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Role of colloids in the Safety Case

e Colloids might enhance
transport of radionuclides
(RN), particularly for

— advective groundwater
transport

— high pH-values, low
salinity

— large geochemical
gradients

— presence of organics
(humic-/fulvic acids)

— strongly sorbing RN
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e International project at Grimsel Test Site (GTS) with several
International partners

— Follow-on of CRR (Colloid and Radionuclide Retardation)

— Investigation of bentonite erosion / colloid formation at the
Interface between bentonite buffer and pore water

— Mobility of colloid-bound radionuclides / homologues under
reality near hydraulic conditions - Relevance for PA

— Influence of kinetic processes

— Integrated experiment with RN-doted ,bentonite buffer”:
bentonite re-saturation, colloid formation and colloid-facilitated
RN transport
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Deformed Mylonite with
Subfractures, "Openings"
or flow layers
(~Parallel Porosity)

Deformed Rock

Migration
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(Highly Porous) Micaceous Fabric

NAGRA 2004

Zone with many discontinuities
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Up/down dip distance from tunnel centre (m)

. CFM 2004 - 2015
N distance 6.2 m
i outflow 10 — 150 ml/min ——
transport time: 8 — 100 h
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e Field experiments with ideal tracer, colloids, homologues Eu, Tb (lIl), Hf, Th (IV)

e Typical procedure
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Injection of a cocktail with bentonite colloids and homologues

Homologues equilibrated
with formation water and
bentonite colloids

Homologues (llI, V)
guantitatively bound to
colloids

Constant in- / outflow-
rate in each experiment

Online- / offline-
measurement of . . . , .
breakthrough curves i i vy

(BTCs) at extraction site : Injection borehole
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d3f: p=0

n
Shear zone as porous medium 3t_doan=0 %P0
— Flowprogram d3f ~ p=0fT TS 280m T TTTTT T g
— Transport program r3t g p=0
Geometry, inflow, outflow a0 (outflow) o |
according to the experimental v
conditions Tgaem T
\;”:8 (impermeable) \;:; ::::I': (inflow)
Components and its interactions
— mobile und immobile colloids Ol —d“.—@
— sorption und filtration of colloids ©
— contaminants .
» dissolved L o Tm
* bound to sediment ¢ ot P
 bound to colloids e .
— linear / non-linear sorption, kinetically % v
controlled R’ ¢
— radioactive decay sediment sediment
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CFM Field migration experiments: ldeal tracers

CFM RUN | CFM RUN | CFM RUN
08-02 10-01 10-03

Inflow [mI/mln]

C/M, [1/ml]

Outflow [ml/min] 165 48 10
Injected amount of
8.0E-06 tracers considered for
RUN 08.02 modeling [mg]
7.0E-06 //70,,@ Run 1001 Ideal tracer 15.4 5 9
as‘e . A Run 10.03 (colloids) FEBEX bentonite n.c. 30 210

6.0E-06 - - colloids?
w,
\ S'OO 152, 11.96:10° 45.48-10°
>-0E-06 it 10.10-10°%  45.44.10%
Q 159Th . o
\ 178Hf 12.78:10°% 51.64-103
4.0E-06

232Th 14.87-10° 49.78-103

3.0E-06 Recoveory of the ideal 99 84 90
A A tracer [%
A A
2.0E-06 ya— n .
/ \ M\A T S .
A A
1.0E-06

0.0E+00 T | | T |

o
9
2
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3
Z

300
Time [h]
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Simulation of ideal tracer BTCs

8.0E-06 ! ! | ! I I | !
_ 0602, 1001 and 1009 _
: : : (model curves scaled)
Dimensionality 2D - .
o — At |
Thickness [m] 5'10-3 g 1 ————— 08-02, tracer, experiment
. . — 6.0E-06 R — 08-02: tracer: model B
D|p0|e distance [m] 6.2 = | ——— 10-01, tracer, experiment 5
. © — — — 10-01, tracer, model
Porosity [-] 0.115 S m e e 10-03, colloids, experiment i
. : = i — — — 10-03, colloids, model |
Dispersion length [m] £ 40E06
- longitudinal 03 ¢
- transversal 01 g
: : - )
Diffusion coefficient 2.0-101 =
[m2 5] % 2.0E-06
pd
Permeability [m?] 5.5-101%
Rock density [kg m3] 2670
0.0E+00
Temperature [K] 293.15
Time [h]
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Normalized concentration ¢/m; [1/ml]

0.0E+00

Linear scale

-10-01, K,=0.054 h", k,=0.108 h", k,,=0.03 h'"

Uranine, experiment
~~~~~~~~ @ Colloids, experiment
Uranine, model
Colloids, model

2.0E+05

4.0E+05 6.0E+05
Time [s]

8.0E+05

Modelling approach
— lIrreversible interaction: filtration rate: 0.01 h-1
— Reversible interaction: attachment / detachment rate 0.054 h-1/0.108 h't > R;=1.5
Logarithmic scale
10'5 . | RN | : ] ] [ | - 5.0E-06 .
E 10-01, K,=0.054 h™, k2=0.1ch h’, k, ,=0.03 h" E 4 5E06 -f
T i = 4.0E-06 —
?o 3.5E-06 —
10° o - Ko ]
i - S 3.0E-06
] B © ]
1 i S 2.5E-06
1 § 2.0E-06 —f
B .
107 = = 15E-06
. E ]
] - - Uranine, experiment 2 1.0E-06 —:
-------- — Collc;\ds‘, e};zer‘imem | ]
Collokte, medai i 5.0E-07
0.0E+00
1078 1 LI I 1 LI I‘
10* 10° 10°
Time [s]
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e Desorption rates of homologues from colloids

Normalized concentration c/m; [1/ml]

— tetravalent (Hf, Th): k;, = 0.03 h't

— trivalent (Eu, Tb): k; , = 0.075 h't
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CFM RUN 10-01: Kinetic parameters and recoveries

Ad-/
Desorption

Desorption

. h-1
ksa 0] i, ) (| "]
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E

No usable ideal tracer
available

Application of the same
parameters as in 10-01

Colloid/matrix interaction
rates not changed

Desorption rates of
homologues from colloids
reduced

Tetravalent: 0.0025 h-1
Trivalent; 0.02 h'1

Normalized concentration ¢/m, [1/ml]

1.2E-05

1.0E-05

8.0E-06

6.0E-06

4.0E-06

2.0E-06

0.0E+00

10-03, experiment and model,
model scaled to 90 %, colloid filtration rate 0.01 h™

Colloids, experiment

Eu, experiment

Tb, experiment

Hf, experiment

Th, experiment

Uranine, model

Colloids, model

Homologues (111}, k, ,=0.02 h™", model
Homologues (IV), k, ,=0.0025 h™', model
Homologues (1ll}, k, ,=0.075 h™ (10-01), model
Homologues (IV), k, ,=0.03 h' (10-01), model
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e First CFM hot tracer

. 8.0E-06 | ] | | | ] | | |
experiment ] 08-02, 10-01, 10-03 and 12-02
— Similar inflow conditions |
- OUtﬂOW 25 mI/mln E ] 08-02, tracer
— Radionuclide cocktail e Y — o ool hacer
-E, 12—02: tracer
o
c
S
: .106 4
Na-22 2:10 0.0087 £ 40E06 4
Ba-133  2.52-10° 0.266 S
(@)
Cs-137 9.10° 0.281 §
Np-237 13102 4.99 T o5
Am-243 3.6-102 0.0487 2
Pu-242 2-102 1.37 “m.,
Th-232 8.5.103 2.09 00500 NS | i Rt

e Only ideal tracer data
available so far

Time [h]
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Predictive calculations for CFM RUN 12-02: Ideal tracer

8.0E-06 | | | | | | |
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(model curves scaled)
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Normalized concentration ¢/m, [1/ml]

U R O
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4.0E-06
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3.0E-06
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1.0E-06

5.0E-07

0.0E+00
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——— Aga, experiment
—— Aga, model

s G0ll0OIdS, model

—————— Homologues (Ill), k, ,=0.02 h (10-03), model
——— Homologues (IV), k, ,=0.0025 h'' (10-03), model
— — — Homologues (lll}, k, ,=0.075 h™ (10-01), model
— — - Homologues (IV), k, ,=0.03 h™ (10-01), model
Homologues (Ill), k, ,=0.05 h”', model
Homologues (IV), k, ,=0.014 h”', model
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Recoveries

Run 08-01/02 Run 10-01 Run 10-03 Run 12-02
99 84 90 80

tracer

64
colloid 99 84 53 67 41 45 54
47
93 32 43
70 28 2 28 11 46 24
78 30 46
56 7 6
54 10 0.1 5 2 18 S
u n.a. 14 14

*1 Data Set 1: k;, = 0.075 h' for homologues(lll) und 0.03 h-* for homologues(IV)
*2 Data Set 2: k3, = 0.02 h'! for homologues(lIl) und 0.0025 h- for homologues(1V)
*3 Data Set 3: k3, = 0.051 h™! for homologues(l1l) und 0.014 h- for homologues(1V)
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e Batch sorption experiments
with ternary systems (Huber
et al. 2011)

o Kyiot = Ka1 ! CeorrKys

col

Am 0.02 2 1.0 1600 0.0035

Pu 0.048 0.85 1.0 1600 0.0022

e Field experiments, Kk; ,
— Hom.(lll); 0.02 — 0.075 h1
— Hom.(1V): 0.0025 — 0.03 h-1

Kd,tot

Kd,tot

0.05

0.045

0.04

0.035

0.03

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0
0
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e Field experiments under near-natural conditions successful
— Maintaining stable flow conditions over long time frames possible

— Increased transport times in CFM allow investigation of kinetics

e Simulation calculations
— Flow calculations for all dipole experiments with one data set
« Breakthrough curve of ideal tracer well described

— Filtration of colloids could be described with one rate
(indication for additional reversible retardation)

— Desorption kinetics for homologues / radionuclides from colloids most
relevant
» Desorption rates decrease with increasing transport time

» Desorption rates in migration experiments higher as in batch experiments;
but converge with increasing transport time
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e Evaluation of the hot tracer test
— Time dependence of the desorption rate

— Homologues vs. radionuclides
e Integration of results from different modelling groups

e Further field experiments at other dipoles
— Shorter and longer transport lengths

— Check transferability of results

e Integrated experiment
— Demonstration

— Integration of bentonite erosion and colloid-facilitated transport
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