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WATER PERCOLATION EFFECTS ON CLAY-POOR BENTONITE/QUARTZ
BUFFER MATERIAL AT HIGH HYDRAULIC GRADIENTS

By Roland Pusch

INTRODUCTION, SCOPE OF STUDY

In a previous study, reported in KBS 79-01, the eroding
power of ground water entering a bentonite/quartz
buffer mass was investigated. Such erosion may be
produced at or immediately after the sealing of a
repository of the KBS 1 concept type and similar rock
plants. The hydraulic gradient may be high at those
stages which could produce local redistribution of
tiny clay particles or creating "piping" in the mass.
Both effects should lead to undesired permeable
passages which could deteriorate the barrier effects
of the buffer mass. In this earlier study a buffer
mass consisting of 20% (by weight) Na bentonite (MX-~-80
bentonite powder) and 80% silt/sand quartz material
was investigated and it was found that piping with
associated rapid water flow may take place. Very high
hydraulic gradients were required to yield these
effects, however, and the self-sealing ability was

found to be very good.

The present study, which was performed in the same

way as the previous one, concerned two buffer materials
poor in clay. This was expected to make the buffer
masses more sensitive to ground water erosion which
called for repeated tests. The results from the study
are presented in this report, reference being given

in various respects to the earlier KBS 79-01 report.
DEFINITION OF PROBLEM
The main problem is the same as in the earlier KBS

79-01 study: Erosion by flowing water takes place

when the flow rate approaches a critical value. Such



a condition may be reached when ground water from rock
joints flows into the buffer mass. The process should
be governed, in principle, by Darcy's law if the mass

is completely or at least largely water saturated.

A critical state may also be reached when the fill

has just been, or is being applied or compacted in a
tunnel, shaft or any larger space. Thus, if the water
pressure is built up rapidly in joints close to the
rock/buffer mass interface, water may enter the buffer

mass rapidly and cause local piping and washing effects.

Both cases can be considered by applying fairly high
gradients as in the KBS 79-01 study.

EXPERIMENTAL INVESTIGATION

A test series was made in the laboratory to investi-
gate the clay-transporting power of percolating water.

Two buffer mass compositions were studied:

I) 4% (by weight) Na bentonite + 96% quartz
particles; initial water content about
0.5-1.0%

II) 8% (by weight) Na bentonite + 92% quartz

particles; initial water content about 1%.

Materials

MX-80 bentonite powder was used for the preparation
of the "buffer substance" while its quartz component
was obtained by mixing grains belonging to the silt
and sand fractions according to VBB:s suggested grain
size distribution curve (FAGERSTROM & LUNDAHL, KBS
Technical Report no. 37 page 37). Figs. 1 and 2

illustrate the obtained grain size distributions.
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Fig. 1. Grain size distribution of "buffer substance"

with 4% Na bentonite (clay fraction) and

quartz material (Twin test)
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Fig. 2. Grain size distribution of "buffer substance
with 8% Na bentonite (clay fraction) and

quartz material (Twin test).

The water used in the tests was the "Allard solution".



Test performance

The material was applied in columns consisting of
steel cylinder sections (cf. Fig. 3 and detailed
description in KBS 79-01). After having filled all

the six sections of the two columns these were connec-
ted with a tube to which a vessel with "Allard solu-
tion" was attached. The water was put under pressure
by compressed air, by which the desired hydraulic

gradient could be obtained.

The application of the soil was made in thin layers
which were compacted. After the completion of filling
of each section, an additional one was attached and
filled etc until the 0.3 m long pipe was completely
filled.

After the application of the hydraulic gradient in

the percolation phase, the percolated water from the
columns was collected in flasks from which practically
no water could evaporate. The amount of collected
water was determined by weighing the flasks regularly,
by which the permeability could be estimated. After
the tests, the sections were disconnected and a large
number of water content and clay content determina-
tions were made to investigate how uniform the per-
colation had been and to find out whether there had

been any clay particle redistribution.

As in the earlier study, it should be pointed out
that the test conditions represent the very conserva-
tive case of an unlimited access of water from rock
joints. In practice, the inflow of such water into
the fill is governed by the flow capacity of the
joints which can be very limited if ordinary rock

sealing (injection) is made.

In the earlier study with 20% Na bentonite, the initial

water content was about 20% while it was very much
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less in the present investigation. This may have re-
quired a longer time for reaching an equilibrium
state of water saturation and also for obtaining a

high degree of water saturation in the present study.

Test with 4% Na bentonite

The bulk density of the compacted mass was found to
be 1.80 t/m®>. 100 kPa water pressure was applied
instantly as was specified by the original test pro-
gram. Strong water percolation, probably associated
with temporary piping, took place and since the test
device did not have the required water flow capacity,
the water pressure was reduced to 50 kPa (i =~ 15) for
some hours. During that period the permeability
dropped from about 8-107/ m/s to about 4-107 7

The water head was then increased to 100 kPa, i.e.

m/s.

i ~ 30, by which the permeability increased instantly
to 1.2'10—6 m/s and then dropped to and stabilized at
about 9:1077
150 kPa (i =~ 50), 200 kPa (i ~ 70), 250 kPa (i ~ 85),

and 300 kPa (i =~ 100) gave a linearly increased per-
6

m/s. Successive pressure increments to

meability, the maximmvalue being about 7:10 ° m/s
immediately after the application of the 300 kPa
pressure. This pressure was then kept constant for
about one week at the end of which the permeability
stabilized at 3-107°

duced to 150 kPa which yielded a constant permeability

m/s. The pressure was then re-

of 10_6 m/s after about one week. A subsequent pressure
reduction to 75 kPa gave a further, instant permea-
bility drop to 5°1077 m/s.

The water content after the test is given by the
"I"-column in Fig. 4. It is obvious that the water
distribution is homogeneous throughout the column.
18-19% water content corresponds to 97-99% degree

of water saturation, which is remarkably high. Fig. 5
shows that the clay content, determined by performing

15 sedimentation analyses, was not changed during the
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percolation.

Test with 8% Na bentonite

The bulk density of the compacted mass was found to
be 1.80 t/m?.

Since the same pressure device was used for the 4% Na
bentonite as well as for the 8% Na bentonite, both
tests being run parallell, the same program was applied

for both materials.

The instantly applied 100 kPa water pressure did not
yield any water percolation through the bentonite-
richer mass. Nor did the subsequent 50 kPa water
pressure. When the pressure was raised again to 100 kPa
(i ~ 30), water started entering the flask for collec-
tion of water, the estimated permeability after sta-

7 m/s. Successive

bilization being of the order of 10~
pressure increments to 150'kPa (i ~ 50), 200 kPa

(i ~ 70), 250 kPa (i ~ 85), and 300 kPa (i ~ 100) gave
an approximately linear increase of the permeability.
The maximum value, 3-10"7 m/s appeared immediately
after the application of the 300 kPa pressure. At the
end of the one week period during which this pressure
was kept constant, the permeability stabilized at
about 1.5+1077
to 150 kPa yielded a constant permeability of about
4-1078
reduction to 75 kPa reduced the permeability to about
1.5-1078 m/s.

m/s. The subsequent pressure reduction

m/s after about a week. A further pressure

The water content after the test, given by the "II"-
column in Fig. 4 was found to be of the same order of
magnitude as in the previous test, which it should in
fact be since the bulk densities were identical and
the degree of water saturation was very high in the
4% Na bentonite test. However, the water content was

somewhat lower in the bottom part of the 8% Na bentonite
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column which indicates, firstly, that more air is
enclosed in the pores in this part. Secondly, it
means that the successive changes in permeability
are not entirely produced by pressure changes but

also by the continuation of the saturation processes.

As in the 4% Na bentonite test, the 8% Na bentonite
test showed no clay particle redistribution (Fig. 5).
15 sedimentation analyses were performed in this test

also.
CONCLUSIONS
The main conclusions are:

1. The average permeability at high hydraulic
gradients (i ~ 100) is high for the 4% Na
bentonite and the 8% Na bentonite buffer
masses (3-107° m/s and 1.5°1077
pared with the previously studied 20% Na

bentonite buffer mass (<10_9 m/s) .

m/s) com=-

2. Local piping is easily produced when the
clay content is low. During real conditions,
e.g. when the development of higher gradients
will be slower and where the flow will be
restricted due to the limited capacity of
existing rock joints, this will probably not
cause difficulties. The observed piping did
not produce any observable clay-particle re-
distribution and no permanent, highly per-

meable passages were formed.

3. The test results indicate that the permea-
bility is pressure-sensitive and, thus, that
Darcy's law is not valid. The successive
water uptake leading to an increased but not
complete degree of saturation, and associated

mechanisms (capillarity effects, air bubble
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