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WMEG AND WMGT DOCUMENT REVIEW SHEET*

FILE NUMBER: 413. 2

DOCUMENT: Steindler, M.J., "Nuclear Technology Programs. Quarterly
Progress Report January - March 1984," ANL-84-37, Argonne
National Laboratory

REVIEWER: Charles H. Peterson DATE REVIEW COMPLETED: 4/12/85

DATE APPROVED:

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

Experimental data on the swelling behavior of bentonite are extremely important
in at least the proposed basalt repository for HLW. The effect of elevated
temperature on this behavior and resultant permeability to water must be known
with a high degree of confidence.

Demonstration of adverse effects would impact strongly the current studies on
waste package design.

BRIEF SUMMARY OF DOCUMENT:

Numbered sections below are abstracts from the progress report (QPR). Where
appropriate, comments by the reviewer follow each abstract.

I. Modification of Backfill Materials Under Repository Conditions

A. Permeability at 250C

Laboratory tests of a 25 wt.% Wyoming bentonite/75% crushed, sieved quartz sand

mixture showed permeabilities increased from 0.89E-18 m2 ('-l pD) at a bed

pressure difference of 0.29 MPa (42 psi) to 2.OE-18 m2 at 1.7 MPa (246 psi).
These results were for reversed flow through the bed. The sand was a
105-180 pm fraction and had been compacted to a dry bulk density of 1.59 g/cm
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Comment - The equation for Darcian flow may be expressed as:

1. F = k A (-VP)

where F = volumetric flow rate, m3/s
A = flow area normal to direction of flow, m2

VP = pressure gradient, Pa/m of path length
p = viscosity of flowing mediym, Pa-s

and k = permeability of medium, m .

In the experiments discussed, the column length (bed length) was fixed so the
results could be discussed in terms of pressure difference. We think it
preferable, however, to divide all the pressure differences observed by the
applicable bed length and discuss the results in terms of the Darcian
parameter, VP. Additional information was sought from ANL (Rex Couture) by
phone (Reference 1) to fill in details of the experimental procedure.

The initial condition of the test columns was that they contained dry, manually
compacted sand/bentonite mixtures whose dry bulk density was determined from
the known weight of mixture and the observable compacted volume. Some of the
data, therefore, relates to the initial penetration of such mixtures by water
under pressure. If one assumes plug flow, the inlet end of the bed will .be wet
and the remainder of the bed will be dry. The observed pressure drop is the
sum of the pressure drops across the wet and the dry sections. However,
Couture stated that bentonite expands immediately on contact with water, which
means the permeability of the wetted portion was decreasing during the
experiment. The QPR notes that the flow rate into the column was recorded
continuously. Presumably this means the flow rate was continuous. Water was
supplied, however, by a constant pressure pump, which Couture said was a piston
pump. We think further clarification should be provided as to the
pressure-volume characteristics of this pump. The term "constant pressure"
implies the pump was operated so as to produce a constant inlet pressure, but
the pressure had to be increased as the test proceeded. If the flow rate
varied, then there is a question as to how to apply the Darcy equation. Were
average values used for the pressure differences and fluid flow rates?

Now the pressure drop across the wetted portion of the bed is that due to a
(possibly varying) flow of water through an expanding packing. Since the
packing was constrained at both ends, pore space must have decreased in some
fashion with time. The pressure drop across the dry portion of the bed would
be due to the flow of air displaced from the wetted portion, meanwhile being
subject to compression. Unfortunately, the boundary between wet and dry
portions could not be observed during the tests. One may assume that all the
observed pressure difference was due to that across the wetted portion, which
would then be interpreted as an upper limit. However, using the total bed
length to calculate pressure gradients would lead to lower limits for this
parameter and hence upper limits for calculated permeabilities.
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Couture elected to rewrite equation 1 as:

2. -AP- = AL,T kA

calling the left-hand member the hydraulic impedance (HI). In Fig. I-2 in the
QPR, HI was plotted against total flow to obtain linear plots for the initial
portions of the data. The QPR states the permeabilities for the two test

columns A and B were 8E-18 and 3E-18 m2, respectively. From these values, one
may estimate effective porosities as 0.57 and 0.14, respectively. The sand in
Column B was a 180-840 pm fraction. It is curious that the permeability of the
mixture in A should be almost three times that in B. It is also of interest
that that the porosity in A is indicated to be four times that in B. No
rationale is given in the QPR for these results.

Reversing flow through the columns doubled the permeabilities, which appears to
be attributed to particle movement. Compaction and frit clogging were never
observed. Increasing the flow rate and then reducing it to the initial low
value reduced permeabilities by a factor of four. These conclusions are not
obvious from the material presented. Sample calculations should be provided as
well as original data.

B. Permeability at Elevated Temperatures

Permeability at 200'C was found to be 0.8E-16 m2, about 100 times the value at
250C. Some drop off of flow rate from linearity with pressure difference was
observed at the highest flow rates (pressure differences), which was attributed
to particle movement. Linear relations were also noted at four other
temperatures.

Comment -2Using the data in Figure I-5, we would calculate a k value of
5.4E-17 m for a bed length of 7 cm and a porosity of 1.0, or 0.8E-16 at 0.66
porosity. Again, sample calculations should be supplied.

Another possible cause of decreased permeability at high pressure drops is
formation of fines by mechanical forces. There are, however, more
sophisticated hypotheses in the literature. Rolfe and Aylmore (Reference 2)
note first that several investigators have reported flow velocity in inert
rigid materials is often not proportional to the hydraulic gradient. Second, a
period of 10 to 24 hours may be required for equilibration, i.e., to establish
a constant flow rate after changing an applied pressure difference. Third,
they found permeability increased linearly with pressure difference, with the
rate of increase being strongly dependent on ion concentrations in excess of
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0.1M for CsCl, 033M for LaCl3, and 0.68M for CaCl2. The dependence was weaker
for 1.03M NaCl and 0.5M BaCl2.

Rolfe and Aylmore concluded that overall expansion of the clay matrix, particle
rearrangement, flexing of the clay matrix, and changes in swelling pressures
are unlikely causes of permeability changes. They believe that a part of the
reduction in permeability is due to electrical double layer considerations.
One effect is to retard water transport by an increase in apparent viscosity
when diffuse double layers make up a significant part of the pore volume in
very fine capillaries. The major cause, however, is probably the influence of
cations on the flow properties of water, which may be through reduced mobility
for water molecules associated with strongly absored cations or alteration of
the normal structure of water. Large ions like Cs are structure breaking.
Thus, increasing cesium concentrations from 0.012M to 0.10M increases
permeability of illite by about 50% in the range 2 to 15 MPa flow pressure.
For NaCl, a comparable increase in concentration yielded a negligible increase
in permeability. Figure I-6 yields k values ranging from 1.9E-14 at 510C to

2.8E-14 m2 at 250C. These values show a modest effect of temperature on k,
but are considerably greater than the data in Figures I-2 and I-5. It would
seem the size distribution of the basalt compared to sand had a more important
influence than the temperature. The basalt was a dumbbell blend, showing 18%
in the range 425-850 pm and 39% in the range 46-75 pm. The sand, on the other
hand, had 52% in the range 250-500 pm and only 16% less than 180pm. We would
have expected the basalt/bentonite mix to have lower k values than the
sand/bentonite mix.

This is indesd shown by two segments of the curve plotted in Figure I-9
(log k vs T, C). Arrows shown on the curve indicate data points obtained after
saturation. We can draw no conclusions other than k was shown to be
essentially independent of temperature in the range 51 to 2600C for bentonite
mixtures saturated with water. The initial portion of the curve may be
interpreted as corresponding to the unsteady state period during which k was
increasing due to the phenomena associated with the swelling of bentonite on
contact with water.

Despite publication of several progress reports and papers by ANL, we have not
yet seen any data supporting the claim that bentonite is hydrothermally altered
on exposure to water vapor. Alteration of basalt by vapor was noted but this
conclusion was based on etching and tarnishing of specimens. In view of the
importance of this conclusion, original data on water vapor alteration of
bentonite should be published with a clear, complete description of
experimental procedure.
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B. Clay alteration

The QPR considers the possibility that an ion-exchange reaction is responsible
for the change in clay expandability, but discounts this hypothesis because no
sufficient source of cations is present.

Comment - This conclusion indirectly supports the Rolfe/Aylmore hypothesis that
permeability reduction is due to a structural change in water.

II. Trace Element Transport in Lithic Material by Fluid Flow

A. Chemical Mobility during Hydrothermal Alteration of Volcanic Rock.

There is now compelling evidence of significant mobility of many elements
(including H, C, Fe, Sr, Cs, Ba and U) in the shallow portion of a
high-temperature geothermal system. The rock is mainly a rhyolite vitrophyre
flow breccia in the Biscuit Basin Flow in Yellowstone drill holes. Rhyolite is
a mixture of roughly equal amounts of quartz, K-feldspar, and Na-feldspar.
Vitrophyre is a volcanic rock consisting of glass with some crystals of
feldspars, pyroxenes, Fe-Ti oxides, quartz, zircon, and apatite. The rock
exists as vitrophyre fragments larger than 1 cm in a matrix of crushed
vitrophyre. Thermal water flows mainly through the matrix.

The underlying assumption is that the composition of the vitrophyre does not
vary with depth and is the same at a given level for both fragments and matrix.
Thus, any deviations in elemental composition might be attributed to mobility
due to hydrothermal alteration. The assumption was checked by comparisons of
concentrations of rare earth elements, Zr, Ta, and Th.

Among the twenty elements identified thus far as mobile are Rb, Sr, Cs, Ba and
U. Most of the vitrophyre fragments were unaltered whereas the matrix was
moderately to completely altered. The samples were taken from drill cores and
represented the depth range of 174 to 239 feet. In this interval, the
compositional ranges shown in Table A were found (ppm).



APR 26 XM

413.2/CHP/4/16/85
-6 -

Table A

Comparisons of Selected Elemental Compositions in Drill Core Materials

Matrix .

Ba

Cs

840-1190

3-6a

100-160

120-180

Hydrated
Glass

490-890

5 -6 b

30-50

150-200

5-7

62-75

Sr

Vitrophyre

520-1520

3- 7C

60-180

110-190

5-13

68-71

Rb

U 6-35

La 63-85

aOne sample showed 185 ppm Cs
bTwo samples showed 336 and 56 ppm Cs
CThree samples showed 223, 228, 250 ppm Cs

Comment - We agree that the data on rare earths support the conclusion that
their concentrations appear relatively constant, as illustrated by lanthanum in
Table A. However, we do not believe the ranges of compositions shown in Table
A support the conclusion that the elements listed are mobile, except perhaps
for strontium. ANL should clarify the basis for their conclusion.
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III. Reaction of Glass with Water

A. NNWSI Test 1 (TI) Development

ANL is developing a test procedure to provide licensing information for the
NNWSI Test Site repository location for:

1. Radionuclide and matrix element release rates

2. Rate of alteration of the waste form

3. Waste form/canister interactions.

4. Radionuclide/host rock interactions.

Two prototype reaction vessels have been built and initial tests run.
Preliminary results include the following observations.

o A reaction between 304L and 303SS components put large amounts of Cr,
Fe, Ni and Mn into solution, but release rates from glass were
believed to be unaffected. The 303SS also released sulfur.

o Tuff is a sorbent for U.

o In two tests, there appeared to be either thin film, aerosol, or
vapor transport of cations from the waste package to the tuff and the
vessel walls.

o The SS corrosion observed was not uniform between samples, so results
for Cr, Fe, Mn and Ni are difficult to compare.

o Equilibration of saturated tuff with leachate should occur in about
six weeks.

B. Parametric Testing

The glass waste form to be studied is a right circular cylinder "1.6 cm D x
2cm H. The ends will be cut flat with a diamond saw. The lateral surface will
be as cast, smooth and somewhat stressed to simulate a fracture that would
occur in a poured glass canister. Procedures are being tested to determine
whether homogeneous specimens can be prepared.
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PROBLEMS DEFICIENCIES OR LIMITATIONS OF REPORT:

Important conclusions are drawn for which inadequate data are presented. This
is typical, however, of individual progress reports and usually is cleared up
in final reports. Our current concern is that we can find no Argonne data
supporting their conclusion that water vapor can hydrothermally alter
bentonite.

ACTION TAKEN:

Obtained additional reports and papers on ANL work on bentonite stability.

ACTION RECOMMENDED:

Review very thoroughly the final report on bentonite stability.
work by others in this field should be made.

A survey of
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*If an item is not applicable to a particular review, write N/A next to the
item.


