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Experimental studies on transport behavior of colloids and solutes

through a fractured rock

Yoshio Kuno V, Hirofumi Chinju Y, Gento Kamei V

Shinya Nagasaki 2, Satoru Tanaka 2

ABSTRACT

Groundwater colloids may enhance the transport of radionuclides from the
radioactive waste repository. However, the effect of colloids on radionuclide transport
has still not been sufficiently evaluated in the performance assessment of the geological
disposal system. The authors, therefore, investigated the transport behavior of colloids
and solutes considering the interactions among colloids, solutes and fractured media.
In this study, column and batch experiments were carried out as below.
In order to investigate the transport behavior of colloids, the solution of polystyrene
latex colloids was injected into two types of parallel plate fractures consisting of
acrylic resin and granite rock, respectively. After the column experiments, colloids
deposited on the fracture surfaces were observed by using SEM.
Mixed solution of solutes (Cs) and colloids (bentonite) was injected into a parallel
plate fracture consisting of granite to evaluate the effect of colloids on solute
transport. Additional batch type sorption test was carried out to examine the
interactions among Cs, bentonite, and granite grains.

The authors obtained the following results, respectively.
The degree of latex colloid retardation tended to increase with increasing the ionic
strength of solution, with decreasing the flow velocity within the fracture and with
decreasing the concentration of colloids. The colloids deposited on the fracture
surfaces not only in a dispersed way but also close to each other to form aggregates in
both acrylic and granitic fracture cases. Deposited colloids on the surface may induce
further colloid deposition.

Although bentonite colloids themselves migrated fast without retardation, Cs
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transport with colloids was retarded by the sorption of Cs onto granitic fracture
surface. Colloids did not act as carriers for solutes in this case. It was clarified from
the results of batch type sorption test that Cs sorbed on bentonite colloids was
partially desorbed by adding granite grains. Since the Cs was redistributed among
liquid, colloid (bentonite) and solid (granite) phases, the amount of Cs sorbed on
bentonite colloids was reduced. It is concluded that the transport behavior of solutes
through the fracture is not influenced by the presence of colloids when the solutes
sorbed on the colloids can be desorbed and the amount of sorbed solutes is not

significant.

1) Barrier Performance Research Group, Waste Isolation Research Division, Waste
Management and Fuel Cycle Research Center, Tokai Works
2) University of Tokyo
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Figure 2.1 Experimental set-up of the acrylic column test
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Figure 2.2 Experimental set-up of the acrylic column to observe the
colloids deposited on the fracture surfaces
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Figure 2.3 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as afunction of NaN03 concentration (Colloid conc.: 25mg/L)

Injection concentration (Co) : 25mg/L
Flow velocity : about 6cm/hr
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Figure 2.4 Interaction potentia energy between the latex particle and
the surface of acrylic fracture calculated by Egs. (2.1) and (2.2)
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Figure 2.5 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as afunction of flow velocity

Injection concentration (Co) : 25mg/L

NaN03 concentration : 1E-3M
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Figure 2.6 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as afunction of injection concentration (Co)

NaNO, concentration : 1E-3M
Flow velocity : about 6¢cm/hr
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Figure 2.7 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as afunction of surface roughness of acrylic fracture (Colloid

conc.: 25mg/L)

Injection concentration (Co) : 25mg/L
NaN03 concentration : 1E-3M

(*) The surfaces of acrylic fracture were scratched with emery paper.
(Surface roughness: ave. 2E-6m)

-19-



JNC TY 8400 2001-007

I Nal (1E-4M), 6cm/hr, Smooth
E PS(5mg/L), 1E-3M NaNO4, 6¢cm/hr, Smooth
G PS(5mg/L), 1E-3M NaNO,, 7cm/hr, Rough(*)

1.2

§

L
o0

Concentration ratio (C/Co)
=) o
~ o
T

Qe
2o

Om;ut'lll|l|||ll|1|l|1lx|

0 5 10 15 20 25
Pore volumes

Figure 2.8 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as afunction of surface roughness of acrylic fracture (Colloid
conc.: 5mg/L)

Injection concentration (Co) : 5mg/L

NaN03 concentration ;: 1E-3M

(*) The surfaces of acrylic fracture were scratched with emery paper.
(Surface roughness. ave. 2E-6m)
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Figure 2.9 Column experiments with 309nm polystyrene latex colloids
(PS) for observation of the fracture surfaces

(*) Both smooth and rough surfaces of acrylic boards were used

together. After transport experiments, the acrylic column was taken
apart and the surfaces were observed by the SEM.
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S-1 (Near theinlet)

S-2 (Near the outlet)

Figure 210 SEM images of polystyrene latex colloids on the smooth surface of acrylic
fracture (Effluent volume: about 3 pore volumes)

Injection concentration of latex colloids : 25mg/L

NaNO; concentration : 1E-3M

Flow velocity : 7cm/hr
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R-1 (Near the inlet)

—_— U m

R-2 (Near the outlet)

Figure 2.11 SEM images of polystyrene latex colloids on the rough surface of acrylic
fracture (Effluent volume: about 3 pore volumes)

Injection concentration of latex colloids : 25mg/L

NaNO; concentration : 1E-3M

Flow velocity : 7cm/hr
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S-1 (Near theinlet)

—_— Mm

S-2 (Near the outlet)

Figure 212 SEM images of polystyrene latex colloids on the smooth surface of acrylic
fracture (Effluent volume: about 10 pore volumes)

Injection concentration of latex colloids : 25mg/L

NaNO; concentration : 1E-3M

Flow velocity : 7cm/hr
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—_—um

R-2 (Near the outlet)

Figure 2.13 SEM images of polystyrene latex colloids on the rough surface of acrylic
fracture (Effluent volume: about 10 pore volumes)

Injection concentration of latex colloids : 25mg/L

NaNO; concentration : 1E-3M

Flow velocity : 7cm/hr
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Figure 3.1 Experimental set-up of the granite column test
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Figure 3.2 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as a function of NaNOs concentration

Column length: 30cm

Injection concentration (Co): 25mg/L
Flow velocity: about 7cm/hr
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Figure 3.3 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as a function of flow velocity

Column length: 30cm

Injection concentration (Co): 25mg/L
NaNOs concentration: 1E-4M
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Figure 3.4 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as a function of flow velocity

Column length: 15cm

Injection concentration (Co): 25mg/L
NaNOs concentration: 1E-4M
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Figure 3.5 Breakthrough profiles of 309nm polystyrene latex colloids
(PS) as a function of colloid concentration

Column length: 30cm

Flow velocity: 7cm/hr
NaNOs concentration: OM
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Figure 3.6 Interaction potential energy between the latex particle and
the surface of granite (quartz) facture calculated by Eqs. (2.1) and (2.2)
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Figure 3.7 SEM image of polystyrene latex colloids on the fracture surface (feldspar) after
the column experiment
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Figure 3.8 SEM image of polystyrene latex colloids on the fracture surface (quartz) after the
column experiment
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Figure 3.9 SEM image of polystyrene latex colloids on the fracture surface (mica) after the
column experiment
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Figure 4.1 Experimental procedure of batch type sorption test
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Figure 4.2 Distribution of Csto liquid, colloid and solid phase (The Cs
concentration of each phase is normalized by the solution volume.)

Liquid phase : dissolving Cs in the solution
Colloid phase : sorbed Cs onto the colloids
Solid phase : sorbed Cs onto the crushed rocks

Step 1: 1E-4M Csl soln. with bentonite colloids (100mg/L)

Step 2 : Crushed granite rocks were added in the solution of Step 1.
Step 3 : Crushed granite rocks were removed from the solution of Step 2.
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