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sand layer

Figure 3-3. Cartoon of how a sand region could develop in the fracture around a deposition hole and that
it may be breached and sediment away in the lower parts of the fracture.



Expanding stacks, basis for our
dynamic model for gel expansion
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Swelling of parallel sheets




Force balance leads to rate of
expansion of paste described by
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Swelling of Na exchanged bentonite in 0.5 mM CaCl,
Validation- Experiments (NMR) and prediction
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Figure 6.23. Sodium exchanged bentonite in 0.5 mM CacCl,.
Logarithmic scale



Co-volume notion- Rotation
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Used to determine viscosity of sol by fitting to experiments

e === 1+ 1.022¢cop + 1.358(¢cov)?



Erosion by sol loss to water

Surface: Concentration, ¢ Arrows Yelocity field Mz 4.

Thin rim zone with flowing sol




Dynamic model: Summary of processes
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Erosion front, rim, expands w. time.
Standard finite element/volume/difference
methods cannot follow this well
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Two ways of solving the equations

* Simultaneous solution of all coupled egs.
— Expansion of paste at rim
— Formation and flow of sol
— Diffusion and ion exchange of the different ions

* Two region different techniques to solve
— The expanding gel up to the rim (sharp front)
— The loss at the rim

— Solve the two egs. coupled



Rim region model, loss N .

Nyim = PsOfr2+) Doxuo XNy

DL _ (®_¢2)c 4
Nrim Yo Nr(P(2)) dZ ~~~~~~~~~

at x

“7--.._ From solution of

If n, =1and D = Dy = constant

Nyim = PsOrrPr \/iﬁ \/DR X U

Rim zone model



Expansion of rim, Loss at rim
accounted for
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Expansion of the rim-border for c=0.1 mM and u =10 m/s, initial $i=0.574,
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(2012).



Schatz et al. (2012) experiments
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(2012).



Just expansion no flow, DI water
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Predicted erosion with 2-region model
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Obviously this is not a good
prediction

Model is wrong or model does not
account for some mechanism(s)



Agglomeration to flocs, Low ionic strength water

e
o

Schatz et al. (2012), Buffer Erosion in Dilute Groundwater. Posiva Report 2012-44.




Expanded gel & flow pattern

Schatz et al. (2012), Buffer Erosion in Dilute Groundwater. Posiva Report 2012-44.



Dynamic model Dynamic model with floc formation
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Rim zone model Il

Nyim = PsOfr2+) Doxuo XNy

rim
DL _ (% @¢(z)
Nrim = o Nr(P(2))

If n, =1and D = Dy = constant

Nyim = Ps‘sfrd)R \/Z_E \/DR X Up



Changes and simplifications of model

* Floc slurry viscosity = as water
* Volume fraction at rim ¢, indep. of ion conc.
* Loss rate expression simplifies to

Nrim = PsOrrPr 2\/DRrRuo

But ¢, now is an adjustable parameter,
D, —diffusivity at rim- is still from Diffusivity
function and it depends on c,,,



Simulated erosion with Simple 2-
region model ¢,=0.015
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Also ri, Extruded, Residual,
Retained and Eroded masses
agree quite well
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Flocs fall through fine filter, 10 um




Schatz et al. (2012) erosion
experiments

50/50 calcium/sodium montmorillonite in Di

Gravity pulling off flocs
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Formation of flocs

Schatz, T., Kanerva, N., Martikainen, J., Sane, P., Olin, I\/I_.‘;‘Seppélé, A and Koskinen, K.,~
2012, Buffer Erosion in Dilute Groundwater. Posiva Report 2012-44 (2012).



Model w. small spheres

Sedimentation rate of spheres, Stokes law
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Maximum loss as spheres

Largest sphere diam, = aperture

Note cubic dependence on
aperture

Nsmec = [T (Qsph QW)9¢QsmecWAF

108uy

fr is fraction of maximum # of spheres per volume



Model with Coins- Friction against walls

Sedimentation rate of “coin” or viscous
agglomerate fluid AF, -> Cubic law

Nemecmax,coin = (Qsph QW)g¢Qsmec Wyr

12“agg

“Coin” filling whole width of source W ,;

Hagg = 10 * uw



Widest extent of AF at steady state, Wyr
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Sedimentation velocity of large coin-like agglomerates with 1%
by volume smectite in a vertical slit vs. slit aperture.

Velocity m/day

10

0.1
1072

1073

1072 0.05 010 020  0.50

Slit aperture mm



Stabilisation of width of expansion

Loss kglyr
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Some queries |

Where does the bentonite end up?

Example 100 kg bentonite loss

Agglomerate volume fraction of bentonite= 0.01
Rock porosity of fractures 104

Fills 38 000 m3 rock
A cube with 34 m sides

Could this be used as an argument against large loss~



Some queries I

 Where does the detritus end up?

e What does the detritus do to the loss of
smectite?



Some references on erosion modelling and background reports

SKB reports can be freely downloaded from www.SKB.se
Posiva reports can be freely downloaded from www.Posiva.fi
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