIO 3KOIOrMYecKoi besonac-
HOCTM NOA3EMHbIX XPaHUAULL, Xungxrux PAO.

BOMbLUMHCTBO a3pO6HbIX BAKTEPUIA, BbIAENEHHbIX HA MOIMIOHAX
CXK 1 XK, cnocobHbl copbrpoBaTh (aKKyMy/IMPOBaTb) aKTUHUAbI U
Apyrve TpaHCypaHoBbIe 3/IEMEHTbI, BXOASALLME B COCTaB OTX0A0B (Pu
(IV), Np (V), U (V1), Am (Ill) u Sr (1)), n He copbupytoT *’Cs. B nabo-
PaTOPHbIX SKCNEPUMEHTAX B MUHEPANbHOM Cpeae C HeWTPanbHbI-
MM 3HaYeHUAMMU pH maKkcumasibHoe u3BnedeHne bromaccoin 2*¢Pu
cocrasnsano 77%, ¥’Np — 92%,3U — 76%, 2**Am — 72%, °°Sr — 33%
[4]. OgHako BKMag, 6MocopbLMM aKTUHNAOB B NAACTOBOM HKUAKOCTU
NpeACTaBAAETCA HE3HAUMTENbHBIM B CPAaBHEHMM € NpeobiaaatoLeit
NX copbLuMen Ha OrPOMHOM Macce BMELLAIOLLMX Nopos,. B nnactosoi
KUAKOCTU XpaHuamL, CXK obHapy»KeHbl 6akTepun poga Shewanella,
BoccTaHasmsatowme 23U (V1) u 2’Np (V) B npucyTCTBUM pasHbIX op-
raHUYECKUX CybCTPATOB, YTO CBUAETE/ILCTBYET O BO3MOMKHOCTU HUO-
FEHHOTO OCAXKAEHWUA U KOHLIEHTPMPOBAHWUA PAAMOHYKAUAOB B My-
6uHHOM xpaHuamie PO [5].

B pesynbrate AeHUTPUDUKALMM B NNACTOBOM *KMUAKOCTU NPOUC-
XOAWT HaKOMIEHWE ra30B, YTO MOXKET MPUBECTM K aBaPUIMHbIM CU-
Tyaumam — UISMEHEHUIO MPOHMULLAEMOCTU NAacTa, BbIbpoCy rasmpo-
BAHHOW *KMAKOCTM Ha NMOBEPXHOCTb U T.4. M3 pacyeTos, y4nTbiBato-
LLMX CTEXMOMETPUIO OKUCAUTENIbHO-BOCCTAHOBUTENBHOM PeaKLmm
HUTPAT- W aLETaT-UOHOB, CNEAYET, YTO MPU NOAHOM PA3NOKEHUM
HWUTPaTa BHYTPU KOHTypa PacnpoCTpaHEHMA OTXOAOB Ha MybuHe
200-300 m npv NOBbILWEHHOM AaB/eHMM BO3MOXKHO NepeHachblLLe-
HWe N1acToBOM BOAbI 06pasyoLwymMmca BUoreHHbIMM ra3amm — aso-
TOM W yrneKkucabiMm rasom. Mpexkae Bcero, cnefyet oxuaatb nepe-
HacbILEHMS a30TOM, HECMOTPS Ha TO, YTO ero obbem B 2,5 pasa
MeHbLLIE, YEM YIJIEKMC/IOTO ra3a. 3TO BbI3BAHO BbICOKOM PacTBOPU-
MOCTbIO Y XMMUYECKON GUKcaLmMel YINIEKUCOro ra3a B BOAE M Ha
nopoge. OaHaKo B LeoM M3-3a gudpPy3nn 1 pacTaHyToro Bo Bpe-
MeHN 06pa3oBaHMA ras, No-BMAMMOMY, ByaeT NocTerneHHo nepe-
pacnpegenatbea no obbemy xpaHunuwa. Bcneacrsue storo byaer
CHUXKATbCA obLiee faBfieHMe rasa, YTO YMEHbLUAeT BEPOSTHOCTb
nepeHacbILLEHMA UM NAACTOBOMN KMAKOCTU. BecnoKocTBO cKopee
[LO/MKHbI BbI3bIBaTh JIOKA/IbHbIE BblAEEHMA ra3a B cBOOOAHbIX 06b-
emax (NosocTAX), CHUMKEHNE NPOHMLLIAEMOCTU MAacTa U BO3HUKHO-
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Puc. 3. i3meHeHMe KOHLEHTPaLMM HUTPAT-MOHOB NPK TEMNEPATY-
pe 20°C B cpeae ¢ coobLECTBOM MUKPOOPTraHWM3MOB M3 NAACTOBOW
KUAKOCTU myBUHHOrO XxpaHuauwa PAO, XK

Fig. 3. Variation in nitrate-ions concentration at 20°C temperature in
a medium containing a community of microorganisms from forma-
tion fluid of a deep radwaste repository, MCC site

It is difficult to extrapolate data obtained in laboratory condi-
tions to processes that occur in the highly specific conditions of an
underground waste disposal site. Nevertheless, it is to be expected
that microbiological transformations of the chemical compositions of
liquid radwaste also tend to occur sufficiently fast. This, in its turn, will
determine the chemical state and behaviour of radioactive isotopes,
in particular, their migration. Experimental results provide evidence
that bacteria inhabiting stratal waters of disposal sites can reduce
toxicity of radioactive waste attributable to the presence of nitrate-
ions (fig. 3). Several strains of such denitrifying bacteria have been
isolated from stratal water samples.

The presence of nitrate-ions in radwaste causes a significant re-
duction in the sorption properties of host rock that contains radionu-
clides, and can also inhibit microbial reduction of 23U (VI). Hence, it is
to be expected that reduction in the nitrate content in the layer will
actually work to improve the level of environmental safety at under-
ground liquid radwaste disposal sites.

The majority of aerobic bacteria that have been identified at the
disposal sites of SCC Seversk and MCC Zheleznogorsk, are capable
of sorbing (accumulating) actinides and other transuranic elements
included in the waste (Pu (IV), Np (V), U (VI), Am (lIl) and Sr (1l)), and
fail to sorb *¥’Cs. Laboratory experiments in a mineral environment
with neutral pH values have demonstrated the highest rate of biotic
extraction of 28Pu of 77%, Z’Np of 92%, 23U of 76%, ***Am of 72%,
and *°Sr of 33% [4]. However, this contribution of actinide biosorp-
tion in stratal water appears insignificant when compared to the
vastly prevalent sorption of radionuclides by the enormous mass of
host rock. Stratal waters at the disposal sites of SCC have been found
to contain the Shewanella species of bacteria, which act to reduce
23U (V1) and *'Np (V) in the presence of various organic substrates,
providing evidence that it is possible for biogenous deposition and
concentration of radionuclides to occur in deep liquid radwaste dis-
posal sites [5].

As a result of denitrification, stratal waters tend to accumulate
gases, potentially leading to accidental situations — change in layer
permeability, release of gasified liquid out onto the surface, etc.
Calculations have been made to account for oxidation stoichiometry
and reduction reactions in nitrate- and acetate-ions, which demon-
strate that with complete decomposition of nitrate inside the waste-
containing zone at the depths of 200-300 metres with elevated pres-
sure, it is possible for stratal water to become oversaturated with
biogenous gases such as nitrogen and carbon dioxide. Oversaturation
with nitrogen is primarily to be expected, despite its volume being 2.5
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BEHME KOIbMATaUMOHHbIX ABNEHUI. 3TN U Apyrne 0b6CToATENbCTBA
HeobXxoaMMOo yunTbIBATL AJ1 obecneyeHnn 6e3onacHol aKcnyaTa-
LMK Noa3eMHbIx XpaHuauiy, *KPO.

Taknum obpasom, buoreHHoe npeobpasoBaHue Kuakmux HAO B
NoA3eMHbIX XPaHWAMLLAX MPOUCXOANT 33 CYET KM3HeaeATeIbHO-
CTM MUKPOOPraHM3MOB Pas/InYHbIX GU3NOIOTUYECKUX TPYMN U 3a-
K/IIOYAETCA B CHUMKEHUM KOHLEHTPALMM HUTPATA HAaTPUA, OpraHu-
YeCcKux BelLecTs, 0b6pa3oBaHMM YINIEKUCNONO rasa, U, Npu onpeae-
JIEHHBIX YCN0BUSAX, COPOLMM TPAaHCYPaAHOBbLIX 3/1EMEHTOB.

MWUKPOBUONTOINNMYECKAA AECTPYKLUUA

LEMEHTUPOBAHHDbIX PAO

Ha YN MocHMNO «PagoH» wuccnegoBaHbl MUKPOBUMOLEHO-
3bl HATPATCOAEPXKALLUMX LLEeMEHTHbIX KOMMayHA0B ¢ PAO, M3bATbIX
13 MPUNOBEPXHOCTHbIX 06beKToB nocse 40 neT xpaHeHus. B 06-
pasuax M3Me/IbYEHHOTO LeMEHTHOTO KOMMayHa, TaK ¥Ke, Kak U B
yBUHHBIX XpaHunuwwax CXK u MXK, obHapyKeHbl AeHUTpudULM-
pytowme, bpogunbHble U cynbdaTpeayumpyowme baktepmum Ync-
neHHoctbio 102-10% KOE (KonoHueobpasyowmx eanHul) Ha
1 cm® KomnayHAa. BblgeneHbl B YACTYIO KynbTypy 6akTepun posos
Bacillus, Pseudomonas, Rhodococcus, Alcaligenes, Micrococcus,
Mycobacterium, Arthrobacter, Flavobacterium.

B nabopaTopHbIX yc10BMsAX Bbi10 NPOBEAEHO Ky6TUBUPOBaHME
Npob LeMeHTHbIX KOMNayHA0B B MMHepasibHOM cpeae (cybcTpatamm
BbICTYMa/IN OpraHWYeckMe maTtepuasbl U3 cocTaBa KOMMNayHaa — Be-
ToWb, Bymara v T.4,). YcTaHOB/EHO, YTO 3a 32-116 CyTOK B aHa3pob-
HbIX YC/IOBUAX B PE3Y/ILTATE XKMU3HEAEATENbHOCTU MUKPOOPraHU3MOB
sbiaenatotca N, n CO, B KoHUeHTpaumm (8,6-10,6)*102 mn/cyT 1 Hus-
KOMO/IEKY/IAPHbIE OpraHUYecKkuMe KWUCNOTbl (aueTaT-, MponuoHar-,
6yTMpaT-aHMOHbI) B KoHUeHTpauum (0,9-4,1)%10° mmonb/cyT B pac-
yeTe Ha 1 cm® LeMEHTHOro KomnayHAa.

Bblaensiemble MUKPOOPraHM3MaMmM BELLECTBa HEraTMBHO Aen-
CTBYIOT Ha NOPT/IAHALEMEHTHYHO MaTPULLY, KaPOOHU3NPYA U HEINTPa-
JIM3yA OCHOBHbIE rMApPaTHbIE MUHepasbl c 06pa3oBaHMEM PAcTBOPU-
MbIX M BbIMblBaeMbIX BOAOW CONEN:

Ca(OH),+ CO, > CaCO, +H,0;

Ca(OH),+ CO, -> Ca(HCO,),;

Ca(OH),+ 2CH,COOH -> 2H,0 + Ca(CH,CO0),.

Takue npouecchl ABAAIOTCA UHULMMUPYIOLLMM GaKTOPOM pas-
PYWeHUA MMKPOCTPYKTYPbl LIeMEHTHbIX KomnayHgos ¢ PAO,
MHOTOKPATHO YCUIMBAOLWMMCA CE30HHbIMM Mepenagammn Tem-
nepaTtyp 1 genctenem Boapl. Kak cBUAETENbCTBYHOT MUKPOPOTO-
rpadun HUTPATCOAEP KALMX LLEMEHTHbIX KOMMNAayHA0B 6e3 6uo-
UMAHbIX A06aBOK nocne 8,5 neT XxpaHeHUs, MUKPOTPELLUHbI U
nopbl B LLEMEHTHOW MaTpULE 3amnoHEHbI KPUCTaAN0rMAPaTHbI-
MW U30/IMPOBaHHbIMK da3amm HUTPaTa U rMapPoKapboHaTa Kasb-
ums (puc. 5 (1)), KoTopble cNOCO6HbI ETKO BbIMbIBATLCA U3 KOM-
nayHAa, HapyLasn NPOYHOCTb U HAZEKHOCTb IOKAAN3aLNN pagm-
OHYKANZO0B. B MUKPOCTPYKTYpe LEeMEHTHOW MaTpuubl B 3HAYU-
MOM Konudectse (8o 10-12%) obHapyKeHbl NPOAYKTblI BuoreH-
HOTO KWCNOTHOTO PA3/IoXKeHUs TMAPOCUIMKATOB KaNbLMsA, YTO
CTaHOBUTCA NPUYMHOM CamMopaspyLLEeHUs CTPYKTypbI (puc. 5 (2)).
MUKPOCTPYKTYpa LEMEHTHbIX KOMMNayHA0B C BUOLMAHBIMU A0-
6aBKaMu, HaNPOTWB, XapaKTepM3yeTca MIOTHbIM MOHOJUTHbLIM
Kapkacom (puc. 5 (3)).

YCTaHOBAEHO, YTO C NOMOLLbIO 406aBOK BMOLMA0B B LLEMEHT-
HYIO MaTpULLy MOXHO 3¢pdEKTUBHO NpeaoTBpaLlaTh NPOTEKaHUE
MWKPOBMONOrMYECKMX NPOLLECCOB, MOBbIWAA HAAEKHOCTb UHMKe-
HepHbIX 6apbepoB, NPEnATCTBYIOLWMX BbIXOAY PaAMOHYKAUAOB B
NPUKOHTYPHYHO 30HY XPaHUNLL,

OnucaHHble Bbille UccieaoBaHuA nogaepaHol POOU (rpaHT
Ne 11-04-92116) 1 npe3naeHTCKMM rpaHTom MK-2330.2012.3.
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times less than that of carbon dioxide. This is due to the high solubili-
ty and chemical fixation of carbon dioxide in water and on the rock. In
general, however, as a consequence of diffusion and extended gen-
eration time, the gas will likely gradually re-distribute itself around
the location. As a result, the total gas pressure will diminish, reduc-
ing the probability of stratal water oversaturation. Of more concern
should perhaps be local gas releases into available volumes (cavities),
reduction of layer permeability and occurrence of colmatation phe-
nomena. These and some other circumstances should be taken into
account for assurance of operational safety of underground liquid
radwaste disposal sites.

Therefore, biogenous conversion of liquid LLW in underground
disposal sites occurs as a result of life activities of microorganisms
belonging to various physiological groups and works to reduce the
concentration of sodium nitrate, organic matter, generation of car-
bon dioxide, and, under certain conditions, sorption of transuranic
elements.

MICROBIOLOGICAL DESTRUCTION

OF CEMENTED RADWASTE

Radon Moscow has conducted microbiocenosis research of ni-
trate-containing cement radwaste compounds recovered from near-
surface repositories after 40 years of storage. The cement compound
samples were milled, and found to contain, just like deep reposito-
ries at the SCC and MCC sites, denitrifying, fermentive and sulphate-
reducing bacteria numbering 10%>-10* CFUs (colony-forming units)
per 1 cm?® of compound. Pure strains of the Bacillus, Pseudomonas,
Rhodococcus, Alcaligenes, Micrococcus, Mycobacterium,
Arthrobacter, Flavobacterium species of bacteria have been identi-
fied.

In laboratory conditions, samples of cement compounds were
cultivated in a mineral environment (used as substrate were organic
materials included in the compound — wiping rags, paper, etc.). It
was established that within 32-116 days in anaerobic conditions as a
consequence of growth of microorganisms, releases occur of N, and
CO, in (8.6-10.6)*10 ml/day concentrations and low-molecular or-
ganic acids (acetate-, propionate-, butyrate- anions) in (0.9-4.1)*103
mmole/day concentrations per 1 cm® of cement compound.

The substances released by microorganisms produce a negative
impact upon the Portland cement matrix, carbonising and neutralis-
ing the main hydrated minerals with formation of soluble and wash-
able salts:

Copbuwms, % / Sorption, %

¥/ Np(V)
T

Puc. 4. Copbuma pagMoHyKkaMaos bGruomaccoit 6aktepun

P. fluorescens C64-1 npu pa3nnyHbIX 3HaYeHusx pH pacTeopa (aaH-
Hble E.A. JlykbaHoBsol) / Fig. 4. Sorption of radionuclides by the P.
fluorescens C64-1 bacteria biomass at various levels of pH in the
solution (E.A. Lukyanova)

NUCLEAR & ENVIRONMENTAL SAFETY

97



OBPALLEHWME C PAO

RW MANAGEMENT

* k ok

3apybekHble MCCNeAoBaTENN TaKKe OTMEYAIOT BaXKHYH POJb
Pa3/IMYHbIX rPYNN MUKPOOPraHWM3MOB B XPaHEHUWN PAZMOAKTUBHbIX
oTXo40B. TaK, B Xof4e MUKPOOWMONOTMYECKMX UCCNefoBaHuin 6amnkK-
Hel 30Hbl XPaHUIMLLA BbICOKOAKTMBHbIX PAO B XaHdopae (CLLUA),
3arpA3HEHHOrO  LEN0oYbo, HUTPaTaMu, astoMUHATaMK, Xpomata-
MK, B’Cs 1 *°Tc, 6bliM 0BHapY!KeHbI Pa3nnyHble aspobHble rete-
poTpodHble 6aKkTepun, B TOM YUC/IE BbICOKO PaIMOPE3UCTEHTHBIE.
MwuKpobuonormieckue nccnefoBaHUA, NPOBOAMBLUMECA Ha NIOLLAA-
ke B CaBaHHa PvBep, N03B0/IMAN BbIABUTL Pa3HOOOPa3HYO MUKPO-
dnopy, B TOM uucne cynb-
daTpepyumpyowme  H6ak-
Tepun, CnocobHble UHULK-
MpoBaTb npoueccbl  6uo-
KOpO3MM eMKOCTe C OT-
xogamu. WccneposaHna B
Ok Pupke nokasanu, yto
MeTaIN0BOCCTaHaBAMBA-
fowme bBakTepum  Knacca
6-Proteobacteria  yyactsy-
0T B PaspyLUeHUn MeTan-
JINYECKUX KOHCTPYKLUUA U
CNOcobHbI U3MEHATDL cTene-
HW OKMCNEHMA TPaHCYpaHo-
BbIX 3/1EMEHTOB.

AKTMBHOCTb MUKPOOPraHM3MOB 3aBUCUT OT MECTHbIX YC/I0BUIA
N MOXKET C/YKUTb MHAMKATOPOM U3MEHEHUA Cpefibl X OBUTaHWA.
K HacToALLemy BpemeHW B paMKaX pas/InYHbIX HALMOHa/IbHbIX reo-
MUKPOBMONOrMYECKMX MPOrPaMM UCCIEA0BAHbI MUKPOOPraHU3Mbl
reosIorMyeckmMx GopmaLmii, paccMaTpuBaemMbix B KauecTse BMeLla-
IOLLMX NOpoA, ANA NpoekTupyemblx XpaHunuw, PAO. C 3toi Lenbto
M3yyeHbl rpaHUTHble dopMaLmm 1 BMellatoLme nopogpl B KaHaze,
AnoHuu, LWeeuunn, GuHnanamm, Leeliuapum n BennkobputaHuu,
ocagouHble nopoabl B benbrun, lfepmanuu, Utanum n AnoHuu, rmn-
COBble U CONAHble OTNI0XeHUA B LLiBeluapum 1 fepmaHnm 1 BySIKaHK-
yeckue Tydbl 8 CLUA [9-11].
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Puc. 5. MukpocTtpyKTypa uemeHTHoro komnayHaa ¢ PAO nocne 8,5 net xpaHe-
HWA B YCNIOBMAX NPUNOBEPXHOCTHOIO XpaHuaumwwa: 1, 2 — 6e3 buounaHbix Aoba-
BOK; 3 — ¢ BuouunaHoit gobaskoit / Fig. 5. Microscopic structure of a cemented
radwaste compound after 8.5 years of storage in a near-surface repository
conditions: 1, 2 — without biocidal additions; 3 — including a biocidal addition

Ca(OH),+ €O, > CaCO,\, + H,0;

Ca(OH),+ CO, -> Ca(HCO,),;

Ca(OH),+ 2CH,COOH -> 2H,0 + Ca(CH,COO),.

These processes act as the initiating factor to deterioration of
the microscopic structure of cement compounds that contain the
radwaste, greatly intensified by seasonal temperature fluctuations
and impact of water. As evidenced by microphotographs of nitrate-
containing cement compounds without biocidal additions after 8.5
years in storage, micro cracks and pores in the cement matrix are
filled with crystallohydrate isolated phases of nitrate and calcium
hydrogen carbonate (see
fig. 5 (1)), which can easily
be washed out of the com-
pound, weakening it and
reducing the reliability of
radionuclides containment.
The microscopic structure
of the cement matrix was
found to contain significant
quantities (up to 10-12%)
of products generated by
biogenous acid-aided de-
composition of calcium
hydrosilicates, which cases
the structure to self-destroy (see fig. 5 (2)). Conversely, the micro-
scopic structure of cement compounds that included biocidal ad-
ditions, appeared to retain a dense and monolithic structure (fig.
5(3)).

It was established that biocidal additives to cement matrices
can be used to effectively prevent occurrence of microbiological
processes, increasing reliability of engineered barriers that block
release of radionuclides into the areas adjacent to the repositories.
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International researchers also note the important role of var-
ious groups of microorganisms in storage of radioactive waste.
For instance, microbiological research of the border zone of
the high-level radwaste repository at Hanford (United States),
contaminated with alkali, nitrates, aluminates, chromates, **’Cs
and *°Tc, identified a number of aerobic heterotrophic bacteria,
some of them being very radiation-resistant. Microbiological re-
search conducted at the Savannah River site identified a diverse
microflora, including sulphate-reducing bacteria capable of trig-
gering bio-corrosion processes in the waste-containing vessels.
Research at Oak Ridge demonstrated that metal-reducing bac-
teria belonging to the class 6-Proteobacteria participate in the
deterioration of metallic structures and can cause changes in the
extent of transuranic elements oxidation.

Exact activity of microorganisms depend on the conditions of
the specific habitat and can serve as an indicator of changes in
the environment. So far, various national geomicrobiological pro-
grammes have been conducted to study the microorganisms that
inhabit geological formations considered as suitable host rocks
for future radwaste repositories. For that purpose, research of
granite formations and potential host rocks has been performed
in Canada, Japan, Sweden, Finland, Switzerland and Great Britain,
of sedimentary rocks in Belgium, Germany, Italy and Japan, of
gypsum and salt deposits in Switzerland and Germany and of vol-
canic tuff in the United States [9-11].

Ne 1'2012





