Abstrakt

Tato prace je zaméfena na proudéni podzemni vody a transport kontaminantd podzemni
vodou v prostfedi granitovych hornin. V praci je pfevazné diskutovan advekéni a disperzni
typ transportu kontaminantl. Transport kontaminantl difGzi je komentovan pouze okrajové
v souvislosti s porovitosti horninové matrice. Zakladnim cilem predkladané prace bylo
charakterizovani granitového prostfedi z hlediska vyzkumu jeho hydraulickych a
mechanicko-fyzikalnich parametrd. Dil¢imi cily bylo laboratorni ovéfeni tésnici funkce
injekéni smési v puklinovém prostfedi granitovych blok(, charakterizovani pérovitosti a
propustnosti granitové matrice v laboratornim méfitku, zjisténi vzajemného propojeni puklin
mezi vrty in situ a stanoveni souvislosti mezi strukturou horniny a rychlostmi seismickych vin.

Jako vhodné injekéni latky byly vybrany 4 smési bentonitu a cementu v rdznych
hmotnostnich pomérech. Na zakladé vysledkl stanoveni koeficientu hydraulické vodivosti
laboratornich vzork(l a dalSich aspekt( jako napf. objemova stalost byla vybrana vhodna
injek&ni smés, kterou byly granitové bloky parcialné injektovany.

Propustnost a pérovitost horninové matrice granitu z lokality Panské Dubenky byla
testovana na tfech laboratornich vzorcich. Hydraulicka vodivost byla uréena v prabéhu deseti
testd s rozdilnymi konstantnimi hydraulickymi gradienty v nasyceném prostfedi. Z vysledku
vyplyva, ze ma testovany granit primérnou otevienou porovitost 1,05%, celkovou poérovitost
1,13% a koeficient hydraulické vodivosti 4,0x10" m.s”’. Rastu otevfené pérovitosti
laboratornich vzork( odpovida rust jejich koeficientu hydraulické vodivosti.

Ovéreni tésnici funkce injekéni smési bylo realizovano na laboratornim télese s pfirozenou
puklinou a dvou télesech s uméle vytvofenymi puklinami z lokality Panské Dubenky. Na
volnych puklinach byly realizovany stopovaci zkousky s roztokem chloridu sodného a
fluoresceinu sou€asné s méfenim objemovych pratoka v zavislosti na definovaném
konstantnim hydraulickém gradientu v nasyceném prostfedi. Poté byly injekéni vrty
v laboratornich blocich zatésnény pomoci jilocementové smési. Nasledné byly stopovaci
zkousky zopakovany. Porovnanim stopovacich zkousek volnych a injektovanych puklin bylo
zjisténo, ze injekéni smés snizuje pfi shodném hydraulickém gradientu pritok vody o pét
fadd a ze po jeji aplikaci se i pfi hydraulickém gradientu vy$Sim o tfi fady snizi ¢asy prvniho
objeveni stopovaCe z vtefin na desitky minut a ¢asy maximalni koncentrace z minut na
hodiny.

Zjisténi vzajemného propojeni puklin mezi vrty na lokalité Panské Dubenky bylo realizovano
pomoci cross-hole testu se stopovacem fluoresceinem. Data z realizovanych C-H testl byla
pouzita k tvorbé geometrického modelu puklinového systému zajmové lokality a slouzila
rovnéz ke kalibraci hydrogeologického modelu. Vysledky C-H testl ukazuji, ze jednotlivé vrty
jsou nejc¢astéji propojeny subhorizontalnimi puklinami. Vertikalni pukliny maji vétsinou funkci
tésnici.

Vzajemné souvislosti mezi strukturou hornin a rychlostmi seismickych vin byly studovany na
laboratornich vzorcich ze sedmi lokalit granitoidnich hornin v Ceském masivu. Rychlosti
seismickych vin byly méfeny na laboratornich vzorcich, které byly nenasycené, nasycené a
vysuSené. Rychlosti seismickych vin vzorky byly porovnany s jejich objemovou hmotnosti,
porovitosti a koeficientem hydraulické vodivosti. Dale byly porovnany hodnoty Youngova
modulu pruznosti vyhodnocené z rychlosti Sifeni seismickych vin (dynamicky) a stanovené
v prubéhu jednoosého stlaCovani (staticky). Rychlosti P-vin i S-vin ve vysuSenych vzorcich
byly nizSi nez ve vzorcich nasycenych. VétSina vzorkl vykazovala mirnou anizotropii
rychlosti. Seismicka méfeni na vzorcich postihla i relativné malé nehomogenity fyzikalnich
parametrl v ramci monotdnniho profilu vrtu a indikovala pozvolné litologické pfechody.
Vzorky ze 4 lokalit vykazovaly narust rychlosti seismickych vin spole¢né z ristem objemové
hmotnosti. Vzorky ze 3 lokalit mély trend poklesu rychlosti seismickych vin spole€né z rlistem
oteviené porovitosti. Na vysuSenych vzorcich z 3esti lokalit byl trend snizujicich se
seismickych rychlosti se zvy3ujicim se koeficientem hydraulické vodivosti korelovan.
Hodnoty dynamickych modult pruznosti stanovenych na pfirozené vihkych vzorcich byly



vy$§i nez hodnoty modulld statickych. Rychlosti P-vin a S-vin méfené napfi¢ vzorky
umisténymi vlisu se v prubéhu stlatovani zvySovaly. Rozdil hodnot dynamického a
statického modulu pruznosti se v pribéhu zatéZovani snizoval. Nasycené vzorky meély nizsi
pevnost v prostém tlaku a staticky modul pruznosti nez vysusené vzorky ze stejné hloubky.
Naopak modul pruznosti stanoveny ultrazvukovym prozarovanim byl vy$Si v nasycenych
vzorcich nez ve vysuSenych vzorcich z téZe hloubky.

Pfinosem této prace a soucasné uvefejnénych publikaci je komplexni zpracovani vlastnosti
granitoidnich hornin  vS8emi dostupnymi metodami méfeni s vyhledem na realizaci
podzemniho ulozisté radioaktivnich odpadu.



Abstract

This work is focused on the groundwater flow and transport of contaminants in the
environment of granitic rocks. Mainly adjective and dispersive types of transport of
contaminants are discussed in this work. Transport of contaminants by diffusion is mentioned
only marginally in relation to porosity of rock matrix. The main aim of this work was to
characterize hydraulic and mechanical-physical parameters of the granite. Partial objectives
were to verify the sealing function of the laboratory grout mixture in fractured granite blocks,
to characterize the porosity and hydraulic conductivity of the granite matrix at laboratory
scale, to find connection between boreholes in situ and to establish a link between the
structure of rocks and velocities of seismic waves.

Four bentonite and cement mixtures in different weight ratios have been selected as a grout
mixture. Suitable injection mixture was selected based on the results of hydraulic conductivity
coefficient, and other aspects, such as volumetric stability. The granite blocks were partially
grouted by using of the selected grout mixture.

Hydraulic conductivity and porosity of the granite rock matrix from the Panské Dubenky test
site was tested at three laboratory samples. Hydraulic conductivity was determined with
different constant hydraulic gradients in the saturated environment. The results show that the
tested granite has open porosity 1.05%, total porosity 1.13% of and coefficient of hydraulic
conductivity 4.0x10"? m.s™. Increase of the open porosity of the samples corresponds to the
increase of the hydraulic conductivity.

Verification of the sealing function of the grout mixture was carried out on laboratory blocks
with natural and artificial fractures from the Panské Dubenky test site. Tracer tests in open
fractures were carried out with sodium chloride and sodium fluorescein. At the same time the
flow rate based on a defined constant hydraulic gradient in a saturated environment was
measured. The injection boreholes of the granite blocks were then grouted using bentonite-
cement grout mixture. Subsequently, tracer tests were repeated. It was found that grout
mixture decreases flow of water five times at the same hydraulic gradient. After application of
grout mixture, even when the hydraulic gradient increased by three orders of value, the time
of first arrival of tracers increased from seconds to tens of minutes and the time of peak
concentration increased from minutes to hours.

The findings of connectivity between boreholes in the Panské Dubenky test site were
realized by cross-hole (C-H) tracer tests with fluorescein. The results of C-H tests were used
to create a geometric model of fracture net and to calibrate the hydrological model. The
results of C-H test show that boreholes are most often connected by subhorizontal fractures.
Vertical fractures had usually sealing function.

Relation between the structure of rocks and velocities of seismic waves was studied in
laboratory samples from seven localities of granitoid rocks in the Czech Massif. Seismic
wave velocities were measured in laboratory samples, which were unsaturated, saturated
and dried. Velocities of seismic waves were compared with their bulk density, open porosity
and coefficient of hydraulic conductivity. Furthermore, comparison of the Young's modulus
evaluated from the velocity of seismic waves (dynamic) and from uniaxial compression tests
(static) was made. Velocities of P-waves and S-waves in the dried samples were lower than
in the saturated samples. Most of the samples showed moderate anisotropy of velocity.
Relatively small inhomogeneities of the physical parameters of the monotonic profile of the
borehole and gradual lithological transition were indicated by seismic measurements.
Samples from four sites showed an increase in the velocities of seismic waves along the
density increase. Samples from three locations showed decrease of seismic waves velocities
along the increase of open porosity. The dried samples from six localities showed a trend of
decreasing seismic velocity with increasing coefficient of hydraulic conductivity. Values of
dynamic modulus of elasticity determined on naturally wet samples were higher than the
static modules. Velocities of P-waves and S-waves measured across the sample increased
during uniaxial compression. The difference between the dynamic and static modulus



decreased during loading. Saturated samples had lower unconfined compressive strength
and static modulus of elasticity than dry samples from the same depth. Conversely modulus
determined by ultrasound was higher in saturated samples than in the dried samples from
the same depth.

The contribution of this work and published papers is a complex processing of the granitic
rocks properties with use of all available measurement methods with a view to implementing
the underground disposal site of radioactive waste.
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