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Projects

Behaviourof radionuclides in the geosphere; in situ studiely RL)

Modelling fracture flow, matrix diffusion and sorption using the lati®@tzmann method (JYFL)

Chemical forms and sorption of radiocarbon in geospliEéRL)

Release of @4 from metallic waste (VTT)



NUCLEAR WASTE
REPOSITORY

Cladding tube Spent nuclear fuel Bentonite clay Surface portion of deep repository

500 m

Fuel pellet of Copper canister Crystalline Underground portion of
uranium dioxide with cast iron insert bedrock deep repository
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RAKU RADIONUCLIDES
MIGRATION IN
CRYSTALLINE ROCK

Eveliina Muuri, Marja Siitari-Kauppi, Eini Puhakka, Jussi Ikonen, Mikko Voutilainen
KYT-puolivaliseminaari 7.4.2017
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IN SITU EXPERIMENTS
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SORPTIO JA DIFFUUSIO-KOKEET

A Laboratoriokokeista ja
mallinnuksesta (PHREEQC &
Comsol) saadut sorptio- ja
diffuusiotulokset samansuuntaisia
kuin in situ T kokeista saadut
tulokset bariumille
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MOLEKYYLIMALLINNUS

20 A SOrptiomekanismin

Yo _o  tutkimusta
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° o«  Kkiinnittyvat samoillle
pinnoille biotiitissa

A Samankaltaista

loninvaihtomallia vol
kayttaa
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BARIUMIN
MINERAALISPESIFINEN

SORPTIO

1cm

Digitaalinen kuva (vasen) ja vastaava autoradiogrammi
(oikea) granodioriittinaytteen pinnasta. Tummat mineraalit
vastaavat suurimmasta bariumin sorptiosta kivipinnalla,
mutta plagioklaasiin havaitaan myos bariumin pidattymista.
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Modelling fracture flow, matrix diffusion and sorption

using the lattice-Boltzmann method P
(
I
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Modelling fracture flow, matrix diffusion and
sorption using the lattice-Boltzmann method

# Radionuclides migrate in fractures of bedrock mainly by advection

@ The water conducting fractures may form routes for faster migration
of radionuclides from repository to biosphere

@ Migration of
radionuclides in the
fractures is retarded by

Diffusion into porous
rock

Sorption on mineral
surfaces

» For safety analysisiitis
essential to understand
transport of radionuclides
In fracture flows
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Modelling fracture flow, matrix diffusion and
sorption using the lattice-Boltzmann method

I _I P — I I2
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— Analytical
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—Analytical
.v=5e—8 m/s, D =2e-12 m%/s
— Analytical

v=1e-6 mfs, D_=2e-11 m’/s

@ Time Domain Random Walk (TDRW) 1o | !
method has been developed to take ]
into account advection

@ Transport of radionuclides in simple

Analytical
.v:5e-7 mis, D_=2e-11 m2/s

Particles
—_—
o
T

—Analytical

fracture flows has been studied o'l
# The developed method has been /
validated using analytical tools. mﬂ' a “
@ Project will continued: 10° T 10°

Time/s

I Combination of lattice-Boltzmann and TDRW-methods:
A Modelling flow field with lattice-Boltzmann -method

A Modelling diffusion and sorption in flow field and rock
matrix with TDRW-method

I Construction of simulator capable for supercomputing (CSC) ?/(

i Application of the combined method to transport simulations I
in realistic fractures scanned with X-ray computed JYVASKYLAN YLIOPISTO
tO mo g r ap hy UNIVERSITY OF JYVASKYLA




CHEMICAL FORMS AND
SORPTION OF RADIOCARBON IN
GEOSPHERE

Janne Lempinen
Jukka Lehto
HYRL
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BEHAVIOUR OF RADIOCARBON IN
GEOSPHERE

Single
radionuclide

Sorption

SpeC|at|0n mechanisms

Isotope
exchange with

calcite
H4CO5
Sorptlon on
iron
(hydr)OX|des

_
Other organics
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ISOTOPE EXCHANGE

A Carbon isotope exchange between
groundwater and calcite at soubility

equilibrium:
CaCO; (s) + H*CO; (aq)

Cal*CO; (s) + HCO; (aq)

A Exponential decrease of the
radiocarbon activity in solution over

time
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A Increasing calcium concentration
Increases the rate of the isotope
exchange

A Half-life of the exchange (S:L ratio
35.7 g/L)

A Fresh groundwater: <60 days
A Saline groundwater: 10 days

J.Lempinen & J. Lehto: Rate of
radiocarbon retention onto calcite by
Isotope exchange, Radiochimica Acta,
104, 2016, 663-671
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SORPTION ON IRON

(HYDR)OXIDES

A Some iron (hydr)oxide minerals have
a cationic surface at goundwater pH

A Experimental data shows sorption on
hematite and goethite but not
significantly on magnetite

A The results are being combined with
geochemical modelling (Phreeqc)
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SORPTION ON IRON
(HYDR)OXIDES
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The distribution coefficient of DIC between hematite The distribution coefficient of DIC between hematite and solution with

( )/goethite () and solution as a function of pH. no added NaCl ( ),10 mM NaCl (K)and 100 mM NaCl (7).
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SPECIATION EXPERIMENTS

A Speciation studies ongoing
to investigate the reduction
of **CO, to “CH, at
reducing conditions
simulating the repository

d e pth Headspace GC separation MS detection
sampling ASeparation of AConcentrations of
: ases in Agilent compounds
A 13C as analogue for 14C Aanual samping 85 Casts o o
with gas syringe column ratios
A G C M S h d and injection to GC
- metho

A At later stage the effect of
microbial activity to
speciation of 14C in the
sulphate-rich layer

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI Matemaattis-luonnontieteellinen tiedekunta

Presentation Name / Firstname Lastname

Calculations

AGas -
concentrations in
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VTT TECHNICAL RESEARCH CENTRE OF FINLAND LTD

C-14 release from activated
metallic waste in disposal
conditions

KYT2018 midterm seminar 7.4.2017
Tiina Heikola, Kaija Ollila



