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B B Mupe pacteT UHTEpec K M3y4YeHUo
KOpPpO3uu MaTepranoB, NPUMeHAEeMbIX B
MHXeHepHbIX 6apbepax npu o6paLLeHUn
C PaAV0aKTMBHBIMU OTXOJAMU, @ TaKKe 0cobeHHOCTell npo-
TeKaHUA TaKMX NPOLIECCOB NMPU HENOCPeACTBEHHOM KOHTaKTe
Pa3nMuHbIX MaTepuaoB B UHXeHepHbIX 6apbepax XpaHu-
nuw, PAO. 06 3Tom cBUAeTeNnbCTBYIOT pesynbratbl IV Mexay-
HapoAHOro KoHrpecca «[MuUHbI B €CTECTBEHHDIX U UHXeHep-
HbIX 6apbepax npu o6paLLeHn C pafroakTUBHBIMU 0TX0Aa-
Mu», coctosABLueroca BecHon 2010 roga Bo OpaHuun.

JKCMEPUMEHTbI B MOHT TEPPU

Jlokaipl, Ipe/icTaBIeHHble Ha KOHTPeCce, ULTIOCTPUPYIOT
YCHUJIMBIIIEECST CTPEMJIEHNE CIIEIHATINCTOB K COBMECTHOMY Pe-
TIEHIIO CJIOKHBIX, TPYIOEMKIX 1 MHOTOIUTAHOBBIX TTPOOIIEM,
KOTOPBIE B 9TOM CJIyyae MOTIyT (DMHAHCHPOBATHCS M3 Pa3HbIX
UCTOYHUKOB, B TOM uucJie 3apyOeskibix. Bosiee yacTbiMu cra-
JIV IPUMEPBI TIPEIOCTABJIEHSI TIOI3EMHBIX 1 TIPUTIOBEPXHOCT-
HBIX XPaHWIUI, 000PYAOBAHHBIX IS IIPOBEACHUS HAy4YHO-
HCCIENI0BATENBCKIX PabOT, KOJLIEraM U3 APYIuX CTPaH, a TakK-
JKe COBMECTHOE TTPOBEJIEHNE IKCIIEPUMEHTOB. SApKuii mpuMep
9TOMY — UHTEPHAI[MOHATIbHBIE UCCJIENOBAHUSI B TIOI3EMHOI
naboparopun URL (Mout Teppu, IIseiinapus).

Tak, 11s1 mosrydeHust BakHOW nHbopMarmm 06 0cobeH-
HOCTSIX BOCITPUSATHUST HATPY3KU U /1ehOPMAIIIOHHOTO TIOBEJIe-
HUS BO BDEMEHH OTTAJIOBBIX TJIFH YYEHBIMU TeXHOJIOTIYECKOTO
yauepcutera lepmanvn (topoa Kiaycrxosmn) ¢ 25 mast o 17
cenrsa6pst 2009 roza 371ech ObLIN HCCIEI0BAHBI TPU MPOOYPEH-
Hble B COOTBETCTBYIONIEN (hOPMAINU CKBYKUHBI THAMETPOM
120 MM — 1Be cyGropusoHTabHbIe AyTHHON 1o 10 M 1 oHa Ha-
kmonHast (60°) o 25 m [1].

WccenenoBanist COCTOSTHIS CTEHOK CKBAKUHbI M YMEHbIIIe-
HYSI BHYTPEHHETO JIMaMeTpa BO BPEMEHHU ITPOBOJIUIIUCH C TI0-
MOIIIBIO CTIEINAIbHO BePTUKATBHON BUICOKAMEPLI U PYYHOTO
HyTpoMepa (M3MEPUTENTLHOTO MHCTPYMEHTA JIJIS OLIPE/IEIEH ST
pa3MepoB OTBEPCTHIA, TIA30B U JAPYTHX BHYTPEHHUX TIOBEPXHO-
creit). Habmomenus sadukcupoBany XapakTepHble 0coOeH-
HOCTH TIPOIIECCA Pa3PYIIEHUsT CTEHOK CKBAKUHBI (OTCIOEHUE
TOHKUX TJIACTHH TJIMHBI 110 BCEMY MEPUMETPY, CPEIHUN pas-
Mep IUIONIA/N OTCIOMBIINXCS (DPArMEHTOB — OKOJIO 25 cM?) U
BEJIMYMHY CY>KEHHsI CKBaYKMHBI T0]] IEHCTBIEM T'OPHOTO JIaB-
JIHVsI BO BPEMEHU — B CPEIHEM Ha 5 MM 3a BpeMsi HalJtiojie-
nuii B Tedenue 116 cyTox.

B Hacrosiiee BpeMst B TIOJA3eMHON TPYHTOBOI J1abopaTo-
pun B Mont Teppu criermamictsr Mpanmmn, [IBeiinapun,
Anonuun n Kanazipl u3ydyaroT XapakTep 1 CKOPOCTh KOPPO3UH
pasunbIx copros craneii (Inconel 690, nepskaseroneil cra-

Ne 32010

A.V. TKACHENKO, Candidate of Technical
Science,

Y.V. LITINSKY, Candidate of Technical
Science

(SUE SIA Radon Moscow)

® [nternationally, there is a growing inter-
estin studies of corrosion of materials that
are used as engineered barriers for man-
agement of radloactlve waste, as well as specifics of how such
processes occur in the event of direct contact between various
materials in engineered barriers of radwaste storage facilities.
Ample evidence of that is provided by the results of the IV In-
ternational congress "Clays in natural and engineered barriers
for management of radioactive waste", which took place in the
spring of 2010 in France.

MONT TERRI EXPERIMENTS

Reports that were read at the congress vividly illustrate the
increasing trend of specialists to join their efforts in the resolu-
tion of complex, laborious and versatile problems, which in this
case may be financed from different sources, including those
based in foreign countries. More frequent have become instanc-
es when access to underground and surface storage facilities fit-
ted for scientific research purposes was granted to international
colleagues, as well as to joint experimental projects. One good
example of such cooperation is the international research in the
URL underground laboratory in Mont Terri, Switzerland.

In order to collect vital information regarding the specif-
ics of load accommodation and deformational behaviour over
time of opalinus clay, scientists from the Clausthal University
of Technology (Germany) performed over the period from 25th
May to 17th September 2009 research on three 120 mm diam-
eter wells made in the appropriate formation — two subhorizon-
tal 10 m long each, and one sloping (60°) 25 m long [1].

Studies of the condition of well walls and reduction of inner
diameter over time were performed using a special vertical vid-
eo camera and a hand-held inside gauge (a device used to meas-
ure dimensions of holes, slots and other internal surfaces). The
observations detected characteristic specifics of the well walls
deterioration process (exfoliation of thin clay layers around the
entire perimeter, with the average area of detached fragments
in the region of 25 cm?) and narrowing of the well as a result of
rock mass pressure over time — on average, 5 mm over the time
of the observations, which spanned 116 days.

Currently, the underground laboratory at Mont Terri hosts
specialists from France, Switzerland, Japan and Canada, who
study the nature and rate of corrosion of various steel grades
(Inconel 690, stainless 316L, specimens of two carbon steel
grades, of which one is to be used in the ANDRA concept of
radwaste management in France, and another in the NAGRA
concept in Switzerland) in contact with argillite rocks in anaer-
obic conditions [2]. Corrosion rate is being monitored using a
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s 3161, aByX 00pasLoB yIJEPOAUCTBIX CTael, OfHA U3 KO-
TOPBIX 3aJl0KeHa B KOHIemmio obpaiiernss ¢ PAO komma-
uu ANDRA Bo @pantmn, apyrast — B konternnio NAGRA
B IlIBeiiapun) B KOHTaKTe ¢ aprUJIATOBBLIMHU MTOPOAMH B
AHA’POOHBIX YCJIOBUSX [2]. MOHUTOPHHT CKOPOCTH KOPPO3UH
OCYIIECTBIISIETCS] HA CIIEKTPOCKOIIE, OCHOBAHHOM HA TIPUHITATIE
anexTpoxuMudeckoro conpotusienus (EIS). 9tor meton us-
MepeHUil He BJIMSIET Ha XapaKTep IPOoIiecca KOPPO3UH U ee CKO-
pocThb U aeT Haubosiee JOCTOBEPHBIE PE3YJIBTAThI [IPH HCCIIe-
JIOBAHUY JIOJITOBPEMEHHOI KOPPO3UHL.

CyTh 9KCIIepUMEHTa COCTOUT B pasMelleHrH 00pasIoB
CTaJi BHYTPU CEKIIMU BBIOYPEHHOTO U3 aprUJUIATOB Kep-
Ha, KOTOPYIO 3aTeM TIOMEINAIOT BHU3Y CIIEIUaIbHO 060PYI0-
BaHHOW CKBAsKMHBI C BEPXOM, 3aKPBITBIM OOJIBIIUM TIAKEPOM.
Oco6eHHOCTBIO KCIIEPUMEHTA SIBJISIETCST HATPEB SKCIIEPUMEH-
TastbHOM cekin 110 80° C 1 obecrieueHre BO3MOKHOCTH U3BJIC-
YeHUsI ee TT0CTIe HECKOJIBKUX JIeT AKCTIEPUMEHTA JIJIsT BBITIOJN-
HEHUST aHAJTUTUYECKUX WCCITENOBAaHUIT MOPOIBI U 0OPasIoB
CTaJM ¢ TIPUMEHEHNEM XUMPEaKTHBOB. JKCIIEPIMEHTATbHBIE
CEKIMHM CBSI3bIBAET 3aMKHYTasi UI3MepPHUTeIbHAs cucTemMa, (huk-
cupyst pasmambie mapametpst (pH, Eh, amektpiaeckyio mpo-
BOZIMMOCTb, PACTBOPEHHBIN KUCIOPOA 1 Bogopox). st obe-
criedeHysl UPKYJISIIUKY B TaKOH CHCTEMe HCIOJIb3YeTcsl Tiie-
CTEPEHYATHIN HACOC.

UCCNEQOBAHUE CBOCTB FPAHYIMPOBAHHOIO

BEHTOHWUTA MX-80

[IIBeiitapckast  KOHIIEMIMST  3aXOPOHEHMs  BbICOKOAK-
tuBHBIX PAO mpemycmarprBaeT pasMellieHne KOHTeliHe-
POB C OTXOJaMH B TOPU3OHTAJBHBIX TOHHEJSIX, IPOI/IEH-
HPIX Ha IJIyOMHE HECKOJIBKUX COTEH METPOB B MEPEYILIOTHEH-
HoM TimHUCTOM MaccuBe. [Tocse pasmerienust KOHTeHHEPOB
TOHHEJIN-MOTUJIbHUKH JIOJDKHBI 3aChIIAThCST PAHYJIMPOBAH-
ubiM GerronnToM MX-80, OCKOJIbKY MMEHHO Takoil GeHTo-
HUT (OCHOBHASI COCTABJISIONIAST TIIMHUCTOTO MUHEPasia MOHT-
MOPHJIJIOHUTA) OTJINYaeTcsi Haubojee BBICOKUM JIaBJICHM-
eM HabyxXaHusl, ClIOCOOEH 3arOTHUTh TOHHEIM-MOTHIBHUKH C
TIOJTHBIM MCKJTIOUEHUEM ITyCTOT ¥ COXPAHSTD 3alUTHbIE CBOI-
CTBa B KAUeCTBE MHKEHEPHOTO Gaphepa B TEUEHHUE BCETO BpeMe-
HU CyIIIeCTBOBAHUS MOTMTbHUKA [3].

VcenenoBatuist CBOFCTB IBYX 06PasIoB TPaHyIMPOBAHHO-
ro Gerrornta MX-8() M3HaYaIbHO TTPOBOMIINCE B JTabOpaTo-
PUH MeXaHMUECKUX XapaKTePUCTUK IPYHTOB (ropoz JlozamHa)
Ha CIIETMAIbHO M3TOTOBIEHHBIX JTaOOPATOPHBIX YCTAHOBKAX.
Ha pucytke 1 BUiHO, 4TO akTUBHbII 1poliecc HabyxaHust 060~
nx 06pasnos npogomkaicsa 10 cyTok, npuaem obpaserr ¢ 00b-
eMHbIM BecoM 1,78 1/cm® Hackimasicst Bomoi 1o 24,0%, a ¢ 06b-
eMHBIM BecoM 1,67 r/cm® — 10 27,6%. [laBieHne HabyxaHust y
nepBoro obpasita gocturyio 10,4 MITa, a'y Broporo — 6,9 MIla
3a 110 cyTOK MCITBITAHHIA.
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Puc. 1. Pe3ynbTatbl uccnefoBaHuin CBONCTB FPaHyNMpPOBaHHOMO
6eHTOHMTa MX-80
Fig. 1. Granulated bentonitos MX-80 research data

spectroscope based upon the electrochemical resistance princi-
ple (EIS). This method of measurement does not influence the
nature of the corrosion process and its rate and provides the
most accurate results for studies of long-term corrosion.

The essence of the experiment is that steel specimens were
placed inside a section of the core sample taken from argillites,
which was then put at the bottom of a specially-equipped well
with the top closed by a large packer. One characteristic feature
of the experiment was that the experimental section is heated
to 80°C and made retrievable after several years of experimen-
tation for analytical research of the steel specimens and rock
using chemical reagents. The experimental section is connected
to a closed-circuit measuring system which records a range of
parameters (pH, Eh, electrical conductivity, content of dis-
solved oxygen and hydrogen). In order to ensure circulation in
the system, a geared pump is used.

RESEARCH OF PROPERTIES OF GRANULAR BENTONITE MX-80

The Swiss concept of high-level radwaste disposal provides
for placement of waste-accommodating containers in horizon-
tal tunnels made at the depth of several hundred metres in an
over consolidated mass of clay. After placement of the contain-
ers, the repository tunnels would be backfilled with granular
bentonite MX-80, as that particular bentonite (which is the
primary component of the clayey mineral montmorillonite)
has the highest swelling pressure and is capable of filling the re-
pository tunnels with complete exclusion of any voids, and can
maintain its properties as an engineered barrier over the entire
time that the repository will be in operation [3].

Research of two granular bentonite MX-80 samples was
originally performed in the Lausanne soil mechanics laboratory
on dedicated test rigs. Figure 1 shows that the active swelling

® |V MexayHapoaHbIli KOHrpecc «[MnHbI B eCTeCTBEHHbIX U MHXXeHepHbIX 6apbepax npu o6palleHnn ¢ pa-
AVNOAKTUBHBIMU OTX0AaMm» npoluen ¢ 29 mapta no 1 anpensa 2010 roga B ropoge HaHte (OpaHums). OH 6bin opra-
HM30BaH OpaHLy3CKMM HaLMOHaNbHbIM areHTCTBOM MO 0bpalleHnto ¢ pagroakTuBHbIMU oTxopamu (ANDRA) npu yya-
TN 1 drHaHCOBOW noafepkke HauunoHanbHoW opraHu3aumm no obpalleHunio ¢ afepHbiMy oTxogamu LLsenuapun
(NAGRA), komnaHuin ONDRA, NIRAS (Bbenbrus), SKB (LLBeuus) n AreHTcTBa no saepHor sHeprum EBponerckoro Coto3a
(OECD/NEA). B paboTe KoHrpecca npuHAnm yyactre 495 cneumnanuctoB 13 29 cTpaH.

O6Lan TeMaTuKa KOHdepeHLMM bbina NOCBALLEHa NCCNef0BaHNAM B HAaTYPHbIX YCIIOBUAX U Ha Mogenax cneundu-
YeCKMX 0COBEHHOCTEN MNHUCTBIX MOPOA C TOUKMN 3PEHNA UX 3aLUMTHbBIX CBONCTB B €CTECTBEHHbBIX MaCCUBAX U MHXeHep-

HbIX 6apbepax.

BE30MACHOCTb OKPYXAIOLLEV CPE[bI
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PesysbraThl 9KCIEPUMEHTA MO3BOJIUIN MBEHIAPCKIM
YUYEHBIM C/eJIaTh BBIBOJ, YTO MPEANOYTUTENbHEE NCIIOJIb-
30BaTh IPaHyJINPOBAHHBIA GEHTOHUT ¢ OOBEMHBIM BECOM
1,78 r/cm?®, Haceimaonmiics 10 24,0%, pa3BUBAIONIMIT HAN-
GoJIbIIee naBaeHne HaGyXaHusl 1, KPOME TOTO, TTIPU 9TON BJIaK-
HOCTH, KakK ObLIO YCTAHOBJIEHO paHee, MMEIOIUH HanboJIb-
IIYI0 MEXaHUYIECKYIO TIPOYHOCTb.

YINEPOAWUCTAA CTAJIb B KOHTAKTE C BEHTOHUTOM

Jenaprament saxoporennss PAO Yernckoii Pecriybmuku
PEKOMEH/TyeT YTJIEPOMUCTYIO CTallb KaK MaTepuas JJisl KOH-
TEelTHEePOB, TIPeIHA3HAYCHHBIX JIJIST 3aXOPOHEHUS. MeKIy TeM,
TIPAKTIYECKH HET IAHHBIX O KOPPO3UU YTIIEPOANCTHIX CTATIEH B
KOHTaKTe ¢ OEHTOHUTOM [4].

B Uncruryte sipepubix uceaegoBanuii Yerckoii Pecry6-
JIUKU CKOHCTPYMPOBAH W M3TOTOBJIEH aIllapat, MOIeTNpPYIo-
MW YCTOBUS B XPAHWJINIIE U QTN BO3MOKHOCTD OTIpe-
JIJTATH CKOPOCTD KOPPO3WH YTJIEPOANCTRIX CTaTel B KOHTaK-
Te ¢ GEHTOHUTOM IIPY BBICOKKX jaietusix (50-100 6ap) u 1o-
BBIIIIEHHBIX TeMmepaTypax (puc. 2). C ero moMoImbIo H3yJasn
CKOPOCTDb KOPPO3UH YTJIEPONCTLIX CTaIeH B HETIOCPEICTBEH-
HOM KOHTaKTe ¢ GEHTOHUTOM B CPAaBHEHUU CO CKOPOCTHIO KOP-
PO3UM YIJIEPOAKCTHIX CTajlel B UCKYCCTBEHHON GEHTOHUTO-
BOH TIOPOBOIT BOJIe U BO3/IEHCTBUE TIPOYKTOB KOPPO3UH HA
GEHTOHWT.

HcnbITyeMplii 06pasert MpeIcTaBIsii co60ii OTIIOIMPOBaH-
HYI0 1 06pabOTaHHY0 9TAHOJIOM TIJIACTUHKY 13 YIJIEPOAUCTOI
cramu B hopme ucka qramerpoM 10 cm. BeHTOHUTBI /17151 9KC-
TIEPIIMEHTOB OTHOCKJIUCEH K HATPUEBOMY THITY 13 MECTOPOSKIIE-
nus Volclay KWK 80-20, a Takike K KaJIbl[HE€BO-MaTHUEBbIM
6ertonnTam Mectoposkaehus Rokle. BentoHuToBbie 06pasiibl
6N crpeccoBanbl 10 mnotHocTH 1,6 r/cm® 1 3atem oGpabo-
TaHBI A30TOM B KOPPO3HOHHOI KaMepe ¢ OJIHOBPEMEHHBIM Ha-
rpeBoM 06pasiia yriepoanucTol CTaau. JKCIEPUMEHTATBHYIO
KaMmepy 3aroJIHsUIN BOJOH TPy aTMOC(HEPHOM WJIN TIOBBITIIEH-
HOM JIaBJICHVH, B HEil GBI CO3/IaHbl aHAPPOOHBIEC YCIIOBHSI.
BapbrpoBasich TeMIIEpaTypbl HarpeBa 0OPasIoB yIIIepOIn-
CTOIi CTaJIN U [IABJICHUS BOJBI B Kamepe. B mporiecce kpatkoc-
POYHBIX 3KCIIEPUMEHTOB EKECYTOUHO ITPOBOIIIICH 3aMEpBhI
TeMIIepaTypbl 06pasiia cTain 1 GEHTOHWTA, U3YIAICh TaBie-
Hrie HaGyXaHws1, TIOTTIOMEHNE U JaBJIeHre BOJIBI, N3MEHEHE
(hOpPMBI KOPPO3MOHHOI STIETKH.

Hacpitienne 6eHTOHNTA M CKOPOCTH KOPPO3UH OTIPEIeTIst-
JIFICh B 3aBUCHMOCTH OT 0OBeMa MOTJIONIEHHON BOJIBI, BETNY-
HbI IABJIEHNS B KAMEPE 110 Mepe HaOyxaHust GeHTOHKUTA 1 0Opa-
30BaHUA BOJ10poia. CKOPOCTh KOPPO3NH OIPE/IeTIAIACh TAKKe
HOCJIE TIPOBECHNUSI KCIIEPUMEHTA 110 YMEHbILIECHUIO Beca 00-
PA3IIOB U TepeMenieHuto (BHEAPEHUIO ) IPOYKTOB KOPPO3WH B
GEHTOHMT, KOTOPOE coCTaBIJIO B cpeareM 1 mm 3a 30 aHelt mpu
temrnieparype +70°C.

Puc. 2. Annapart ans nccnegoBaHns KOpposum
Fig. 2. Picture of the apparatus for corrosion experiments

process of both samples continued for 10 days, with the sam-
ple that had volumetric mass of 1.78 g/cm? saturated with wa-
ter to 24.0%, while the 1.67 g/cm? sample saturated to 27.6%.
Swelling pressure of the first sample reached 10.4 MPa, and the
second sample 6.9 MPa over 110 days of testing.

The results of the experiment gave the Swiss scientists
sufficient grounds to conclude that the preferred granular
bentonite is the one with per-volume mass 1.78 g/cm? which
saturates to 24.0%, and develops the highest swelling pressure.
In addition, as previously established, at this level of dampness,
this bentonite has the highest mechanical strength.

CARBON STEEL IN CONTACT WITH BENTONITE

The Radioactive Waste Repositories Authority of the
Czech Republic recommends carbon steel as the material for
radwaste repository containers. At the same time, there is prac-
tically no data on corrosion of carbon steels in contact with
bentonite [4].

The Czech Nuclear Research Institute has designed and
built an apparatus that simulates the conditions of storage and
enabling measurement of corrosion rate of carbon steel when in
contact with bentonite under high pressure (50-100 bar) and
temperature (fig. 2). It was used for studies of corrosion rate of
carbon steels in direct contact with bentonite versus corrosion
rate of carbon steels in artificial bentonite pore water, and the
impact of corrosion products on bentonite.

The tested specimen was a polished and ethanol-treated
disc-shaped plate of carbon steel 10 cm in diameter. The ben-
tonite used for the experiments was sodium bentonite from the
Volclay KWK 80-20 field, as well as calcium-magnesium ben-
tonite from the Rokle field. Bentonite samples were compacted
to 1.6 g/cm?® density and then treated nitrogen in a corrosion
cabinet with concurrent heating of the carbon steel sample.

= The IV International congress "Clays in natural and engineered barriers for management of radioactive
waste" took place on 29th March to 1st April 2010 in Nantes, France. The event was organised by the French National
Radioactive Waste Management Agency (ANDRA) and financially and otherwise supported by the Swiss National
Cooperative for the Disposal of Radioactive Waste (NAGRA), companies such as ONDRA, NIRAS (Belgium), SKB (Sweden)
and the Nuclear Energy Agency within the Organisation for Economic Co-operation and Development (OECD/NEA).
The congress was attended by 495 specialists from 29 countries.

The general topic of the conference centred around research, both field and simulation-based, of the specific
features of clay rocks from the viewpoint of their protective properties as used in natural and engineered barriers.

Ne 32010

ENVIRONMENTAL SAFETY

83



TEXHONOrUu

[Tocsie yiasmeHust IPOyKTOB KOPPO3MH CTasia O4eBUIHOH
3HAYHUTENBHAS CTEIEHb MMOPaKeHNsT 06PA3IOB YIVIEPOIUCTON
cras. MOJKHO KOHCTaTHPOBATh, YTO TIPOIECC KOPPO3UH yTJle-
POIIMCTHIX CcTajiell B KOHTaKTe ¢ OEHTOHUTOM TIPOTEKAET Obl-
cTpee, YeM B BOZIHOII cpefie. Tak, CKOPOCTh KOPPO3UH yTJIepo-
JIMCTOH CTAJIN B KOHTaKTe ¢ GeHToHnToM Tocste 30 Helt skcre-
pumenTa (B nepecyere Ha Ton) cocraBuia 4+10° Mm/roz, B TO
BpeM:I KaK CKOPOCTb KOPPO3HUHU 3TOM JKe CTaIH B BOAHOM pac-
TBOpe GeHTOHNTA cocTaBuia 2-3+10% MM /Toj.

B pasButue mpoBeleHHbIX HKCIEPUMEHTAIBHBIX PaboT B
Grmskaiitiiee BpeMs IUVIAHUPYETCST U3YYUTh COCTAB TIPOJYKTOB
KOPPO3KH U BJIMSIHUE UX HA GEHTOHUT B GOJIee TIPOJIOJIKITE N b-
HBIX 9KCIIEPHIMEHTAX.

CKBAXWHbI BONbLUOI0 AUAMETPA

Ha xourpecce B Hanrte crennanucrsr  Hayuno-
HCCJIEI0BATEIHCKOTO TIEHTPA TEOdKOJOTHH U PeabiIATAIINT
teppuropuii I'VII MocHIIO «Pamons» npencrasmmm asa 1o-
KJIajia; «IKCIEPUMEHTAIBHOE UCTIONB30BAHNE CKBAKUH OOJIb-
ITOTO INAMETPa /7T XPAHEHWS PAJIMOAKTUBHBIX OTXO/IOB B IJIH-
HUCTBIX TIOPOZIax» 1 «Pe3ysIsraThl reopatOMOHUTOPUHTA XPa-
HEHUS OTXOOB B CKBKUHAX OOJIBIIOTO MAMETPa B TJIWHM-
CTBIX TPyHTaX». B HUX OblIa onvcaHa KOHCTPYKIMST XPaHUIIH-
I1a THIa CKBaskiHbI 6osibinoro auamerpa (CBJT), obmazarore-
r0 MHOTOOAPBhEPHOI CHCTEMOMN 3allUThI OKPY/KAOIIEH CPE/IBL.
[TokazaHbl TIPENMYTITECTBA ITHX XPAHUJIUIIL TTePe]T TIPUTIOBEPX-
HOCTHBIMH, B YaCTHOCTH, C TOUKH 3PEHHUS GE30TACHOCTH, KO-
HOMWU TIITOIIA/IN TTOBEPXHOCTH CTICIIITIOTUTOHOB, BOSMOYKHOCTH
n3prnedennss PAO 1 MOBTOPHOTO MCIOTB30BAHNS CKBAKUHBI-
xpanmuiia. [ IprBeieHs! moce e pe3y IsTaThl Te0PaIioMO-
HUTOPUHTOBBIX MICCJIEIOBAHNI, HA OCHOBE KOTOPHIX BBISBJIEHBI
HECKOJIbKO CTaOUJILHBIX BO BPEMEHN TeMIIEPATyPHbIX 30H 1 J10-
Ka3aHo, YTO B CKB)KUHE TeMIIepaTypa BCET/Ia MOJIOKUTEbHA
HE3aBUCUMO OT TEMITEPATYPBI HA TIOBEPXHOCTH.

B CB/I Takke uner usydenue 0COGEHHOCTE TIPOTEKAHMST
KOPPO3UOHHBIX TIPOIIECCOB B METAJUIMYECKUX WHKEHEPHBIX
Gapbepax BHyTpu xpanuuiia. Ha konrpecce Obuiu npezcras-
JICHBI TIEPBBIE PE3YJIBTAThI UCCIIEI0BAHUN KAUeCTBEHHbIX 1 KO-
JINYECTBEHHBIX XaPAKTEPUCTUK KOPPO3MOHHOIO TIPOIiecca Ha
(bparmenTax G0YKK-KOHTEHEpa U CTAIbHOM 00CaIHOI KOJIOH-
HblI, KoTopbie Obln pasmertielbl B CB/T 15 asrycra 2002 roaa u
M3BJIEYEHBI /7T viccsieioBanus B Koriie 2009 rona.

Hoxmazpr crenpamcros I'YIT MocHIIO «Panon» BbI-
3Bas GOJBIION MHTEPEC Y MHOTUX YYaCTHHKOB KOHTpeC-
ca M3 pasHbIX CTpaH, B yacTHocTH, Amonnn, Kamazxer, Yexwn,
[IIseiinapuy, HIseryn u T.a.

Jlumepamypa / References:
1. Seeska R. Borehole deformation measurements and video-observations of
boreholes in opalinus clay / R. Seeska, K.-H. Lux // 4 th international meeting
«Clays in Natural and Engineered Barriers for Radioactive Waste Confinement»
France, Nantes, March 29— April 1st, 2010.
2. Dewonck S. In situ corrosion measurements by electrochemical method (IC
experiment) at Mont Terri/ S. Dewonck, C. Bataillon, D. Crusset, B. Schwyn, N. Na-
kayama, G. Kwong // 4 th international meeting «Clays in Natural and Engineered
Barriers for Radioactive Waste Confinement» France, Nantes, March 29 - April 1st,
2010.
3. Rizzi M. Granular MX-80 bentonite as buffer material: a focus on swelling char-
acteristics / M. Rizzi, L. Laloui, S. Salager, P. Marshall // 4 th international meeting
«Clays in Natural and Engineered Barriers for Radioactive Waste Confinement»
France, Nantes, March 29 - April 1st, 2010.
4. Dobrev D. Corrosion of carbon steel in contact with bentonite / D. Dobrev, A. Vo-
kal, P. Bruha // 4 th international meeting «Clays in Natural and Engineered Barriers
for Radioactive Waste Confinement» France, Nantes, March 29— April 1st, 2010.

BE30MACHOCTb OKPYXAIOLLEV CPE[bI

84

The experimental cabinet was filled with water at atmospheric
or above-atmospheric pressure, with anaerobic conditions cre-
ated. Various carbon steel sample heating temperatures were
applied, along with various water pressures in the cabinet. In
the process of short-term experiments, daily measurements
were taken of the steel sample and bentonite temperatures,
swelling pressure, water absorption and pressure, shape varia-
tions of the corrosion cell.

Saturation of bentonite and corrosion rate were determined
depending on the volume of absorbed water, pressure level in
the cabinet as a function of bentonite swelling and hydrogen
formation. Corrosion rate was also determined after comple-
tion of the experiment by measuring the reduction in sample
weight and movement (incorporation) of corrosion products
into bentonite, which measured on average 1 mm over 30 days
at +70°C.

After removal of the corrosion products it became evi-
dent how hard were the carbon steel samples affected. It can
be now claimed that the corrosion process of carbon steel in
contact with bentonite is more intense than that in a water
medium. For example, corrosion rate of carbon steel in con-
tact with bentonite after 30 days of the experiment (extrapo-
lated to a year) measured 410 mm/year, whereas corrosion
rate of the same steel grade in a water solution of bentonite
was 2-3#10° mm/year.

In order to further advance this experimental work, it is in
the plans for the nearest future to perform studies of the com-
position of corrosion products and their impact upon bentonite
as part of loner-term experiments.

LARGE-BORE WELLS

At the Nantes congress, specialists of the Science and
Research Centre for Geoecology and Land Remediation of
SUE SIA Radon Moscow read two reports: "Experimental
utilisation of large-bore wells for storage of radioactive
waste in clayey rock” and "Results of georadiomonitoring
of waste storage in large-bore wells in clayey soils". The re-
ports described the design of a large-bore well that is used
as a storage facility that provides multi-barrier protection
of the environment. They emphasise the advantages that
such storage facilities offer over near-surface storage, par-
ticularly with respect to safety assurance, reduced surface
area of the repositories, assurance of radwaste irretrievabil-
ity and re-usability of the storage well. Latest results are
provided for geo radiation monitoring research, on the basis
of which a number of time-stable temperature zones were
identified and was demonstrated that inside the well tem-
perature always remains positive regardless of temperature
on the surface.

Large-bore wells are also being used for studies of specifics
of the corrosion processes that occur in metallic engineered bar-
riers inside the storage facility. At the congress, a presentation
was made of the first results obtained from research of qualita-
tive and quantitative characteristics of the corrosion process on
fragments of a container drum and a steel casing pipe, which
were placed in the large-bore well on the 15th August 2002 and
retrieved for surveying in late 2009.

Reports by specialists from SUE SIA Radon Moscow at-
tracted great interest from many attendees to the congress from
various countries such as Japan, Canada, the Czech Republic,
Switzerland, Sweden and others.
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