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Abstrakt

Teplotni a hydrataéni vlivy na stabilitu bentonitovych bariér
hlubinnych 1lozist radioaktivniho odpadu byly studovany v ramci
dvou multidisciplinarnich projekti — ,,Mineralogicky, chemicky a
geochemicky vyzkum stability dlouhodobé tepelné zatizeného
materialu bentonitové bariéry na vzorcich ziskanych z experimentu
Mock-Up-CZ“ a ,Sledovani dlouhodobé stability inzenyrskych
bariér na bazi bentonitu s vyuzitim zatéZovacich procedur a
experimenti in situ a hodnoceni jejich retardacni funkce®.
Mineralogické zmény byly studovany pomoci RTG difrakce.

Cilem projekti  bylo  zhodnoceni  stability = zakladnich
mineralogickych, chemickych a geochemickych parametrii
bentonitové smési a popis zmén chovani daného materialu s ohledem
na jeho vyuziti jako inzenyrské bariéry v hlubinném ulozisti
radioaktivnich odpadii. Zdrojem bentonitu bylo i ¢eské lozisko Rokle
a jednim z dilezitych cild projektu bylo zjistit pouzitelnost tohoto
mistniho zdroje pfi realizaci tuzemského hlubinného uloziste.

Bentonitova bariéra v experimentalni nadobé Mock-Up-CZ byla
tvofena smési bentonitu z loziska Rokle (85 %), kifemenného pisku
z loziska Provodin (10 %) a grafitu ze zavodu Netolice (5 %).
Hydrotermalni zatéz bentonitu (syceni syntetickou granitickou vodou
pfi teplot¢ max. 90 °C) probihala 45 mésici. V zadném ze 70
analyzovanych vzorkli odebranych z riznych vzdalenosti od zdroje
tepla a vody nebyly zaznamendny novotvofené faze ani
mineralogické pfemény. Ve vzorcich pochazejicich ze zasypu
experimentalni nddoby (od zdroje syntetické granitické vody) se
vytvofila okem viditelna zrna sadrovce s illitovou aureolou.

V ramci druhého projektu byly pouzity tii druhy bentonitovych
materiald (Mock-Up-CZ, Rokle, FEBEX) a pét typu saturacnich
médii, jak pfirodnich (Josef), tak syntetickych, namichanych
v laboratofich VSCHT a obohacenych draselnymi (SGW-K, SGW-
K-10), resp. hofeénatymi (SGW-Mg, SGW-Mg-10) ionty.
Experiment probihal v tlakovych nadobach a ve fyzikalnich
modelech (za teplot dosahujicich 95 °C), v perforovanych patronach
(v jadrovych vrtech v pfirodnich podminkach Stoly Josef) a
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vV laboratornich podminkach na VSCHT (za teplot 20 °C a
80—90 °C). Ve stanovenych intervalech (3, 6, 12, 18 mésicti) byly
provadény odbéry materialu tlakovych nadob, fyzikalnich modeld a
patron K provedeni laboratornich zkousek. Odbér vzorkl
v laboratofich VSCHT probihal v intervalech 1 tyden, 2 tydny,
1 mésic, 2, 3 a 4 mésice, 5, 7, 8, 10 a 12 mésict. VétsSina vzorkd
z projektu sledovani dlouhodobé stability inzenyrskych bariér
(suspenze v tlakovych nadobach, fyzikdlni modely, vzorky
z procedury in situ, experimenty s cementy a cementovou vodou,
material z Mock-Up-CZ, bentonity Rokle i FEBEX zatizené médii
SGW-Mg, SGW-Mg-10, SGW-K, Josef ¢i destilovanou vodou) byla
mineralogicky stabilni. Vzorky bentonitu FEBEX podrobené zatézi
saturaénim médiem SGW-K-10 (koncentrace K* 1083 mg/l)
vykazovaly pfitomnost illitizace a to nezavisle na teploté. Po zatézi
timto médiem se v materidlech FEBEX a Rokle vytvofila zrna
sadrovce, ptipadné bassanitu.



Abstract

The influence of temperature and hydration on the long term stability
of the buffer material was studied during two experimental studies —
“Mock-Up-CZ” experiment and “Long-term stability of engineering
barriers” project. The objectives of these studies is to identify
mineralogical, chemical and geochemical changes and describe
transformation processes in the bentonite materials due to heating
and interaction with various saturation media (with different
chemical composition) under controlled laboratory and in situ
conditions. The Rokle bentonite suitability for its use in the Czech
deep repository of high-level radioactive waste was investigated.
Mineralogical changes in the bentonites were evaluated by X-ray
diffraction.

The material of the barrier of the Mock-Up-CZ experiment is a
mixture of non-activated Rokle bentonite (85 vol.%), quartz sand
(10 vol.%) and graphite (5 vol.%). The barrier has been subjected to
thermal stress (up to 90 °C) and synthetic granitic water for
45 months. No sample from 70 analysed samples taken at different
depth levels and distances from the source of the heat and/or water
showed measurable transformation of original smectites. Newly
formed gypsum bordered by illite aureole was detected in the upper
part of the experimental set-up (backfill samples), i.e. in the zone in
direct contact to the source of the water.

During the second study, three bentonite buffer materials (Rokle
bentonite, FEBEX bentonite, and Mock-Up-CZ mixture) interacted
with natural water collected from Josef Underground Educational
Facility, and four different types of artificial groundwater enriched in
K* and/or Mg®*. The experimental material was prepared in the form
of (1) highly compacted samples, (2) dispersion of bentonites (both
at temperature of 95 °C), (3) drill hole filling during in situ tests at
the Josef UEF (at ordinary temperature), and (4) common batch
laboratory experiments (at 20 °C and at 80-90 °C). Partial samples
were extracted after 3, 6, 12, and/or 18 months of interaction in the
first three set-ups, and after 1 week, 2 weeks, 1month, 2months,
3months, 4months, 5months, 7months, 10months, and 12months in
the batch experiment. In the first three experimental set-ups, no
changes were identified. For the batch experiment, formation of illite
was detected in FEBEX bentonite saturated with artificial



groundwater with K* concentration of 1083 mg/L. By using the same
saturation medium, gypsum and/or bassanite formed in the Rokle
and FEBEX bentonite.



Teplotni a hydratacni vlivy na stabilitu bentonitovych
bariér hlubinnych uloZist’ radioaktivniho odpadu

1. Uvod

Hlubinné ukladéani radioaktivniho odpadu je dnes celosveétove
pfijimano jako environmentalné i eticky vhodné a spolehlivé
feSeni nalozeni s vysokoaktivnim radioaktivnim odpadem.
V Ceské republice by hlubinné wloZi§té mélo byt uvedeno do
provozu v roce 2065.

Zakladnim pilitem bezpecnosti hlubinného ulozisté je jeji
mnohondsobné zajisténi na sobé nezavislymi prvky a to proti
veskerym myslitelnym udalostem, které by tuto bezpecnost
mohly v pribéhu ¢asu ohrozit. Maximalniho mozného
zabezpeceni ulozisteé tak, aby nebylo zavislé pouze na
vykonnosti jedné bariéry, je dosazeno pouzitim takzvané¢ho
multibariérového systému. Jedna se o systém zalozeny na
kombinaci inzenyrskych a pftirodnich bariér izolujici odpad
V hlubinném ulozisti od okolni biosféry.

Pfirodni bariérou je horninovy masiv, ve kterém je uloZziste
vybudovano a ktery musi dlouhodobé spliiovat pozadavky,
jakymi je stabilita (mechanicka/geologicka i geochemicka),
minimalni porusenost a minimalni proudéni podzemnich vod.
Mezi inzenyrské bariéry patii samotnd forma odpadu,
kontejner, tésnici material v okoli kontejneru a zasypovy
material pro utésnéni velkych manipulacnich prostor, tunelt
a Sachet.

Té&snici bariéra ma obecné za tkol chranit kontejner pied
mechanickym poskozenim (napftiklad pti tektonické aktivite),
zabranit podzemni vod¢é v pristupu k nému a zadrzet
radionuklidy, které by v ptipadé poskozeni kontejneru mohly
uniknout do okoli (Arcos, Bruno & Karnland 2003). Za
nejvhodnéjs$i material pro tésnici bariéru je povazovan vysoce
kvalitni bentonit.
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2. Cile prace

Disertacni prace shrnuje vysledky studia mineralogickych
zmen, resp. fazové stability klicového materidlu tésnici a
zasypové zony — bentonitu, jenz byl pouzit ve dvou
multidisciplinarnich projektech — ,,Mineralogicky, chemicky a
geochemicky vyzkum stability dlouhodobé¢ tepelné zatizeného
materidlu  bentonitové Dbariéry na vzorcich ziskanych
z experimentu Mock-Up-CZ“ a ,Sledovani dlouhodobé
stability inzenyrskych bariér na bazi bentonitu s vyuzitim
zatézovacich procedur a experimenti in situ a hodnoceni jejich
retardacni funkce™ zamétenych na simulaci teplotnich a
hydrata¢nich vlivii v hlubinném 1lozisti vysokoaktivniho
odpadu.

Cilem prvniho projektu bylo zhodnoceni stability zakladnich
mineralogickych, chemickych a geochemickych parametri
bentonitové smesi a popis zmén chovani daného materialu
S ohledem na jeho vyuziti jako inZenyrské bariéry v hlubinném
ulozisti radioaktivnich odpadt. Zdrojem bentonitu bylo ceské
lozisko Rokle a jednim z dulezitych cili projektu bylo zjistit
pouzitelnost tohoto mistniho zdroje pfi realizaci tuzemského
hlubinného 1lozisté. Bentonit byl béhem experimentu Mock-
Up-CZ zatizen podminkami, které se predpokladaji v redlném
hlubinném ulozisti a nasledn¢ byly vyhodnoceny dopady této
zatéze na jeho mineralogickou stabilitu.

Cilem druhého projektu byl experimentalni vyzkum
dlouhodobé stability inzenyrskych bariér na bazi bentonitu
S vyuzitim  zatézovacich  procedur realizovanych za
laboratornich podminek a v prostfedi in situ v podzemni
laboratofi Josef. Hodnotily se chemické, geochemické a
mineralogické zmény bentonitovych materialti, opét s ohledem
na jejich wvyuziti v hlubinnych ulozistich radioaktivniho
odpadu.

Predlozena disertacni prace je zaméfena na studium
mineralogickych zmén v bentonitech po dané experimentalni



zatézi a jejich vliv na stabilitu chovani materialu inZenyrské
bariéry.

3. Material a metodika
3.1 Mock-Up-CZ

Fyzikalni model Mock-Up-CZ (obr. 1) simuloval vertikalni
ukladani  kontejneru s radioaktivnim  odpadem  podle
$védského systému KBS-3V. Jeho budovani zacalo v roce
2000 v Centru experimentalni geotechniky na Stavebni fakulté
CVUT (Pacovsky 2003a, b, 2004, 2006; Svoboda & Vasicek
2006; Pusch et al. 2007). Do valcové ocelové nadoby bylo
instalovano olejové topné téleso, simulujici kontejner
s radioaktivnim odpadem, které bylo oblozeno bentonitovymi
tvarnicemi.
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Obr. 1. Schéma experimentu Mock-Up-CZ.



Vnitini strana ocelového plasté byla opatfena zavodiiovacim
systémem, ktery umoznoval syceni bentonitové bariéry
syntetickou granitickou vodou. Podél vertikdlni osy
experimentalni nadoby bylo instalovano Sest méficich profilt
pro kontinualni méfeni probihajicich d&ja (obr. 1). V kazdém
profilu byla osazena tada ¢idel, ktera sledovala teplotu, tlak,
vlhkost a korozi (Pacovsky, Svoboda & Zapletal 2007; Pusch
et al. 2007; Pusch, Kasbohm & Thao 2010; Svoboda &
Vasi¢ek 2010). Cely model byl umistén v podzemnim
zkuSebnim silu o velikosti 3x3%3 m. Vlastni experiment byl
spustén v kvétnu 2002 a ukoncen v kvétnu 2006.

Bentonitovd bariéra byla tvofena smési bentonitu z loziska
Rokle (85 %), kiemenného pisku z loziska Provodin (10 %) a
grafitu ze z&vodu Netolice (5 %). Z tohoto kompozitniho
materialu bylo vylisovano pfes tfi sta tvarnic, kterymi se
oblozilo topné téleso, a v sypkém stavu slouzil jako zasyp
montaznich prostor.

Pro mineralogickou analyzu bylo celkem poskytnuto 71
vzorkli z hloubkovych trovni 470 mm, 680 mm, 1095 mm,
1350 mm, 1385 mm, 1755 mm a zasypu (obr. 1). Kompozitni
vzorky odebrané ztésnici bariéry byly studovany pomoci
rentgenové praskové difrakce a infracervené spektroskopie
S Fourierovou transformaci (metoda KBr).

Fézova analyza byla provadéna na difraktometru X’Pert Pro
(PANanalytical) na UGMNZ PiF UK. Difraktometr je
vybaven sekundarnim grafitovym monochromatorem a
detektorem X’Cellerator. Preparaty byly méfeny za
nasledujicich podminek: CuKa krok 0.05°, 200 s/krok,
3-60 20, rotace f = 25, 40 KV, 30 mA, nosi¢ — bezdifrakéni
Si (100).

Orientované sedimentované preparaty byly pfipraveny vzdy ve
2 sadach. Jedna sada byla méfena za standardnich podminek,
druha byla po dobu 24 hodin napafovana v parach
ethylenglykolu a poté nasnimana v omezengj$im rozsahu 26.



Vysledné difrakéni zdznamy byly vyhodnoceny a zpracovany
v programu Bede ZDS 4.17 (Ondrus 1997).

Jako doplnkova metoda k RTG difrakci na rozliSeni zejména
amorfnich fazi byla vyuzita infracervend spektroskopie. 1 mg
studovaného vzorku byl semlet v ocelovém kulovém mlynku
$300 mg praskového KBr. Jilovy material byl nejprve
predsusen za teplot do 30 °C, aby se co nejvice eliminovaly
piky vzdusné vlhkosti. Slisovana tableta byla nasniméana na
spektrometru Nicolet 740 (VSCHT, operator Ing. Novotna)
srozlienim 2 cm® a poétem akumulaci 32 skent. Pro
vyhodnoceni spekter byl pouzit software Omnic 6.1.

3.2 Sledovani dlouhodobé stability inZenyrskych bariér na
bazi bentonitu s vyuZitim zatéZovacich procedur a
experimentii in situ a hodnoceni jejich retardacni funkce

Experimentalni vyzkum dlouhodobé stability inzenyrskych
bariér na bazi bentonitu probihal v letech 2008-2010.
Realizovan byl za laboratornich podminek (VSCHT, CVUT) a
Vv prostiedi in situ vV podzemni laboratofi Josef (Stola Josef se
nachazi asi 50 km jizné od Prahy mezi obcemi Celina a
Mokrsko). V ramci tohoto projektu byly pouzity téi druhy
bentonitovych materiald (Mock-Up-CZ, Rokle, FEBEX) a pét
typt saturacnich médii. Saturaéni média byla pouzita jak
prirodni (Josef), tak syntetickd, namichana v laboratotich
VSCHT a obohacena draselnymi (SGW-K, SGW-K-10), resp.
hotecnatymi (SGW-Mg, SGW-Mg-10) ionty.

Vlastni experimenty probihaly v Centru experimentalni
geotechniky na Stavebni fakult¢é CVUT (tlakové nadoby,

fyzikalni modely), v prostorach $toly Josef (patrony) a na
Vysoké skole chemicko-technologické (laboratorni vzorky).

Do tlakovych nadob byly umistény vzorky vSech tfi typu
bentoniti a zality saturacnimi médii Josef a SGW-K
v takovém mnozstvi, které dovolilo bentonitovym materialim
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volné nabobtnat. Poté byly nddoby po dobu 13 dnti vystaveny
teploté 95 °C a nésledné na jeden den bézné laboratorni teplote
(kontrola ubytku satura¢niho média vazenim a jeho ptipadné
doplnéni). Cely cyklus se takto opakoval 18 meésict. Ve
stanovenych intervalech (3, 6, 12, 18 mésict) byly provadény
odbéry materialu k provedeni laboratornich zkousek.

Fyzikalni modely byly umistény v obdobnych nadobach jako
suspenze bentonitu a podrobovany stejnému zatézovacimu
cyklu. Vzhledem k narocnosti fyzikalniho modelovani byl
ovSem ke zkouskam vybran pouze jeden material a to bentonit
Rokle, ktery byl do nddob umistén ve slisovaném stavu. Jako
saturacni médium slouzila voda Josef a SGW-K. Vzorkovani
probihalo v intervalech 6, 12 a 18 mésict.

Pét perforovanych patron z korozivzdorné oceli s bentonitovou
naplni ve form¢ lisovanych vale¢kl (Rokle 2%, FEBEX 1x,
Mock-Up-CZ 2x) bylo zasunuto do jadrovych vrta ve $tole
Josef. Tato procedura vyuzivala komplexni plsobeni
podzemniho prostfedi (teplota, voda, mikroorganismy) bez
jakychkoliv vnéjsich zasaht.. Kazda patrona méla délku 2,8 m
a skladala se ze Ctyt dilii. V Casovych intervalech 3, 6, 12 a
18 mesicti byl vzdy jeden dil patrony vytazen a material
podroben analyzam.

V laboratornich podminkach (VSCHT) byly zatézi (pét typi
satura¢nich médii: SGW-K, SGW-K-10, SGW-Mg, SGW-Mg-
10 a Josef) vystaveny vSechny tfi druhy bentonitovych
materialt (Rokle, FEBEX, Mock-Up-CZ). Bentonity Rokle a
FEBEX byly navic saturovany 1 destilovanou vodou,
u materialu Mock-Up-CZ bylo pouzito pouze médium SGW-
K-10 a SGW-Mg-10. Vzorky byly smichany s médii v poméru
1:3, ¢ast znich byla ponechana za laboratorni teploty, Cast
byla po dobu deset hodin denné¢ zahtivana v suSicce za teploty
80-90 °C. Béhem tohoto experimentu nebyla satura¢ni média
doplnovana. Odbér vzorkll probihal v intervalech 1 tyden,
2 tydny, 1 mésic, 2, 3 a 4 mesice, 5, 7, 8, 10 a 12 mésict.

11



V laboratotich VSCHT déle probihalo studium interakce
cementové matrice a betonu s vodnou fizi a nasledné
s bentonitem Rokle.

Celkem bylo analyzovano 310 vzorkd. Fazova analyza byla
opét provadéna na difraktometru X’Pert Pro (PANanalytical)
na UGMNZ PiF UK. Preparaty byly méfeny a vyhodnocovany
za stejnych podminek jako ty z experimentu Mock-Up-CZ.

4. Vysledky a diskuse

V zadném vzorku z bentonitovych tvarnic tvoficich tésnici
bariéru v experimentdlni nadobé Mock-Up-CZ nebyla
zaznamenana preména ptivodnich mineralnich fazi. U vzorkl
odebranych ze zéasypu ovSem nebylo o mineralogickych
zménach pochyb, nebot novotvoiené faze byly zietelne
viditelné i pouhym okem (obr. 2). Z vysledkd je ziejmé, zZe
bila jadra jsou tvofena sadrovcem a Sedé aureoly smési illitu,
sddrovce a smektitu. MnoZzstvi novotvofen¢ho sadrovce
rapidné klesalo s narlstajici vzdalenosti od zdroje syntetické
granitické vody, ¢imz je jasné¢ demonstrovan zasadni vliv
fluida na tuto pfeménu.
. -

Obr. 2 Novotvofena zrna sadrovce s illitovou aureolou.
Mineralogicky stabilni byla i vétSina vzorkd z projektu

sledovani dlouhodobé stability inzenyrskych bariér (suspenze
v tlakovych nadobach, fyzikalni modely, vzorky z procedury
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in situ, experimenty s cementy a cementovou vodou, material
z Mock-Up-CZ, bentonity Rokle i FEBEX =zatizené médii
SGW-Mg, SGW-Mg-10, SGW-K, Josef ¢i destilovanou
vodou). Pfi experimentu se saturatnim médiem SGW-K-10
vsak byly zjistény vyrazné zmény jak pro bentonit Rokle, tak
i FEBEX.

Ve vzorcich bentonitu Rokle zatizenych médiem SGW-K-10
byly novotvotené faze identifikovany po deseti mésicich
zatéze (sadrovec) a to jak za laboratornich, tak za zvySenych
teplot. Za zvySenych teplot po dvanacti mésicich zatéze byl
krom¢ sadrovce identifikovan i novotvofeny bassanit (obr. 3).

Obr. 3 Bilé vyrostlice bassanitu a sadrovce ve vzorku &islo R30V
(Rokle, 80—90 °C, 12 mésict)). Gama parametr obrazku vlevo byl
z diivodu zvyraznéni zrn upraven na hodnotu 0,6. Obrazek vpravo je
Vv realnych barvach.

Ve vzorcich bentonitu FEBEX zatiZzenych médiem SGW-K-10
se prvni novotvofené faze zacaly projevovat jiz po sedmi
mesicich zatéze (sadrovec) a to jak za laboratornich, tak za
zvySenych teplot. Za laboratornich teplot byl po dvanacti
meésicich zaznamenan 1 bassanit, za zvySenych teplot uz pouze
bassanit (obr. 4).
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Obr. 4 Bilé vyrostlice bassanitu ve vzorku &islo F30V (FEBEX,
80—90 °C, 12 mesict). Gama parametr obrazku vlevo byl z divodu
zvyraznéni zrn upraven na hodnotu 0,45. Obrazek vpravo je
Vv realnych barvach.

Novotvoieny sadrovec v projektu Mock-Up-CZ  vznikl
vysrazenim z reakce Ca** (z karbonatt) s SO,” (ze syntetické
granitické vody). Stejnym mechanismem vznikl i sadrovec
v projektu stability bariér, kde bylo silnym zdrojem SO,*
médium SGW-K-10 a Ca** pochézel opét z karbonatii.

Novotvofeni  sadrovce bylo zaznamendno naptiklad
i v projektu FEBEX (Fernandez & Villar 2010), ktery byl
zaméefeny na vyzkum interakce jilovych bariér a horninového
okoli. V projektu FEBEX byl stejn¢ jako béhem experimentu
Mock-Up-CZ neomezeny piisun syntetické granitické vody.
To je podstatny rozdil oproti ceskému projektu stability bariér,
kde se materidly smichaly s fluidy v poméru 1:3 pouze na
zacatku experimentu a ty jiz nebyly v pribéhu experimentu
dopliovany. To vedlo k transformaci sadrovce na bassanit,
ktera byla iniciovana jak teplotou, tak sloZenim jilového
materialu — bassanit byl identifikovan po dvanacti mésicich
v bentonitu FEBEX za laboratorni i zvySené teploty, zatimco
V bentonitu Rokle ve stejném cCasovém horizontu pouze za
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teploty zvySené. Ke kompletni transformaci sadrovce na
bassanit doslo pouze ve vzorku zatizeném maximalni teplotou
po maximalni Cas, ostatni vyskyty novotvofenych fazi byly
smiSené.

Kromé novotvofenych fazi byla u bentonitu FEBEX
v saturatnim médiu SGW-K-10 zaznamenana 1 zména
montmorillonitu na illit, takzvana illitizace.

lllitizace je jednim z nejvyraznéjSich degradacnich procesi,
ktery by mohl vyrazné ohrozit mineralogickou stabilitu tésnici
i zasypové bariéry (Pusch 2006). V dusledku illitizace se
zhorSuji pfiznivé funkéni vlastnosti smektitu: schopnost
bobtnani, sorpéni vlastnosti a kationtova vyménna kapacita.
V tésnici bariéfe obsahujici takto degradovany bentonit se
zvySuje hydraulickd vodivost a klesd jeji sorpéni kapacita
(Inoue, Utada & Wakita 1992; Hatano, Hatano & Suzuki
1995; Hokmark, Karnland & Pusch 1997; Wersin, Johnson &
McKinley 2007; Kaufhold & Dohrmann 2009).

Hlavnimi faktory ovliviiujicimi proces illitizace v hlubinném
ulozisti jsou teplota, ¢as a dostupnost drasliku (Pusch 2006;
Wersin, Johnson & McKinley 2007). Mezi dalsi faktory potom
patii tlak, slozeni a fyzikaln€é chemické vlastnosti porovych
fluid a jilového materialu a nutna je i urcita aktivaéni energie
(Cuadros & Linares 1996; Pusch & Karnland 1996; Pusch
2006).

Vzhledem k teplotni zatézi béhem experimentu Mock-Up-CZ
(maximalni teplota 90 °C) se zdosud dostupnych dat
(Karnland & Birgersson 2006; Plotze et al. 2007; Wersin,
Johnson & McKinley 2007) nepiedpokladala vyrazna pfeména
smektitu na smiSené struktury illit-smektit &i illit, nebot’
k tomu je obecné zapotiebi teplot vyssich nez téch dosazenych
V experimentalni nadobé. Jak uvadi (Pusch & Karnland 1996),
vyznamna illitizace nastadva pii neomezeném pristupu
k drasliku béhem né&kolika tisict let pii teploté 150 °C,
zatimco za teploty do 100 °C je illitizace naprosto
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bezvyznamna po dobu desitek tisic let. Ke stejnému zavéru,
tedy ze za teploty pod 100 °C bude illitizace naprosto
zanedbatelna, dosel i tym Svédskych védct (SKB 2004),
vychazejici ze soucasnych modeli illitizace.

U zdroje fluida v experimentu Mock-Up-CZ se projevil jiny
klicovy faktor pro illitizaci nez je teplota, a to, dostupnost a
celkové mnozstvi drasliku. Podle Pusche & Karnlandové
(1996) je piistup k drasliku hlavni faktor, ktery kinetiku reakce
kontroluje za teplot vysSich nez 60 °C, podle Pusche (2006) je

vvvvvv
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vyssich teplot (vice nez 300 °C) mélo mnozstvi drasliku
Vv systému relativné mensi vliv na rozsah illitizace, zvlasté za
delsich casovych intervald. Pokud tedy bude zajiSténo
zamezeni pfistupu k drasliku v ulozisti, bentonitova bariéra se
béhem statisicti let vyznamné nezméni (Pusch & Karnland
1996).

V ptipadé experimentu dlouhodobé stability bariér byly
hlavnimi faktory illitizace dostate¢ny piisun drasliku a také
slozeni jilového materialu. Lze tak usoudit z faktu, ze
procesem byl postizen pouze bentonit FEBEX v médiu SGW-
K-10, nehledé na tepelnou zatéz. Od vychozich hodnot pro
nezatizeny materidl (11 % vrstev illitu) doslo k navySeni
mnozstvi illitovych vrstev 0 3-12 %, tedy na hodnoty
14-20 % illitovych vrstev pro vzorky za laboratorni teploty a
16-23 % pro teploty zvySené na 80-90 °C. Vzhledem k chybé
méfeni (smerodatna odchylka je 3 %) je mozno konstatovat, ze
Vv tomto piipad¢ tedy teplota na proces illitizace neméla zadny
zasadni vliv.

Podle Whitneye (1992) probiha illitizace tak, ze nejprve dojde
k rapidnimu navySeni mnozstvi illitu, nicméné potom se
dramaticky zpomali s nartistajicim casem. To pfesné odpovida
i vysledkim experimentu stability bariér, kdy se mnoZzstvi
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illitovych vrstev prudce zvysilo jiz béhem prvniho tydne a
posléze jiz nijak vyznamné nenaristalo. V experimentu Mock-
Up-CZ nebylo mozné podobny proces sledovat, nebot
neprobihalo pribézné vzorkovani materidlu zasypu u vika
experimentalni nddoby.

5. Zavéry

Hlavnim pfinosem experimentu Mock-Up-CZ je zhodnoceni
stability  zakladnich  mineralogickych, chemickych a
geochemickych parametri bentonitu z loziska Rokle, ziskani
prvnich poznatkd v ¢eské historii z tohoto typu experimentd,
overeni relevantnosti pouzitych metod a ovéfeni navrhovaného
pristupu pfi feSeni takovéhoto multidisciplinarniho projektu.

Vysledkem praci zahrnutych v projektu Sledovani dlouhodobé
stability inzenyrskych bariér na bdzi bentonitu s vyuZitim
zatéezovacich procedur a experimentii in situ a hodnoceni
jejich retardacni funkce je popis zmén mineralogickych,
chemickych a geochemickych parametrti pouzité bentonitové
smési (Rokle, FEBEX) na stabilitu chovani materialu
inzenyrské bariéry. Provedeny vyzkum zdsadnim zplsobem
prispél k blizS§imu porozuméni nastroji pro hodnoceni
vhodnosti a vyuzitelnosti ¢eskych bentonitli jako té€snicich
nebo vyplnovych materialti v hlubinném ulozisti.

Vyznamnou soucasti obou experimentalnich projekti byl
vyzkum mineralogické stability bentonitového materialu, resp.
pfipadnych  mineralogickych (fazovych) zmén v ném
probéhlych, provadény na Prirodovédecké fakulté¢ Univerzity
Karlovy.

V Zadném analyzovaném vzorku z bentonitovych tvarnic
tvoricich tésnici bariéru v experimentalni nadobé Mock-Up-
CZ nebyly zaznamenany novotvoiené faze ani mineralogické
pfemény. Mineralogicky stabilni byla i vétSina vzorki
z projektu sledovani dlouhodobé stability inzenyrskych bariér
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(suspenze v tlakovych nadobach, fyzikalni modely, vzorky
z procedury in situ, experimenty scementy a cementovou
vodou, material z Mock-Up-CZ, bentonity Rokle i FEBEX
zatizené médii SGW-Mg, SGW-Mg-10, SGW-K, Josef ¢i
destilovanou vodou).

Ve vzorcich pochazejicich ze zasypu experimentalni nadoby
Mock-Up-CZ se vytvotila okem viditelna zrna sadrovce
sillitovou aureolou. Cetnost vyrostlic rapidné klesala
S narustajici vzdalenosti od zdroje syntetické granitické vody,
¢imz byl jasné deklarovan zasadni vliv pfisunu drasliku na
proces probéhlé illitizace. Navic SO,% z této granitické vody
zareagoval s Ca®* z karbonatii za vzniku daného sadrovce.
Stejnym mechanismem vznikla i sadrovcova zrna v projektu
sledovani dlouhodobé stability inzenyrskych bariér. Byla
identifikovdna ve vzorcich bentonitti FEBEX a Rokle
zatizenych médiem SGW-K-10. Jelikoz médium v tomto
experimentu nebylo pribézné doplnovano, vznikly sadrovec se
S ¢asem postupné transformoval na bassanit.

Vyrazny piisun drasliku do systému hral vyznamnou roli
i v experimentu sledovani dlouhodobé stability inzenyrskych
bariér. Vzorky bentonitu FEBEX podrobené zatézi saturatnim
médiem SGW-K-10 vykazovaly ptfitomnost illitizace a to
nezavisle na teploté. V bentonitu Rokle nebyla podobna
transformace zaznamenana, 1ze tedy usoudit, Ze tento bentonit,
ktery bude pouzit v eském hlubinném ulozisti, byl za danych
podminek mineralogicky stabilnéjsi.
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The influence of temperature and hydration on the long
term stability of the buffer material

1. Introduction

Deep disposal is considered a safe solution to the management
of high-level radioactive waste worldwide. The objective of
the permanent disposal of radioactive waste is to isolate this
waste from the biosphere in such a way that even the release
of radionuclides, as a result of not completely excludable
migration processes, will not lead at any time in the future to
the breaking of any dose thresholds. The cornerstone of all
proposed schemes for the underground disposal of radioactive
wastes is the multiple-barrier concept — a geological repository
uses multiple barriers that include the waste form, container,
sealing materials, and the host rock. The system is designed
such that the failure of one component would not jeopardize
the safety of the containment system as a whole.

Bentonites compressed to a given density are considered as the
main buffer material used in high-level radioactive waste
disposal concepts in many countries (Pusch et al., 2007). The
buffer material is expected to fill the spaces between the
canisters with the spent fuel and the surrounding
geoenvironment (Gens et al., 2002; Komine, 2004). As a part
of the engineering barriers, the buffer materials are expected to
have the function of both isolation and retardation, i.e.
prevention of the flow of groundwater from the surrounding
rock to the canisters, as well as adsorbing any potentially
released radionuclides from the corroded/corroding canisters.
These functions are acquired by the unique properties of
smectite-rich  materials, which include low hydraulic
conductivity, high adsorption capacity, swelling, and/or self-
healing potential (Hatano et al., 1995; Kamei et al., 2005;
Komine, 2004; Montes-H et al., 2005; Savage et al., 1999). A
thorough understanding of the behaviour of the buffer
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materials in conditions simulating the repository is a necessary
prerequisite for ensuring that the bentonite buffer will sustain
its properties over the required repository life-time
(100,000 years) (e.g., Gibb, 1999).

2. Aims of the study

The objective of this study is to identify mineralogical changes
and describe transformation processes in the bentonite
materials due to heating and interaction with various saturation
media (with different chemical composition) under controlled
laboratory and in situ conditions (“Mock-Up-CZ” and “Long-
term stability of engineering barriers” experiments).

3. Material and methods

The Mock-Up-CZ experiment performed by the Centre of
Experimental Geotechnics (Czech Technical University)
simulates vertical placement of a container with radioactive
waste according to the Swedish KBS-3 system (Fig. 1). The
experiment lasted for a period of 3 years and 9 months. The
model consists of a heating canister (substitutes a container
with radioactive waste, 90 °C max) surrounded by an
engineered barrier of bentonite blocks (200 mm wide), which
are enclosed in a cylindrical steel cover. The system was
saturated with synthetic granitic water. All empty spaces
(except for a 10 mm assembly space between the heater and
the barrier) were filled with a loose bentonite mixture
(Pacovsky et al., 2007). Six measurement profiles (Fig. 1)
along the height of the experimental tank served as continuous
measurement of on-going processes (Pacovsky et al., 2007). A
number of sensors (40 thermometers, 50 hydraulic pressure
cells and 37 humidity sensors) monitored temperature,
pressure, and moisture changes in those profiles.
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Fig. 1. Mock-Up-CZ experiment.

The material for both the buffer and the backfill zone consists
of a mixture of Role bentonite (85 vol.%), quartz sand
(10 vol.%), and graphite (5 vol.%). In this specific study,
focused on the mineralogical changes in both backfill and
buffer zones, the samples were obtained in six specific depth
levels of the buffer and in one level of the backfill (Fig. 1).

The “Long-term stability of engineering barriers”
experimental study was performed by using three materials —
Rokle bentonite, FEBEX bentonite, and a Mock-Up-CZ
buffer-like mixture. The experimental materials were
subjected to interactions with five types of saturation media
which either represent natural groundwater (from the drill
holes in the Josef Underground Educational Facility — the
Josef UEF) or simulate artificial groundwater with an increase
primarily in K* and Mg* content. The experiments were
performed using the study material in (1) highly compacted
blocks, (2) in dispersions and (3) as a hole filling during an in
situ experiment.
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In the case of the highly compacted blocks, only the Rokle
bentonite was used. The blocks were placed in small physical
models, and were saturated with SGW-K and Josef saturation
media at 95 °C. In experiments with dispersions, 4 kg of wet
experimental material was mixed with 3 L of the saturation
media (SGW-K and Josef type) into the intended dispersion.
To avoid drying during the thermal loading which included a
period of 13 days at 95 °C and 1 day at 25 °C, with a break for
water level monitoring/water refilling, the samples were
placed in pressure vessels. Individual samples were extracted
after 3, 6, 12, and 18months of interaction.

During the in situ procedure, highly compacted cylinders of
bentonite were inserted into 70 cm long perforated tubes.
Subsequently they were pushed into the five drilled holes (the
Rokle and Mock-Up-CZ materials were represented twice,
with the FEBEX bentonite in one of the drill holes) at the
Josef UEF site. The perforated tubes provided inflow of water
from the surrounding rock mass and minimized the erosion of
the bentonite and its transport out of the test site. During this
experiment, the specimens were only subjected to ambient
temperatures within the rock mass. Samples were extracted
after 4, 6, 11, and 17months.

A fourth set of specimens was subjected to hydrothermal
treatment, at 25 °C and 80-90 °C, in the laboratories of the
Institute of Chemical Technology in Prague (ICT). Non-
compacted experimental materials from all sample types were
mixed with the saturation media at a 1:3 ratio and were
continuously clamped to a laboratory shaker. The saturation
media were not refilled during the experiment. The samples
were extracted after 1 and/or 2weeks, and after 1, 2, 3, 4, 5, 7,
10, and/or 12months. Those samples saturated with the Josef
saturation medium were extracted only during the first
4months.
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The mineralogical composition of the experimental material
was studied by means of standard X-ray diffraction technique
(XRD) and in the case of Mock-Up-CZ experiment by FTIR
spectroscopy. XRD analysis aimed to identify present
crystalline phases and to evaluate transformation processes
that affected bentonite during the experimental heating and/or
hydration. XRD measurement was conducted by using X'Pert
Pro (PANanalytical) diffractograph with the X'Cellerator
detector with the following measurement conditions:
irradiation CuKa, secondary graphite monochromator, degree
range 3-60° 2 theta, step 0.05° per 200 s, voltage 40 kV and
current 30 mA (Laboratory of XRD, Institute of
Geochemistry, Mineralogy and Mineral Resources, Charles
University). Solvation with ethylene glycol at 40 °C for 24 h
was used to distinguish smectites from other clay minerals on
diffractograms. The raw XRD spectra were processed through
the Bede ZDS 4.17 software (Ondrus, 1997).

4. Results and discussion

To ensure the long-term safety of the engineering barriers of a
high-level radioactive waste repository, it is very important to
understand the processes of potential transformation of the
smectites into non-swelling phases. The transformation of
smectites to illite/smectite mixed layer minerals or to non-
expandable layer silicates (illite and/or chlorite) reduces the
swelling potential of the buffer, and thereby its low hydraulic
conductivity and self-sealing potential (Pusch et al., 2007).
The composition of the saturation media can play a very
important role in such processes, but it has not been
experimentally verified (Missana et al., 2004; Konya et al.,
2005; Jakob et al., 2009).

The mineralogical changes in the barrier involve two major
processes: transformation of smectite, and formation of
gypsum and/or bassanite.

26



No mineralogical changes were found in the buffer zone of
Mock-Up-CZ experiment. According to a low temperature in
the experimental tank, no changes were, in fact, expected. The
changes in the backfill (placed on the top of the experimental
set-up) were clearly detectable by naked-eye as several mm
large whitish spots surrounded by light brown margin, also
several mm in diameter (Fig. 2).

»

Fig. 2 Newly formed gypsum with illitic aureole in the backfill of the
Mock-Up-CZ experiment.

The XRD analysis confirmed that the whitish spots are
composed only of gypsum whilst the light-coloured brown rim
is composed mainly of illite. These “spots”, very common at
the top of the backfill rapidly disappear with depth. The
transformation of smectite to illite is thus probably due to the
hydration of the backfill because the synthetic granitic water
was enriched in potassium that is essential for the
transformation of smectite to illite (Whitneye, 1992; Pusch &
Karnland, 1996; Pusch, 2006).

No transformation processes were identified in the second
experiment in the bentonite samples which reacted with
solutions in the form of highly-compacted blocks, dispersion,
and/or with the in situ drill-hole fillings. In the samples

27



subjected to common batch laboratory experiments (ICT
laboratories), phase changes or formation of new phases was
not observed in the Rokle and FEBEX bentonites interacted
with the SGW-K, SGW-Mg, SGW-Mg-10, and Josef
saturation media. In contrast, some significant phase changes
were achieved in the Rokle and FEBEX bentonite samples,
which interacted with the SGW-K-10 saturation medium.

The first change concerns the partial transformation of the
montmorillonite layers to illite in the FEBEX bentonite, based
on the A260 values (14-21%+3% of illite layers), compared to
the original material. For the Rokle bentonite, this parameter
remained unchanged. The second change observed is related to
the formation of new phases — gypsum (CaSO4-2H20) and
bassanite (CaSO4-1/2 H20) — in both bentonites studied from
the 7th month (FEBEX bentonite), or from the 10th month of
experiments (Rokle bentonite). Gypsum formation was
controlled by calcite dissolution and the presence of fluids rich
in the sulphate anion (SGW-K-10 saturation medium).

In the ICT laboratory experiments, the bentonites were
initially mixed with the saturation media at a ratio of 1:3, and
the fluids were not further refilled during the experiment. The
insufficient amount of the saturation media after 12 months
transformed the newly formed gypsum to bassanite.

The gypsum to bassanite transformation was also controlled
by temperature and the bulk chemistry of the bentonite.
Bassanite was identified in specimens of the FEBEX bentonite
subjected to treatments in the ambient and elevated
temperatures for at least 12 months; similar results were
achieved for the Rokle bentonite subjected to only at 80-90°C.
In one specimen (FEBEX, 80-90°C, 12 months), the gypsum
was completely transformed into bassanite. However in other
specimens (Rokle, 80-90°C, 12 months; FEBEX, 25 °C,
12 months) the mixture of gypsum and bassanite indicated
only a partial transformation.
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Except for the FEBEX and Rokle bentonite samples subjected
to interaction with the SGW-K-10 saturation medium, other
transformation processes were not observed. The other
saturation media did not affect mineralogical changes under
the experimental conditions used in this study.

Transformation of smectite to mixed layer clay minerals
and/or illite is one of the major reactions affecting the long-
term performance of the buffer material, and a key factor in
safety scenarios of nuclear waste repositories (Arcos et al.,
2008). Despite numerous previous experimental studies and
collected knowledge on the illitization process in bentonite
barriers that is driven by temperature, pressure, pore fluid
composition, bulk chemistry of the clay, specific composition
of the smectite, and time (see review by Wersin et al., 2007
and references therein, Hatano et al., 1995; Pusch and
Karnland, 1996; Hokmark et al.,, 1997, among others),
the details of the smectite to illite transformation are still being
debated. The presence of potassium is a prerequisite for illite
formation, and it is generally accepted that the rate of
smectite-to-illite conversion is controlled by some specific
activation energy (Huang et al., 1993).

In our experiment, abundant K-availability and the bulk
chemistry of the clay were the key factors for illitization, since
only the FEBEX bentonite in the SGW-K-10 medium was
affected, regardless of the temperature.

The effect of potassium availability is more important at lower
temperatures (our case) than at higher temperatures (Whitney,
1992). Initially, the illite proportion increased rapidly
decreasing dramatically with time (Whitney, 1992). This is in
agreement with our experiment, where the amounts of illite
layers increased during the first week, becoming stable later.
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5. Conclusions

No mineralogical changes were found in the buffer zone of
Mock-Up-CZ experiment. According to a low temperature in
the experimental tank, no changes were, in fact, expected. In
the backfill part of the experiment (i.e. above the top of the
canister), clear evidence of the formation of gypsum clusters
and illitization in the contact zone between gypsum and
surrounding bentonite was observed. The gypsum disappears
very quickly with distance from the source of artificial
hydration.

In the “Long-term stability of engineering barriers”
experimental study phase changes in Rokle and FEBEX
bentonites and one buffer-like mixture (Mock-Up-CZ)
prepared under various conditions, and exposed to saturation
by liquids with an increased content of potassium and/or
magnesium were studied. The availability of potassium and
the bulk chemistry of the original materials control the partial
transformation of the smectite to illite, which was
accompanied by formation of abundant gypsum and/or
bassanite, the latter formed from insufficient supply of a liquid
phase to the experiment. The transformation of smectites and
the formation of new phases were enhanced by an increase of
temperature (80-90 °C in this case) and a type of bentonite
material.

6. References

Arcos, D., Grandia, F., Doménech, C., Fernandez, A.M., Villar,
M.V., Muurinen, A., Carlsson, T., Sellin, P., Hernan, P., 2008,
‘Long-term geochemical evolution of the near field repository.
Insights from reactive transport modelling and experimental
evidence.', J. Contam. Hydrol. 102, 2008, pp. 196-209.

Gens, A., Guimaraes, L., do, N., Garcia-Molina, A., Alonso, E.E.,
2002, ‘'Factors controlling rock-clay buffer interaction in a
radioactive waste repository.', Eng. Geol. 64, 2002, pp. 297-308.

30



Gibb, FGF 1999, 'High-temperature, very deep, geological disposal:
a safer alternative for high-level radioactive waste?', Waste
Management 19, 1999, pp. 207-211.

Hatano, Y, Hatano, N & Suzuki, A 1995, 'Dynamic analysis of
nuclide diffusion with illitization of the buffer material.’, Waste
management 15, 1995, pp. 495-500.

Hokmark, H, Karnland, O & Pusch, R 1997, 'A technique for
modeling transport/conversion processes applied to smectite-illite
conversion in HLW buffers’, Engineering Geology 47, 1997, pp.
367-378.

Huang, W.-L., Longo, J.M., Pevear, D.R., 1993, 'An experimentally
derived kinetic model for smectite-to-illite conversion and its use as
a geothermometer. ', Clays Clay Miner. 41, 1993, pp. 162-177.

Jakob, A., Pfingsten,W., Van Loon, L., 2009, 'Effects of sorption
competition on caesium diffusion through compacted argillaceous
rock. Geochim.", Cosmochim. Acta 73, 2009, pp. 2441-2456.

Kamei, G, Mitsui, MS, Futakuchi, K, Hashimoto, S & Sakuramoto,
Y 2005, 'Kinetics of long-term illitization of montmorillonite - a
natural analogue of thermal alteration of bentonite in the radioactive
waste disposal system.', Journal of Physics and Chemistry of Solids
66., 2005, pp. 612-614.

Komine, H 2004, 'Simplified evaluation for swelling characteristics
of bentonites', Engineering Geology 71, 2004, pp. 265-279.

Koénya, J., Nagy, N.M., Nemes, Z., 2005, The effect of mineral
composition on the sorption of cesium ions on geological formations.
', J. Colloid Interface Sci. 290, 2005, pp. 350-356.

Missana, T., Garcia-Gutiérrez, M., Alfonso, U., 2004, 'Kinetics and
irreversibility of cesium and uranium sorption onto bentonite
colloids in a deep granitic environment. ', Appl.Clay Sci. 26, 2004,
pp. 137-150.

Montes-H, G, Marty, N, Fritz, B, Clement, A & Michau, N 2005,
'Modelling of long-term diffusion-reaction in a bentonite barrier for
radioactive waste confinement', Applied Clay Science 30, 2005, pp.
181-198.

31



Ondru§, P 1997, 'ZDS - software for X-ray powder diffraction
analysis. ZDS Systems Inc., Praha.".

Pacovsky, J, Svoboda, J & Zapletal, L 2007, 'Saturation development
in the bentonite barrier of the Mock-Up-CZ geotechnical
experiment’, Physics and Chemistry of the Earth 32, 2007, pp. 767-
779.

Pusch, R 2006, 'Clays and Nuclear Waste Management.', in F
Bergaya, BKG Theng, G Lagaly (eds.), Handbook of Clay Science.
Developments in Clay Science, Vol 1., 1st edn, Elsevier, Oxford.

Pusch, R & Karnland, O 1996, 'Physico/chemical stability of
smectite clays', Engineering Geology 41, 1996, pp. 73-85.

Pusch, R, Kashohm, J, Pacovsky, J & Cechova, Z 2007, 'Are all
smectite clays suitable as "buffers"?', Physics and Chemistry of the
Earth 32., 2007, pp. 116-122.

Savage, D, Lind, A & Arthur, RC 1999, Review of the properties and
uses of bentonite as a buffer and backfill material., SKI Report,
Sweden.

Wersin, P, Johnson, LH & McKinley, 1G 2007, 'Performance of the
bentonite barrier at temperatures beyond 100 °C: A critical review.',
Physics and Chemistry of the Earth 32., 2007, pp. 780-788.

Whitney, G 1992, 'Dioctahedral smectite reactions at elevated
temperatures: Effects of K-availability, Na/K ratio and ionic
strength’, Applied Clay Science 7, 1992, pp. 97-112.

32



CURRICULUM VITAE - ZIVOTOPIS

Osobni udaje

Jméno:

Adresa trvalého bydliste:
Telefon:

E-mail:

Narodnost:
Datum narozeni:

Vzdélani

1992 — 1999

Néazev skoly:
Dosazena kvalifikace:

2001 — 2006
Nazev skoly:

Studijni program:
Studijni obor:
Specializace:

Statni zavérecné zkousky:

2006 — ...
Nazev skoly:

Studijni program:

Svandova Jana

Okruzni 220, Babice, 251 01
+420 605 704 305
jasv@centrum.cz,
jana@astronomie.cz

Ceska

8. srpna 1980

Viceleté gymnazium Hofice
maturita (Cesky jazyk,
anglicky jazyk, chemie,
fyzika)

Prirodoveédecka fakulta
Karlovy Univerzity
magistersky

geologie

loziskova geologie
loziskova geologie,
mineralogie, geochemie

Prirodovédecka fakulta
Karlovy Univerzity

doktorské studium, aplikovana
geologie

33


mailto:jasv@centrum.cz

Statni doktorské zkousky: loziskova geologie nerud,
jilova mineralogie,
geotechnologie hlubinnych
ulozist’ jaderného odpadu

Absolvované kurzy

2005 Kurz mineralogie se
zamétenim na gemologii — PfF
UK

2007 Kurz aplikace GIS v
geologickych védach

Pracovni zkuSenosti

2001 (Cervenec, zaii) Astronomicky ustav AVCR
Ondrejov, stelarni odd€lenti,
zpracovani spektroskopickych
dat

2006 — 2009 Ceska geologicka sluzba,
vyzkumna pracovnice

2009 -2010 ZkuSebna kamene a kameniva,

s.r.o., Specialista centra
technické normalizace

34



Publikace:

Svandova J., Videnska, K., Piikryl, R (2013): Experimental
evaluation of the influence of saturation media on the
mineralogical and physicochemical stability of bentonites.
Applied Clay Science 86: 1-10.

Kolafikova I., Svandova J., Piikryl R. (2010): Mineralogical
changes in bentonite barrier within Mock-Up-CZ experiment.
Applied Clay Science 47(1-2): 10-15.

VinSova H., Jedinakova-Kfizova V., Kolarikova I., Adamcova
J., Prikryl R., Zeman J. (2008): The influence of temperature
and hydration on the sorption properties of bentonite. Journal
of Environmental Radioactivity 99 (2): 415-425.

Svandova J., 2008: Nerostné suroviny - bohatstvi kraje.
Kapitola do knihy "Ptirodou z Polabi k hrani¢nim horam" (66-
69), editor: RNDr. Petr Rybar, ISBN 978-80-254-2736-1,
vydal Kralovéhradecky kraj 2008, 264 stran.

Adamcova J.: 2007, Zmény viastnosti bentonitit pri tepelné a
salinni zatézi. Zpravy o geologickych vyzkumech v roce 2006,
Ceska geologicka sluzba, 198-201. (ISBN 978-80-7075-698-0,
ISSN 0514-8057).

Adamcova J., 2008: Moznost vyuziti bentonitu z loziska
Rokle jako geotechnické bariéry v hlubinném uloZzisti
radioaktivniho odpadu. Mineralni suroviny, TéZebni unie, 32-
33. (ISSN 1212-7248).

R. Vagicek, V. K¥izové, J. Zeman, J. Svandova, R. Piikryl:
"Long Term Stability of the Buffer Material: Rokle, Mock-
Up-CZ and FEBEX bentonite." The fourth meeting on "Clays
in Natural & Engineered Barriers for Radioactive Waste
Confinement", 29th March to 1st April 2010, "Cité
Internationale des Congres" in Nantes, France. Proceedings
from 4™ international meeting, pp. 725-726.

35



