Abstract

Abstrakt

Stanoveni diftiznich koeficientd z diftiznich experimentli v kompaktovaném bentonitu
ovlivnéném piitomnosti prostfedi hostitelské horniny a cementovych konstrukénich materiala
jsou esencialni pro posuzovani bezpec¢nosti bentonitové inZenyrské bariéry pro ukladani
radioaktivnich odpadti v hlubinnych ulozistich. Cilem prace bylo se zabyvat bentonitem

ovlivnénym granitickou pfirodni bariérou a cementovymi konstruk¢énimi materialy.

K dosazeni podminek v kompaktovaném bentonitu (BaM), zalozenych na potencidlnich
procesech v hlubinném ulozisti byly navrzeny 2 typy laboratornich experimentd. V prvnim
typu byly vzorky kompaktovaného bentonitu (objemova hmotnost: 1480 — 1550 kg/m?)
ekvilibrovany syntetickou podzemni granitickou vodou (série BaM:SGW-UOS) a vyvinutou
cementovou vodou (série BaM:ECW), v pribéhu ekvilibrace byly v kapalné fazi pozorovany
zmény pH, mérné vodivosti, koncentrace vybranych kationtt, alkality a dale bylo provedeno
kontrolni stanoveni na ptfitomnost bentonitovych koloidi. Ze zmétenych hodnot vyplyva, ze
v ptipad¢ série BaM:SGW-UOS nebylo po 6 tydnech dosazeno ekvilibrace a systém bentonit

— cementova voda v sérii BaM:ECW se stale vyviji a neni mozné docilit ekvilibrace.

Poté nasledoval prinikovy difizni experimentu (14 dni) HTO a jodidu '#I.

Z namétenych dat byly stanoveny optimalni modely modulem EVALDIFF, z nichz byly

ziskany charakteristické veliciny pro difuzi — zdanlivy D, a efektivni D, difuzni koeficient:

e pro HTO:
Da=(1,82£0,31)x10"" m?%/s, De = (8,4 £ 1,3)x10""! m%/s v sérii BaM:SGW-UOS,
Do= (3,75 £ 0,54)x10"'° m%/s, De = (1,78 + 0,25)x107'° m?/s v sérii BaM:ECW,

e apro jodid:
D, = (8,6 £ 1,5)x10""" m%s, D. = (2,38 + 0,45)x10"'2 m?%/s v sérii BaM:SGW-UOS,
D,= (1,57 +0,59)x10"'° m%/s, De = (4,9 £ 1,8)x10"'2 m%/s v sérii BaM:ECW.

Pro druhy typ experimentu bylo navrZzeno uspoiaddni, kdy na vzorek bentonitu
navazoval vzorek cementového materidlu (3:2 = CEMII/A-S42,5R : H;O). Vzorky byly
po 6 tydnech oddéleného syceni syntetickou granitickou vodou spojeny a byl zahdjen HTO
difuzni experiment (28 dni). Dale byl proveden HTO difuizni experiment ve vzorku cementu
(série CEM:SGW-UOS) z n&hoz byly ziskany parametry diftize Da= (5,61 + 0,98)x10!! m%/s,
De = (2,33 + 0,41)x10'"" m?s. Stanoveni porozity cementového vzorku bylo vyzvou

a k vyhodnoceni experimentu ve spojenych vrstvach se bude potieba vratit.

Prib¢h ekvilibrace bentonitu kapalnymi fazemi nebyl doprovazen tvorbou koloidi,

méteni pH a mérné vodivosti je pro monitorovani ekvilibrace pouze orientacni. V tenké vrstveé
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bentonitu v pfimém kontaktu s cementovou vodou po 8 tydnech doslo k poklesu kationtove
vyménné kapacity a zméné plasticity, coz miize byt zpiisobeno vznikem sekundarnich fazi
nebo ucpanim pori, zatimco ostatni vzorky zustaly beze zmény. Ve vSech bentonitech doslo
k poklesu zastoupeni sodiku v disledku iontové vymény za vapnik. Vychozi bentonit
a ekvilibrované bentonity prokazaly malou bobtnavost. Tvorba sekundarnich fazi musi byt

potvrzena dal$imi analyzami (naptiklad XRD).

Dopliikové difizni experimenty HTO a jodidu '*°I prokézali zavislost referencniho
diftzniho koeficientu na slozeni kapalné faze, pro dalsi prace bude nezbytné tyto koeficienty
upfesnit, aby bylo mozné diskutovat geometrii diftizni cesty.
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Abstract

Diffusion coefficients obtained from diffusion experiments in compacted bentonite
under relevant conditions, based on interactions with the host rock and cement construction
materials, are fundamental for the performance assessment of radioactive waste disposal

in deep geological repositories.

To achieve such conditions in compacted bentonite (BaM), based on potential processes
in deep geological repository, two laboratory works were done. The first type of experiments
consisted in the equilibration of compacted bentonite (with dry density of 1480 — 1550 kg/m?)
by underground granitic water (series BaM:SGW-UOS) and evolved cement water (series
BaM:ECW). During the equilibration process, pH, specific conductivity, concentration
of selected cations, alkalinity, generation of colloids were monitored. After 6 weeks, in both
series equilibration steady state was not reached, in series BaM: ECW system is still evolving

and it is not possible to achieve equilibration.

Equilibration process was followed by HTO and iodide '*I through diffusion
experiments (2 weeks). Using module EVALDIFF apparent and effective diffusion

coefficients were determined:
e HTO diffusion experiment:
Da=(1.82+0.31)x10'1% m%/s, D. = (8.4 + 1.3)x10"!! m%/s series BaM:SGW-UOS,
Da=(3.75 £ 0.54)x1071° m%/s, De = (1.78 £ 0.25)x107!% m?/s series BaM:ECW,

e Jodide diffusion experiment:
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D, = (8.6 £ 1.5)x10"! m%s, D. = (2.38 + 0.45)x10"'2 m?/s series BaM:SGW-UOS,
D,=(1.57 £ 0.59)x10"'% m?/s, De = (4.9 £ 1.8)x10"'2 m?/s series BaM:ECW.

The second type of experiment has been proposed configuration in which the sample
of bentonite is connected to cementitious material (3:2 = CEM II A-S42,5R: H>0). Samples
were separately saturated in synthetic granitic water, after 6 weeks, samples were connected
together and HTO diffusion experiment started (4 weeks). Furthermore, in the HTO diffusion
experiment through the cementitious material (series CEM:SGW-UOS) diffusion parameters
were obtained: D, = (5.61 £ 0.98)x107!" m?%s, D. = (2.33 + 0,41)x10"!'m?%/s. Determination
of porosity of the cement sample was challenging and to evaluate the whole experiment

in connected layers will need to return.

The progress of equilibration in bentonite-liquid phases was not accompanied
by the formation of colloids, monitoring the pH and conductivity is not an accurate method
to find equlibration state. In the thin layer of bentonite in direct contact with evolved cement
water, cation exchange capacity has decreased and plasticity has changed, which may be due
to a formation of secondary phases, while other samples remained unchanged. In all samples
the ratio of sodium has decreased due to ion exchange of sodium by calcium. Raw and
equilibrated bentonite showed small swelling capacity. The formation of secondary phases
can cause a clogging of voids and it has to be confirmed by others analysis (e. g. XRD
analysis).

Additional diffusion experiments HTO and 125 iodide demonstrate the dependence
of the reference diffusion coefficient on the composition of the liquid phase. For further work
will be necessary to clarify these coefficients in order to discuss the geometry of the diffusion

path.
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