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Summary

Column and batch experiments were conducted in fiscal year 1998 at Pacific Northwest National
Laboratory' to evaluate the effect of varying concentrations of NaOH on the sorptive, physical, and
hydraulic properties of two media: a quartz sand and a composite subsurface sediment from the 200-East
Area of the Hanford Site. The NaOH solutions were used as a simplified effluent from a low-activity
glass waste form. These experiments were conducted over a limited (0- to 10-month) contact time, with
respect to the 10,000- to 100,000-year scenarios described in the Inmobilized Low-Activity Waste-
Performance Assessment ILAW-PA).

When these two solids were put in contact with the NaOH solutions, dissolution was evident by a
substantial increase in dissolved Si concentrations in the leachates. Incremental increases in NaOH con-
centrations, resulted in corresponding increases in Si concentrations. A number of physical and hydraulic
properties also changed as the NaOH concentrations were changed.

It was observed that quartz sand was less reactive than the composite sediment. Further, moisture-
retention measurements were made on the quartz sand and composite sediment, which showed that the
NaOH-treated solids retained more water than the non-NaOH-treated solids. Because the other chemical,
physical, and hydraulic measurements did not change dramatically after the high-NaOH treatments, the -
greater moisture retention of the high-NaOH treatments was attributed to a “salt effect” and not to the
formation of small particles during the dissolution (weathering):

The distribution coefficients (K4s) for Cs and Sr were measured on the NaOH-treated sediments, with
decreases from ~3,000 to 1,000 and 1,300 to 300 mL/g noted, respectively, at the 0.01- to 1.0-M NaOH
levels. There was no apparent trend for the Sr K, values with contact time. The lack of such a trend sug-
gests that dissolution of sediment particles is not controlling the drop in Kg; rather, it is the competition of
the added Na in the various treatment solutions.

It is clear from these experiments that the background chemistry of the waste-glass leachate is likely

~ to have a significant effect on the hydrology and radionuclide geochemistry in the near-field environment
of the ILAW.” These experiments provided an important first approximation of several chemical and
physical processes. Future research, together with the data presented in this report, will provide important
guidance for the selection of near-field hydraulic and geochemical input data for the ILAW-PA.

! Pacific Northwest National Laboratory is operated by Battelle for the U.S. Depértmeht of Energy.
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1.0 Introduction

The leachate from the glass waste forms and the cement encasement that may be used at the
Immobilized Low-Activity Waste-Disposal Complex (ILAW-DC) will have very high pH and ionic
strength (Mann et al. 1998). High-ionic-strength and pH effluent may alter the sorptive tendencies of the
sediment hydrology, physics, mineralogy, and radionuclides. For example, it is known that such solutions
may dissolve silicate or aluminosilicate minerals (Dress et al. 1989), and the presence of such high-salt
concentrations may increase competition for sorption sites on mineral surfaces (Sposito 1989, Kaplan
et al. 1998a) and increase the moisture retention of sediments (Hillel 1980). One concern for the [ILAW-
Performance Assessment (-PA) is that the sorptive and hydraulic properties of the near-field materials
will change once the plume emanating from the waste form enters this region. Among the near-field
materials that the plume may come into contact with are a backfill material and a capillary-break barrier
material. Should dissolution of these materials occur, the distribution coefficients (Kgs) for radionuclides,
particle-size distribution, porosity, bulk density, moisture retention, and hydraulic conductivity would be
expected to change. This lack of knowledge could adversely affect the ILAW-PA by increasing uncer-
tainty and requiring unrealistically conservative estimates as input parameters.

There have not been any long-term studies conducted to evaluate the effect of high-ionic-strength and
high-pH conditions on Hanford Site sediment physical, hydrologic, and sorptive properties. Previous
experiments looked primarily at the rather short-term (30-day) effects of high salt and high pH on radio-
nuclide sorption. Those experiments were not designed to evaluate such important effects as dissolution
of the sediment in the presence of such solutions.

1.1 Objectives

The objectives of this study were to evaluate the effects of high pH and high ionic strength on the
hydraulic, physical, and sorptive properties of a quartz sand and a Hanford Site sediment collected from
the subsurface of the 200-East Area. Attention was directed at trying to separate “salt effects” from
“dissolution effects™ through the measurement of a number of bulk sediment properties.

1.2 Scope

The scope of this study was to conduct a series of batch and column experiments to evaluate the
effects of simulated glass leachates on Cs, Sr, and U K4 values and sediment physical and hydrologic
properties. A partial factorial experimental design was conducted with the following variables: type of
experiment (batch or column), NaOH concentration (0, 0.01, 0.1, and 1.0 M), contact time (0, 1, 2, and
10 months), and 3 replications. The 0-M NaOH is equivalent to deionized water. A number of physical,
hydrologic, and geochemical parameters were measured, including moisture-retention curve data, particle-
size distribution, hydraulic conductivity, porosity, bulk density, and aqueous cation concentration. NaOH




was selected as the surrogate for glass leachate because it consists of the two dominant jons expected to
exist in the actual glass leachate (Mann et al. 1998).

The Hanford Site composite sediment selected for these studies is representative of material that may
be used in the near field of the ILAW-DC as backfill material. The coarse-textured sand was selected for
these experiments to provide information relevant to the capillary-break material that may be used in the
engineered barrier around the immobilized glass waste. Preliminary modeling of the near field indicated
that diffusion may cause some of the glass leachate to migrate upward toward the capillary-break barrier
(Mann et al. 1998). It was expected that the sand would provide a worst-case scenario because it has a
finer texture and, therefore, a greater surface-to-volume ratio for reactivity to the aqueous phase than the
actual material being considered for the barrier.

These experiments, conducted at the Pacific Northwest National Laboratory will be continued into
fiscal year 1999. This additional research will apply more direct measurements using an x-ray tomog-
raphy unit, and will be conducted using more complex, simulated glass leachates than were used in the
studies presented here. Particular attention will be directed at quantifying the reaction rates of mineral -
dissolution and defining the solid-phase composition of a Hanford Site backfill sediment after extended
exposure to the synthetic glass leachate. The intent of this and future research is to provide guidance for

the selection of near-field hydraulic and geochemical input data for the ILAW-PA.

1.3 Background

As part of the ILAW-PA, the effects of ionic strength and pH on U(VI) sorption were evaluated
through a series of batch-type laboratory experiments (Kaplan et al. 1996, 1998b). U(VI) K, and solu-
bility values did not change as the ionic strength was increased with NaClO, to 0.014 M. U(VI) K, values
essentially doubled from 1.07 to 2.22 mL/g as the pH of the system increased from 8.3 to 9.3. Above pH
10.3, precipitation of U(VI)-containing solids occurred, resulting in apparent K4 values of >400 mL/g.
Precipitation did not occur in tubes with pH-adjusted solution only. Sediment had to be present to effect’

U(VI) precipitation. This suggests that heterogeneous precipitation occurred (i.e., foreign “seed crystals”
[the sediment] were necessary). Thus, in carbonate systems with a pH greater than ~10.5, U(VI) mobility
may be much less than in near-neutral pH systems. These results have significant ramifications for the
ILAW-PA, in that in areas where high-pH levels are expected (e.g., near the glass waste), quite high K4
values for U(VI) can be justified.

K4 values of Se and Tc have also been observed to increase as ionic strength increases (Kaplan et al.
1998c). In the case of Se, the Ky values increase from 3.31 £ 0.57 to 4.11 + 0.06 mL/g as the solution
ionic strength increases from ~50 to 500 mM. Over the same increase in ionic strength, Tc K values
increased from 0.16 £ 0.04 to 3.94 + 0.99 mL/g. The cause for this increase in Ky values is likely that the
higher ionic strength caused the double layer around the particles to decrease, thereby permitting greater
TcOy4 and I' interaction with the mineral surfaces. The closer contact of the TcO, with the mineral
surface enhanced contact between the anion and the positively charged sorption sites. Hanford Site sedi-
ments have few positively charged sorption sites at the alkaline pH that these studies were conducted (pH




~8). However, these few sites may play an important role, especially at the extremely low Se and Tc
concentrations (in the nanomole range) used in these experiments and expected in portions of the
ILAW-DC.

Pore-water pH also had a significant effect on the sorption of Tc (added as TcOy’), Se (added as
Se0,>), and I (added as I') (Kaplan et al. 1998c¢). As the pH increased from 8:1 (natural Hanford Site
background) to 11.9, I K4 values decreased from 0.22 + 0.01 to 0.01 + 0.01 mL/g and Se K values
decreased from 5.78 + 0.28 to 0.04 + 0.00 mL/g. This pH K4 trend is consistent with the general rule that
anion sorption decreases as the pH increases because increases in pH tend to increase the negative surface
charge of minerals. This trend was not observed for Tc K4 values. Instead, as the pH increased from 8.1
to 11.9, the Tc K, values increased from -0.02 + 0.01 to 1.07 £ 0.03 mL/g. The cause for this unexpected
but very consistent trend is not known. One possible explanation is that the modest increase in ionic
strength that concomitantly increased with pH increases may have been responsible for the enhanced
removal of TcO, from the aqueous phase. Precipitation is an unlikely removal mechanism; neither
thermodynamic solubility calculations nor aqueous-phase filtration of pH 11.9 TcO, solutions suggested
the formation of precipitated Tc phases.

As mentioned, the waste-glass leachate may also have a significant effect on the sediment’s physical
state and hydrology. These effects can be broadly categorized as “dissolution effects” and “salt effects.”
The dissolution effects are rather obvious (i.e., as the individual particles dissolved, the porosity
increased, bulk density decreased, and hydraulic conductivity increased). If the dissolved constituents
reprecipitate, these trends may;, in fact, reverse. The reprecipitated particles would tend to be small and
may plug the porous media. The “salt effect” impacts the physical properties of the water (i.e., colligative
properties [e.g., freezing point, boiling point, vapor pressure], density, osmotic potential, dielectric
constant, and surface tension).

The propensity of a sediment to hold onto soil moisture under unsaturated conditions is largely con-
trolled by its matrix potential (Hillel 1980). Pneumatic potential may also be important, but this effect is
negligible in laboratory studies where the atmospheric pressure remains nearly constant, small barometric
pressure fluctuations notwithstanding. Matrix potential is related to two processes, water adsorption to
the sediment surface and capillary forces. The adsorption of water onto mineral surfaces is influenced by
the electric double layer and the exchangeable cations present. Water adsorption is an exothermic proc-
ess, resulting in the liberation of an amount of heat known as the heat of wetting. Anderson (1926, as
cited in Hillel 1980) found a linear relationship between heat of wetting and cation-exchange capacity.
Presumably, this relationship is the result of adsorbed cations having water molecules associated with
them (water of hydration). Therefore, as more hydrated cations adsorb to a sediment’s surfaces, the more
water molecules will be associated with the mineral surfaces. Janert (1934, as cited in Hillel 1980)
reported a relationship between the heat of wetting and the nature of the cation on the exchange site.
Generally, the greater the charge density of the ion (i.e., the ratio of charge to surface area of the ion), the
more heavily hydrated the ion will be. Another general rule is that anions exhibit less hydration than
cations. This is because it is energetically easier for water molecules to orient themselves with the
protons outward and the negative end inward toward the positively charged cation at the center of the
hydrated cluster. A typical Coulombic (electrostatic) hydration envelope around a cation consists of an
inner sphere of strongly bound molecules surrounded by an outer shell of less strongly bound water
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molecules. A surface hydrated with monovalent cation at 10°C may have adsorbed water molecules that
reach out 1 to.6 nm into the bulk water, which is ~3 to 18 water molecules thick.

In addition to water adsorption, capillary forces influence matrix potential. Capillary forces increase
with decreased pore size (or decreased particle size) and increased surface tension.

he = (2y cosa)/g(p: - per o 1.

where h, is the capillary height above free water; v is the surface tension between the liquid and the air;
.o is the contact angle between the water and the solid phase; g is the acceleration of gravity; p; and p, are
the density of the liquid and the gas, respectively; and r is the capillary radius. The presence of dissolved
electrolytes decreases the potential energy of water that, in turn, increases the surface tension of water.
Surface tension is a phenomenon occurring typically at the interface of a liquid and a gas. If the affinity

~ of the solute molecules (ions) to water molecules is greater than the affinity of the water molecules to one
4 another, then the solute tends to be drawn into the solution that causes an increase in the surface tension.
Electrolytes tend to have a greater affinity for water molecules than water molecules have to each other.
The important point to note from this discussion is that salts can increase surface tension, and from
Equation (1), it becomes apparent that surface tension affects capillary forces (i.e., the greater the surface
tension, the greater the capillary forces).

-~

- In heterogeneous, unsorted, natural sediments, water adsorption and capillary forces are significant.
In sandy soils, water adsorption is relatively unimportant and the capillary effect predominates. The
opposite is true in sediments containing more fine-grained particles (i.e., the capillary effect is relatively
unimportant and adsorption is more important).

Moisture-retention curves provide information about the amount of moisture retained by an unsatu-
rated soil at given water potential. The data are generated, in part, by placing a soil core on a pressure
plate that permits varying degrees of negative pressure (i.e., suction to be applied). In a saturated sedi-
ment at equilibrium with free water at the same elevation, the pressure exerted on the water is equal to
atmospheric pressure, thus hydrostatic pressure equals atmospheric pressure and water potential is equal
to zero bar. If a slight negative water potential is applied (i.e., a water pressure slightly subatmospheric),
no water will flow out until a critical suction is exceeded. This critical value is referred to as the air-entry
potential. As suction is increased, water is drawn out of the soil and more of the relatively large pores,
which cannot retain water against the applied suction, will empty. By assuming that the contact angle is
zero and that soil pores are cylindrical, a simple relationship exists between the minimum radius. of a pore
(r) that will drain at a given applied negative potential (-P, or suction): '

-P=2y/r ¥}

where v is the aqueous-phase surface tension (pure water = 71.9 g/s* at 25°C). Equation (2) shows that as

the applied suction is increased for a given solution, smaller pores will be drained. Increasing suction is, i
therefore, associated with decreasing soil wetness. Perhaps more germane to this discussion is that

Equation (2) shows that, as the surface tension increases, more negative pressure is required to drain a

given pore size. As mentioned above, increased salt concentrations can induce greater surface tension.
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The amount of water retained at relatively low values of suction (between 0 and 1 bar) depends pri-
marily on the capillary effect and the pore-size distribution and is, therefore, strongly affected by the
structure of the sediment. Water retention at higher suction ranges is due increasingly to water adsorption
and is, therefore, influenced less by the structure and more by the texture and specific surface of the soil
material. According to Gardner (1968), the water content at a suction of 15 bars is fairly well correlated
with the surface area of a sediment and would represent ~10 molecular layers of water if it were distrib-
uted uniformly over the particles’ surfaces.

Moisture-retention characteristics of a sediment or sand may provide indirect information regarding
the effects of NaOH on the solid phase. First, if there were changes in the particle-size distribution as a
result of either dissolution or precipitation, moisture-retention data would be affected. Increases in the
concentration of smaller particles, resulting from precipitation, would tend to increase capillary forces and
water adsorption. Second, the presence of higher NaOH concentrations in the sediment’s pore water
would tend to increase the water tension that, in turn, would increase the capillary forces (see Equa-
tion [1]) that, finally, would cause the sediment to hold onto more water at a given applied suction.

Another potentially important effect of a high-ionic-strength solution, such as the waste-glass leach-
ate, is that it can directly affect hydraulic conductivity. Hydraulic conductivity depends on the attributes
of the soil and the fluid. The soil characteristics affecting hydraulic conductivity are total porosity, pore-
size distribution, and tortuosity. Together, these characteristics describe the pore geometry. The fluid
attributes affecting conductivity are fluid density and viscosity. It is possible in theory, and sometimes in
practice, to separate hydraulic conductivity (K, L/t) into two factors: intrinsic permeability of the soil (%,
L?) and fluidity (f) of the liquid or gas (1/[L-t]):

K=k ©))

Fluidity is inversely proportional to viscosity:
f=pgn | @

where p is fluid density (m/L?), g is gravitational acceleration (L/tz) and 7 is viscosity (m/L-t). Hence,
intrinsic permeability can be defined as:

k=Kn/pg. (5)

Based on Equations (4) and (5), it should be obvious that, while fluidity varies with composition of
the fluid (and with temperature), the permeability is ideally an exclusive property of the porous medium
and its pore geometry alone. A very important assumption in Equation (3) is that the fluid and the solid
matrix do not interact in such a way as to change the properties of each other. In a completely stable
porous medium, the same permeability will be obtained with different mobile phases (e.g., with water, air,
oil). As described above, the waste-glass leachate is expected to have significant interactions with the
sediment, thereby compromising the use of Equation (3) for this application. However, it is presented
here to provide a first approximation of how density and viscosity can alter hydraulic conduct1v1ty under
ideal conditions.



As will be described, the waste-glass leachate is likely to be dominated by the Na” and OH ions and
is expected to have a higher salt concentration near the glass and a lower salt concentration away from the
glass. Table 1 presents selected physical properties of aqueous solutions as a function of NaOH concen-
tration. These data provide a first approximation of the physical properties of the glass leachate and note
the ideal changes in the aqueous phase with respect to fluidity and, more directly, hydraulic conductivity.
As the NaOH concentration increases, the density and viscosity increase. But as Equation (5) shows,
these two properties have opposing effects on fluidity. Increases in density increase fluidity, whereas
increases in viscosity decrease fluidity. The kinematic viscosity is a ratio of the viscosity to the density of
the fluid. It expresses the shearing-rate resistance of a fluid mass independently of its density. Table 1
shows that the kinematic viscosity increases with NaOH concentration, indicating that fluidity of these
solutions decreases (see Equation [4]) and hydraulic conductivity increases (see Equation [3]) with
increases in NaOH concentration. Among the important conclusions is that as the ionic strength of the
solution increases, the viscosity increases at a faster rate than density. Thus, as indicated by Equations (3)
and (4), the hydraulic conductivity would be expected to decrease as the ionic strength decreases. Again,
this assumes no liquid-matrix interactions.

v Table 1 also shows the relative viscosity, the total concentration of water in a fixed volume (1 L), and
the concentration of water displaced from the fixed volume by anhydrous NaOH. The relative viscosity is
a ratio of the viscosity of the NaOH solutions to that of water. It shows that the viscosity of the 5-M
NaOH solution is more than 3 times greater than that of water. The total water concentration and the
concentration of water displaced by anhydrous solutes does not follow a linear trend because of the
changes in the long-range and short-range interactions between water molecules and the Na* and OH ions
and the NaOH? ion pair. Briefly, a small amount of NaOH in water introduces structure to the water -
molecules, thereby permitting more water to be packed into a given volume. As the concentration of
NaOH in solution increases, the effect of increasing structure to the water becomes a secondary effect of
the Na" and OH" ions displacing water molecules. These data show that there is more water in a liter of

Table 1. Physical Properties of Water and Aqueous NaOH Solutions®

Kinematic
' Viscosity, n/p Relative Total Water | Water Displaced by

NaOH | Density, p | Viscosity, n (poise or (centistoke or Viscosity, n/n,, | Concentration, | Anhydrous Solute,
m® (g/mL) g/lemsx 107%) mL/cm-s)® (unitless)® C. (g/L) Co-Cy, (g1)®

0 0.998 1.002 1.004 1.000 998.2 0

0.5 1.021 1.113 1.090 1.110 1,003 2.0

1.0 1.043 1.248 1.197 1.246 1,001 2.9

5.0 1.186 3344 2.819 3.337 984.5 13.8

(a) Data from Weast (1988 p. D-257) for solutions at 20°C.

{b) 0-M NaOH is deionized water.

| (¢) Kinematic viscosity is the ratio of viscosity to density, n/p.

(d) Relative viscosity is the ratio of the solution viscosity to water viscosity, n/m,. '

(e) Water displaced by anhydrous solute is the difference between the concentration of pure water (Co) and the water

concentration in the salt solution (C,,).




1.0-M NaOH than in pure water, whereas there is appreciably less water in 5.0-M NaOH than in pure
water. The important point is that high concentrations of NaOH, as well as other salts, can have large
effects on water concentrations.

1.4 Report Outline

In addition to the introduction, objectives, scope, and background, this report describes in Chapter 2.0
the materials and methods used in the two types of experiments. The results and discussion of the experi-
ments are given in Chapter 3.0, followed by the conclusions in Chapter 4.0. The references cited in the
text are provided in Chapter 5.0, and an appendix of additional background information and general
results is provided.

2.0 Materials and Methods

2.1 Overview

Two experiments were conducted, and the details of the materials and methods for each are described
in the sections that follow. Both experiments involved putting either a coarse quartz sand (#2095 Indus-
trial Quartz, Unimin Corporation, Emmett, Idaho) or a Hanford Site composite sediment (E24/E25/E26
sediment) in contact with NaOH solutions (0, 0.01, 0.1, and 1 M NaOH) for 0, 1, 2, or 10 months. The
intended media/solution contact time was 12 months. However, both experiments were terminated at the
end.of 10 months because of algae growth.

The quartz sand was selected to provide information relevant to the capillary-break material that may
be used in the engineered barrier around the immobilized glass waste. The quartz sand is expected to .
provide a worst-case scenario because it has a finer texture than the actual material being considered for
the barrier. The greater surface area-to-volume ratio of the quartz sand will tend to accelerate mineral
dissolution compared to what would be expected to occur with larger particles of the same mineralogical
composition.

The details of the individual sediment cores used in the Hanford Site composite sample are presented
in the Appendix (Table A.1). Briefly, this composite sediment was made from all the archived samples
(85 individual samples that ranged in depth from 3 to 17 m below ground surface) collected from 3 bore-
holes. The intent was to create a large mass of homogeneous material with “average” properties represen-
tative of backfill material that may be used in the near field of the ILAW-DC. The composite sample will
also be used in fiscal year 1999 hydrologic studies that will build on the characterization data generated in
these expenments




The following parameters were measured in the two experiments: saturated hydraulic conductivity,
porosity, bulk density, particle-size distribution, moisture retention, K,, pH, and aqueous cation concen-
trations. The procedures used to measure these parameters are described in Table 2.

Great care was taken to pack the columns used to measure hydraulic conductivity, porosity, and bulk
density. Teflon™ columns, with a length of 12 cm and a diameter of 4.5 cm, were packed as uniformly
as possible following the procedure identified in Table 2 (Teflon is a trademark of the Dow Chemical
USA, Midland, Michigan). Briefly, ~40 g of dried sediment were poured into the column. The sample
was then tamped by hand with a wooden dowel to as high a density as possible. Before adding the next
40-g increment of sediment, the surface of the tamped portion was lightly scratched with a spatula to
minimize layering between the 40-g increments. It generally took ~30 min to pack each column. Based
on the experimental results, this method was quite satisfactory. The columns were then used with the
appropriate NaOH-treatment solution to measure hydraulic conductivity, porosity and bulk density,
following the procedures identified in Table 2.

K4 values were measured following the procedure described in Relyea et al. (1980). Cs, Sr, and
U(VI) K, values were measured using the NaOH-treated composite sediment only (not the quartz sand).
Three replicates were used for each NaOH/contact-time treatment combination. Cs and Sr K4 experi-
ments were conducted in the same vials, whereas U(VI) experiments were conducted in separate vials.
The radionuclides were added to the appropriate NaOH solutions at activities of 15 pC/L Cs (as B¥csh,
15 pCi/L Sr (as ¥Sr*"), and 50 pg/L U(VI) (as 2*U0,*"). The spikes were placed in deionized water, and
no further adjustments for pH were made. The solutions were placed on a platform shaker for 7 days, a
period selected to ensure that steady-state conditions were achieved. The effluent solutions were passed
though a 0.20-pm filter, and the filtrates were analyzed for total radionuclide activity.

~

Table 2. Procedures Used in These Experiments

Procedure/Comments

Parameter Procedure

Particle-size SA-3 (PNL 1988) Particle-size analysis (sieve method)

distribution K .

Hydraulic SA-4 (PNL 1988) Falling head hydraulic conductivity

conductivity

Water retention SA-6 (PNL 1988) Water retention; pressure plate and CX-2 methods

Water content SA-7 (PNL 1988) Water content; necessary for constant head hydraulic conductivity

Bulk density SA-8 (PNL 1988) Clod density/bulk density; necessary for constant head hydraulic
conductivity

Particle density SA-9 (PNL 1988) Determining particle density; necessary for constant head hydraulic
conductivity

Column packing | WHC-IP-0635, GEL-3 | Moisture-density relationship of soils (Section 2.5 for packing

Rev. 3 column); necessary for constant head hydraulic conductivity

Cation ALO-211,Rev. 0 Determination of elements by inductively coupled argon plasma

concentrations (PNL 1989) atomic emission spectrometry

pH G-5-pH (PNL 1989) Measuring pH of low-level radioactive solutions




An index of the solubility of the radionuclides in the four treatment solutions was estimated.

Filtration ratio =- A oa (6)
Ajpita

where Ag,q is the radionuclide activity in the <0.20-um filtrate and Ay;ea is the radionuclide activity
added to the NaOH-treatment solution. Sediment was not added to the solutions used to calculate the
filtration ratios. The purpose of collecting this information was to help differentiate radionuclide removal
from solution by precipitation and adsorption onto labware (i.e., glassware and filters) from radionuclide
adsorption onto sediment. If the filtration ratio is <1, then precipitation or container wall adsorption
likely occurred.

For the U(VI) K, determinations, a 10-mL aliquot of the filtered U(VI) solutions was then added to
5 g of dried, NaOH-treated sediment. For Cs and Sr K4 determinations, a 30-mL spiked treatment solu-
tion was added to the 1 g of sediment. The solid-to-liquid ratio selection was based on obtaining the
maximum sensitivity for the K4 measurement. Because U(VI) has an appreciably lower K4 value than Cs
or Sr, a higher solid-to-liquid ratio was used. The spiked sediment suspensions were placed on a slow-
moving platform shaker for 14 days. The suspensions were centrifuged, and the supernatants were then
passed through 0.45-pm filters. Radionuclide activity in the filtrates was determined.

The Kg4s (mL/g) were then calculated.

Ky= (Ainitial - Aﬁnal)x V sslution )
Aﬁnal X Msedimeng »

where Aja is the initial radionuclide activity in the spike solution (uCi/L; positive control), Ag,, is the

radionuclide activity in the effluent solution after equilibration (WCV/L), Viusion is the volume of radionu-
clide solution (mL), and M;.gimer is the sediment mass (g). '

Two types of control treatments were included in the K4 experiments: a negative and a positive. The
positive control, containing the radionuclide-spiked solution and no sediment was used to evaluate radio-
nuclide sorption to labware. The negative control contained sediment and groundwater without the added
radionuclides and served to account for background activity in the uncontaminated sediment and treat-
ment solutions and to provide information about radionuclide detection interferences during analytical
analysis. '

Effluent chemical composition was determined using standard techniques. Inductively coupled
plasma-atomic emission spectroscopy (ICP-AES), with an analytical precision of 4% at 5 mg/L, was
used to determine dissolved cation concentrations. Ion chromatography, with an analytical precision of
+4% at 5 mg/L, was used to determine dissolved anion concentrations. U(VI) was measured by laser
phosphorimetry (Chemchek Instruments, Inc., Richland, Washington; Brina and Miller 1992). The laser
phosphorimetry method had a detection limit 0.005 mg/L UO,* and an analytical precision of 2% at
0.01 mg/L UO,”. Analyses for *’Cs and %*Sr were by gamma energy analysis using a Wallac® 1480




Wizard™ 3-in. Nal automatic gamma detector (EG&G Wallac, Wellesley, Massachusetts). Generally, all
counting analytical methods were performed to 3% combined error, with systematic error accounting for
<1% of the total error.

2.2 Batch Experiment

The batch experiments consisted of the following treatments: 2 solid-phase materials, 4 NaOH
treatments, 4 times, and 2 replicates. Either the quartz sand or the composite sediment (~400 g) and
800 mL of the NaOH solutions were placed in plastic 1-L containers. The plastic 1-L containers were
placed on a laboratory bench and mixed twice a week by vigorously shaking for ~1 min. Sixteen con-
tainers (2 replicates x 2 materials x 4 NaOH treatments) were sampled at each of 4 contact times: 0, 1, 2,
and 10 months. The materials were centrifuged to separate the solids and solution. A <0.45-um filtrate
subsample of the aqueous phase was collected for ICP analysis, and the remainder of the liquid was
carefully poured out, being careful not to lose any fine particles. The moist sediment samples were then
oven dried at 105°C. The mass of the NaOH salt left in the aqueous phase was accounted for in calcu-
lating the particle-size distributions. '

Approximately 300 g of very well-mixed dried solids were then packed into 2.5-cm-dia., 12-cm-long,
Teflon™ columns. Great care was taken to pack the 48 columns (2 materials x 4 NaOH treatments x
3 contact times x 2 replicates) uniformly and as tightly as possible following the procedure described in
Section 2.1. Moisture-retention curves were generated at 6 water potentials, including 0 bar (saturated
conditions). These data were collected using the appropriate NaOH-treatment solutions. Particle-size
distribution was measured on ~40 g of dried samples, using the dry-sieve method. As will be discussed in
Section 3.0, drying the sediments clearly produced an experimental artifact, whereby the particles, on
drying, aggregated. To eliminate this artifact, it would have been better to conduct the particle-size
distribution analysis via wet sieving (i.e., passing water through the nest of sieves) and to use sediment
samples that had not been dried. '

2.3 Column Experiment

This experiment had a full factorial design, involving 2 solid-phase materials (quartz sand or com-
posite sediment) and 4 NaOH treatments (0, 0.01, 0.1, and 1.0 M). The eight columns were made of
‘Teflon™ and were 12 cm long and 4.5 cm dia. The columns were carefully packed, as described in Sec-
tion 2.1. Prior to performing the column experiment, particle-size distribution, water retention, hydraulic
conductivity, porosity, and bulk density were measured for both materials. The treatment solutions were
introduced at a flow rate of 48 mL/h into the packed columns for 10 months. Periodically, the flow rates,
pH values, and cation concentrations of the effluents were measured following standard procedures (see
Table 2). At the end of the 10-month treatment period, particle-size distribution, hydraulic conductivity,
porosity, bulk density, and Ky values were remeasured.
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3.0 Results and Discussion

3.1 Physical Properties

3.1.1 Batch Experiment

The batch experiment consisted of 52 containers in which the quartz sand or the composite sediment
were treated with 4 different concentration of NaOH for 3 contact times ([2 solid phases x 2 replicates x
4 NaOH treatments x 3 contact times] + [2 solid-phase controls, no treatment x 2 replicates]). The
hydraulic conductivity, bulk-density, porosity, particle-size distribution, moisture-retention, and radio-
nuclide K4 values of these treated samples were measured. The experiment was terminated early, at
10 months, because algae growth became apparent. The intended contact time was 12 months.. It is hard
to determine what impact the algae had on the 10-month sediment samples. Algae clearly impacted the
K4 measurements, as will be discussed, but did not appear to greatly impact the hydrology and physical
measurements. For future studies, it may be possible to conduct batch experiments for greater than
10 months if the aqueous phases are spiked with algaecides, the sediment and water are sterilized, or the
entire experiment is conducted in the dark at 5°C.

The porosity of the treated quartz sand and composite sediment is presented in Table 3. The varia-
bility, as measured by the standard deviation in these measurements, was extremely low, suggesting that -
the columns used to measure the porosity were packed in a consistent manner. The quartz sand consis-
tently had a porosity of ~0.38 cm®/cm®, except for the 1.0-M NaOH treatment measured after 2 months of
contact time (0.33 £ 0.01 cm*/cm?).

Table 3. Effect of NaOH Concentrations and Contact Time on Porosity (cm’/cm®;
 mean t standard deviation of two replicates): Batch Experiment

Quartz Sand Composite Sediment
NaOH (month) (month)
™) o® 1 2 10 o 1 2 10

0 0.39+0.01 | 037+0.01 | 038+0.00 | 0.38+0.01 | 0.29+0.01 0.28® 0.27+0.01 | 029x0.02
0.01 -© 0.37+0.00 | 0.37+0.02 | 039=0.01 -© 0.29+0.01 | 0.28+0.01 | 0.29+0.01
0.1 -o 036+001 | 037+0.01 | 0.37+0.03 -© 0.29® 0.27+0.00 | 0.29+0.01
1.0 - 0.38+0.01 | 0.33+0.00 | 0.38+0.00 - 033+001 | 0.29+0.00 | 0.3320.00
(a) Untreated. '

(b) Not replicated.

(c) Not measured.
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The composite sediment had a lower, but also consistent, porosity of ~0.29 cm*/cm>. At all three
sample times, an increase in sediment porosity was observed as the NaOH concentration increased. This




suggests that some sediment may have dissolved and that this dissolution occurred quickly, prior to the
first sampling at 1 month. The porosity of the quartz sand did not change in a consistent manner while in
contact with NaOH solutions. .

The bulk-density values for the same columns used to measure porosity (see Table 3) are presented in
Table 4. Again, the variability for each treatment, as measured by the standard deviation of the mean,
was quite low. This indicates that the columns used to measure the bulk density within a treatment were
packed in a consistent manner. Prior to any treatment, the bulk density of the quartz sand was 1.56 +
0.02 g/cm’ and for the composite sediment was 1.79 + 0.00 g/cm®. As the NaOH concentration increased,
the bulk density in the composite sediment tended to decrease. As expected, this is consistent with the
trend that porosity increased with NaOH-concentration treatment (see Table 3). As was the case with
porosity, no consistent trend in bulk-density changes was observed in the quartz sand experiments. All
attempts were made to preclude experimental artifacts, and it is believed that the trends in the composite
sediment are real. '

Table 4. Effect of NaOH Concentrations and Contact Time on Bulk Density (g/cm®;
mean + standard deviation of two replicates): Batch Experiment

Quartz Sand Composite Sediment

NaOH {month) (month) 7

o) o® 1 2 - 10 0@ 1 2 10
0 156002 | 1.63® 1.59+0.01 | 1.55+0.03 | 1.79+0.00 1.86® 1.84+0.00 | 1.73+0.03
0.01 -9 1.58+0.03 | 1.58+0.02 | 1.57+0.00 O 1.83+0.02 | 1.86+0.06 | 1.77+0.01
0.1 -© 1.60+0.00 | 1.60=0.01 | 1.570.00 - 1.8120.01 | 1.82+0.01 | 1.75£0.02
1.0 -© 1.58+0.03 | 1.52+0.03 | 1.55+0.01 @ 1.71£0.03 | 1.78+0.01 | 1.66+0.03
(@) Untreated.

(b) Not replicated.
(c) Not measured.

Saturated hydraulic conductivity values for the packed columns used to measure porosity (sée

Table 3) and bulk density (see Table 4) are presented in Table 5. Prior to any treatment, the conductivity
of the quartz sand was 4.27 cm/min and the composite sediment was 0.13 cm/min. These values are
within the expected range for materials with their textures (Freeze and Cherry 1979). The hydraulic
conductivity data for hydroxide-treated materials did not show trends as well-defined as those for the
bulk-density and porosity data. For the quartz sand at 1 month, hydraulic conductivity did not change
significantly with increased NaOH-concentration treatment; at 2 months, it increased; at 10 months, it

~ decreased (see Table 5). For the composite sediment at 1 and 10 months, the hydraulic conductivity
increased with increased NaOH-concentration treatment; at 2 months, no significant trend was observed.
Thus, there does not appear to be a clear effect of NaOH treatments on the hydraulic conductivity meas-
ured in the quartz sand, whereas there may be an NaOH effect, albeit inconsistent, on the composite
sediment. For the composite sediment, the NaOH-concentration treatments increased the hydraulic
conductivity as the hydroxide concentration increased.
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Table 5. Effect of NaOH Concentrations and Contact Time on Hydraulic Conductivity
(cm/min; mean + standard deviation of two replicates): Batch Experiment

Cbmposite Sediment

Quartz Sand
NaOH (month) (month)
™M) o® 1 2 10° o® 1 2 10

- | 427021 5.90® 9.89+1.01 | 443+£0.77 | 0.13£0.09 0.15® | 0.10£0.08 | 0.12+0.06
0.01 - 7.82+1.42 | 954123 | 2.85+0.09 - 020+0.21 | 0224031 | 024+0.13
0.1 -© 648+145 | 898130 | 2.59+1.38 - 021024 | 0.13£0.02 | 0.40=0.10
1.0 -© ©534£2.71 | 1448043 | 2.69+0.00 - 1.44+£0.09 | 0.07+0.01 | 0.92+0.03
(a) Untreated. :

(b) Not replicated.
(c) Not measured.

The increased hydraulic conductivity may be the result of increased fluidity (see Equation [4]) or to
increased dissolution of sediment with increased NaOH concentration. The variability for any given
hydraulic conductivity measurement was acceptable, as shown by the standard deviations presented in
Table 5. This suggests that the lack of consistency between trends at various contact times was related to
the experimental method of applying the treatments.

The particle-size distribution of the quartz sand and the composite sediment before and after treat-
ment with the varying NaOH solutions is presented in Table 6. Some serious measurement artifacts
compromised the particle-size distribution data. The measurements were made using dried samples. On
drying the samples, some of the fine-grained materials aggregated. Consequently, this resulted in the
method incorrectly assigning these fine-grained particles to larger size fractions. Additionally, this
problem was more apparent with the composite sediment samples than with the quartz sand. A better
procedure would have been to 1) attempt to displace or dilute the salts remaining in the pore spaces prior
to conducting the measurement; 2) separate the particles using wet-sieve techniques (flush the nondried
solids with water); and 3) use moist, not oven-dried, samples in the analyses. Given this important
caveat, the data are presented to provide some idea of the overall trends.

~ Greater than 90% of the quartz sand existed in two size fractions, the 2- to 1- and the 1- to 0.5-mm
fractions (see Table 6). The NaOH treatments appeared to have little effect on the quartz sand’s particle-
size distribution. This can most easily be seen by comparing the data from the 0- and 1.0-M NaOH
treatments after 10 months of contact time. The concentration of the >0.25-mm fraction never accounted.
for >1% of the total mass.

As expected, the particle-size distribution of the composite sediment was wider than that of the sand.
Approximately 90% of the mass existed in the 4 fractions that include sizes between 2 to 0.1 mm (see
Table 6). There was little mass in the >2-mm fraction because the sediment had been passed through a
2-mm sieve prior to use in this experiment. The proportion of the finest particles of the 0-M NaOH
sediment treatments, <0.002 mm, tended to decrease during the 10-month contact.” The proportion of the
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Table 6. Effect of NaOH Concentrations and Contact Time on Particle-Size Distribution:

Batch Experiment®
Contact . % Particle-Size (mm) Distribution
Time | NaOH
(month) | (M) >2 2to1 10005 | 05t%025 | 025t00.1 | 0.1t100.075 | 0.05t00.002 | <0.002
Quartz Sand
0 NT® | 343014 | 8753+1.12 | 8.15£0.65 | 0.7320.54 | 0.15+0.18 0+0 0£0 0+0
1 0 | 1086x1.54 | 81.52£1.95 | 6.74+042 | 0.12+0.07 | 0.05+0.03 | 0.01£0.02 | 0.01+0.02 | 0.90+0.72
0.01 | 692+2.15 | 84.64x1.06 | 799+ 1.02 | 0.16+0.09 | 0.16+0.02 | 0.01£0.02 | 0.01£0.02 | 0.20+0.07
0.1 | 1147£4.57 | 79.99+0.68 | 7.83+3.66 | 0.34:0.27 | 0.020.00 | 0.01£0.02 | 0.000.00 | 0.34+0.05
1.0 | 883156 | 83.77+1.31 | 620+0.11 { 0.07+0.07 { 0.02+0.00 | 0.01+0.02 | 0.01+0.02 | 1.07+0.03
2 0 10.70 83.93 5.17 0.10 0.05 0.05 0 0
0.0 11.83 82.14 6.03 0.05 0.05 0 0 -0.09
0.1 6.72 78.25 14.70 0.29 0 0 0 0.05
1.0 14.36 81.88 3.63 - 0.05 . 0.04 0.02 0 0.02
10 0 837+279 | 8564+1.16 | 597+ 1.59 | 0.02+0.04 0+0 0£0 00 00
001 | 7.12x0.17 | 8649041 | 6.22+0.54 | 0.12+0.07 | 0.02+0.00 0x0 001002 | 0.01+0.02
0.1 | 729017 | 8634045 | 6.10£0.42 | 0.15+0.18 | 0.02+0.04 | 0.01:0.02 | 0.03+0.05 0£0
10 | 919+1.84 | 8655£1.70 | 4.16=0.12 | 0.02:0.00 { 0.04£0.02 | 0.01£0.02 | 0.01£0.02 | 0.02+0.00
Compeosite Sediment .
0 NT® 0+0 11.83+0.71 |33.83+ 1.65[30.00+£0.00 {1350+ 1.18| 3.33+0.47 | 2.50+0.24 | 5.00+0.47
1 0 0.06 10.71 39.98 26.06 10.38 2.48 1.10 9.22
0.01 0.09 1031 35.21 24.94 12.35 3.20 1.39 12.49
0.1 0.14 18.34 38.36 26.77 7.23 1.39 0.57 7.18
1.0 0.10 12.08 38.92 25.38 12.54 2.82 1.06 7.10
2 0 0.28 15.88 36.68 23.20 10.05 2.44 ‘141 10.05
0.01 0.20 1147 34.11 24.53 13.90 3.62 1.84 10.33
0.1 0.28 16.59 38.50 23.24 8.53 2.04 1.18 9.63
1.0 0.22 12.26 34.68 23.74 13.85 3.87 1.80 9.58
10 0 0.19+0.16 | 23.08+£4.12 [37.25+1.02{2239+£2.40| 857+0.66 | 2.18x0.06 | 1.48+0.02 | 4.86+0.20
001 | 0152012 | 23224330 {37.35+2.19{21.83 130 8.46+1.83 | 2222065 | 151039 | 526+ 1.44
01 | 0402019 | 2062+546 |37.07+291}2259+2,00] 922+277 | 2412101 | 1.66%0.66 | 6.02+2.11
1.0 | 042040 | 27.00£7.15 |38.07+1.49(20.68+2.77| 7.60+2.93 | 1.93+1.18 { 1.28+0.83 | 3.02+1.34

(a) Fine particles aggregated as a result of drying the sediment samples. This resulted in an underestimation of the true concentration of
finer particles and an overestimation of larger particles. Either one or two (with standard deviations) replicates of these measure-
ments were conducted. '

(b) NT = No treatment, particle-size distribution of quartz sand and composite sediment prior to any treatment.
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finest and the largest particle classes for the composite sediment for the 1.0-M NaOH treatments tended
to increase during the 10-month contact. But taking into consideration the standard deviation of the
means, there did not appear to be any significant difference between the 0- and 1.0-M NaOH treatments at
10 months.

In general, it appears that the particle-size distribution was rather insensitive, and thus not useful for
evaluating the impact of NaOH on the quartz sand and composite sediment. As will be shown in Sec-
tion 3.2.2, the 1.0-M NaOH treatments caused a dramatic increase in dissolved Si concentrations, indi-
‘cating that some dissolution did, in fact, take place. Additionally, indirect evidence based on porosity
(see Table 3), bulk density (see Table 4), and, to a lesser extent, hydraulic conductivity (see Table 5) also
suggests that dissolution of the composite sediment occurred in the 1.0-M NaOH treatment. However,
the dissolution could not be observed as changes in particle-size distribution. Sensitivity could be
improved by 1) using more sample to improve sensitivity to slight weight changes in the fine samples
(40 g were used in this experiment), 2) including more replicates to decrease variability, and 3) examining
smaller particle-size fractions (i.e., fractions that are smaller than 0.002 mm). These smaller fractions
tend to have a large impact on aqueous chemistry because of their high surface-to-volume ratio. Addi-
tionally, the high surface-to-volume ratio tends to make them especially vulnerable to dissolution.

Moisture-retention measurements were also collected for selected NaOH treatments (Figures 1 and 2
and Table A.2 in the Appendix). These data describe how much water a porous solid retains as a function
of water potential (suction) imposed on it. Thus, the greater the applied water potential, the less water
retained by the sediment.

Moisture retention was measured to provide indirect evidence as to whether dissolution or precipita-
tion occurred and to measure the impact of higher salt concentrations on water retention (the “salt effect™)
(discussed in Section 1.3). If there were a change in the particle-size distribution as a result of either
dissolution or precipitation, moisture-retention data would be affected. Increases in the concentration of
smaller particles resulting from precipitation would tend to increase capillary forces and water adsorption.
The opposite would occur if the concentration of finer particles decreased as a result of dissolution.
Regarding the salt effect, the presence of higher NaOH concentrations in the sediment would tend to
~increase the water tension that, in turn, would increase the capillary forces that, finally, would cause the
sediment to hold onto more water at a given applied suction.

For this experiment, there were few differences between the moisture-retention curves for the quartz
sand with the various treatments (see Figure 1[A]). This is consistent with the porosity, bulk-density,
hydraulic conductivity, and particle-size distribution data presented above. The moisture content of the
quartz sand tended to drop off very quickly once a small potential was applied. This is consistent with the
fact that the pores are relatively large and uniform, and once these pores emptied, only a small amount of
water remained in the sediment. The 1.0-M NaOH-treated quartz sand at 1 and 10 months (bat 1 M/1 mo
and bat 1 M/10 mo in Figure 1{B]) retained more moisture than the 0-M NaOH-treated quartz sand. This
could be the result of either the presence of higher electrolyte concentrations (the salt effect) or the pres-
ence of smaller particles in the 1.0-M NaOH-treated quartz sand. It seems more likely that the greater
moisture retention in the 1.0-M NaOH treatments is due to the salt effect rather than to precipitation
because the porosity, bulk-density, and hydraulic conductivity data provide no indication for precipitation.
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Figure 1. Moisture-Retention Curves for Batch (Bat) and Column (Col) Experiments Conducted
with Quartz Sand in Contact with 0 and 1 M NaOH for 0, 1, or 10 Months (mo) (column
experiment conducted for 10 mo and untreated sand {Untrt Sand]). A. Entire Data Set.
B. Data for <0.05 cm*/cm® Water Content.
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Figure 2. Moisture-Retention Curves for Batch (Bat) and Column (Col) Experiments Conducted
. with Composite Sediment in Contact with 0 and 1 M NaOH for 0, 1, or 10 Months (mo)
~ (column experiment conducted for 10 mo and untreated sand [Untrt Sed}). A. Entire
Data Set. B. Data for <0.11 cm?*/cm® Water Content.
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If anything, these data show no change in particle-size distribution with perhaps a small amount of disso-
lution. The column data for the 1.0-M NaOH treatments, shown in Figures 1 and 2 as (Col 1 M), will be
discussed below. '

As expected, the composite sediment retained more water than the quartz sand at any given applied
suction (see Figures 1 and 2). Also, the treatment effects on moisture retention were more pronounced in
the composite sediment than in the quartz sand. At 1 and 10 months, the 1.0-M NaOH-treatment samples
(bat 1 M/1 mo and bat 1 M/10 mo in Figure 2) tended to retain more water than their respective 0-M
NaOH treatments (bat 0 M/1 mo and bat 0 M/10 mo in Figure 2). The fact that the difference between the
0- and 1.0-M NaOH treatments did not change much at the 1- and 10-month samplings indicates that the
effect of the NaOH did not change during the 1- and 10-month sampling. Again, the cause for this
increased moisture retention is likely the result of the salt effect. There was no evidence that fine parti-
cles were formed during the NaOH treatments, whereas there is significant evidence that dissolution
occurred. ' '

3.1.2 Column Experiment

Eight columns were set up to evaluate, under dynamic flow conditions, changes in the same hydro-
logic and physical parameters evaluated in the batch experiment (see Section 3.1.1). After 10 months, the
column experiment was terminated, and the particle-size distribution, hydraulic conductivity, bulk density
and porosity were measured. As was the case for the batch experiment, algae started to grow in the .
columns after 10 months. Therefore, the column experiments, originally designed to last for 12 months,
were terminated. The algae had a significant, detrimental effect on the K4 measurements. Algae’s impact
on the physical and hydrologic measurements, presented in this section, appears to be minimal. This is
based on comparisons of the column experiment results with those from the batch experiments and data
trends for measurements taken when no algae was present (at 1 and 2 months). ‘

As the NaOH concentration was increased, the hydraulic conductivity, and to a lesser extent the
porosity, increased for both the quartz sand and composite sediment (Table 7). The bulk density did not
change in a consistent manner with respect to NaOH-concentration treatment. In the batch experiments,
the composite sediment, but not the quartz sand, showed similar trends, wherein the porosity and hydrau-
lic conductivity increased in samples treated with high concentrations of NaOH (see Tables 3 and 5). The
bulk-density values for the composite sediment columns decreased (see Table 7), consistent with the

“results of the batch experiment (see Table 5).

" As discussed in Section 3.1.1, the particle-size distribution measurements for the quartz sand and
composite sediment from the column experiment were compromised because of particle aggregation from
drying the sediment prior to analysis. Given this important caveat, the data are presented to provide the
reader with some general trends.

There was a slight decline from 5.11 % to 3.91% in the amount of solids in the finest fraction
(<0.002 mm) for the composite sediment as the NaOH concentration increased. This trend was not as
well-defined in the batch experiments but was largely true for all three contact times (see Table 6). No
significant differences were noted in the particle-size distributions for the quartz sand. Based on these
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Table 7. Effect of NaOH Concentrations on Condﬁctivity, Bulk Density, and Porosity:

Column Experiment
Conductivity Bulk Density
NaOH (M) (cm/min) (g/cm®) Porosity (cm*/cm®) -
Quartz Sand

0 8.70 - 1.64 0.39
0.01 9.42 1.67 0.37
0.1 9.86 1.67 ' 0.38
1.0 10.15 1.67 0.40

Composite Sediment

0 0.24 1.87 0.34
0.01 0.16 1.81 0.38
0.1 0.12 1.82 0.39
1.0 0.55 1.72 0.46

_ data alone, it is not possible to determine whether the cause for the decrease in the fine-grained particles
is due to greater aggregation of the fines in the high-salt treatments or to the dissolution of the fines in the
high-salt treatments. But, based on the hydraulic and physical properties presented in Table 8, it appears
likely that the decrease in the fine-grained particles is due to dissolution. ' ‘

Table 8. Effect of NaOH Concentrations on Particle-Size Distribution: Column Experiment®

NaOH . % Particle-Size (mm) Distribution _
™M) >2 | 2t01 | 11005 | 0510025 [ 0.25t0 0.1 | 0.1100.075 | 0.05to 0.002 ] <0.002
: Quartz Sand
0 6.15 86.02 7.45 0.30 0.05 0 0 0.03
0.01 5.78 85.81 8.01 0.30 0.05 0 0.03 0.03
0.1 554 85.07 8.54 0.65 0.12 0 0.05 0.02
1.0 595 86.06 7.46 0.38 0.08 0 0.03 0.05
‘ Composite Sediment
0 043 20.52 38.27 2232 9.54 - 220 1.60 5.11
0.01 0.47 2236 36.60 21.82 9.68 224 1.74 5.11
0.1 0.43 23.82 37.82 21.05 8.61 2.00 1.37 487
1.0 0.70 24.26 38.09 21.22 8.59 1.94 1.30 391
(a) During the sieve analysis, fine particles were observed to aggregate. This will result in an underestimation of the true
Eggzzr;n;zﬁon of fine particles and an overestimation of the larger particles. One replicate for each measurement was




The moisture-retention characteristics of the quartz sand and composite sediment treated with 0- and
1.0-M NaOH were presented in Figures 1 and 2. There was no noticeable difference between the 0- and
1-M NaOH data for the quartz sand (see Figure 1[B]), whereas there was a significant difference between
these treatments for the composite sediment (see Figure 2[B]). As discussed above, the cause for the -
~ difference is likely due to the salt effect. :

3.2 Chemical Properties

3.2.1 Batch Experiment

The batch experiments consisted of the following treatments: 2 solid-phase materials, 4 NaOH treat-
ments, 4 times, and 2 replicates. Approximately 400 g of either the coarse quartz sand or the composite
sediment and 800 mL of the NaOH solution were placed in plastic 1-L containers. The suspensions were
placed on a laboratory bench and mixed twice a week by vigorously shaking for ~1 min. At 1, 2, and
10 months, 16 containers (2 replicates x 1 solid-phase material x 4 NaOH treatments) were studied. The
moist solids were then oven dried at 105°C. The NaOH-treated composite sediment was then used in Cs,
Sr, and U(VI) Ky measurements. Three replicates of these measurements were made.

The U(VI) K, values could not be measured by laser phosphorimetry. Apparently, the high pH of the
0.1- and 1.0-M NaQOH treatments adversely affected the ability of the complexing agent used in the analy-
sis to complex the UO,** species. The activities of these samples were too low to count using radiochem-
ical techniques. Thus, the samples will be analyzed in fiscal year 1999 by the comparatively expensive
ICP-mass spectrophotometer (MS) method. Another problem that occurred during these studies was that
after 10 months, algae growth became apparent. This greatly compromised the measured Ky values. The
algae sorbed large quantities of Cs and Sr, producing K values that were 2 to 10 fold greater than
expected. The K; values of the 10-month contact-time samples were measured but not reported.

The filtration ratio (see Equation [3]), a ratio of the Cs and Sr activities before and after passing the
contact solutions through a 0.20-um filter, provides an index of the extent that radionuclides precipitated
out of solution or adsorbed to the labware. The filtration ratios are presented in Table 9. The filtration
ratios for the 0.01-, 0.1-, and 1.0-M NaOH solutions were approximately equal to unity. The filtration
ratio of the 0-M NaOH solution was substantially less than unity, suggesting that Cs and Sr had adsorbed
to the labware. An evaluation was made to determine if 0.001-M NaClO, could be used to replace the
0-M NaOH as a background electrolyte for the measurement of the Cs and Sr K4 values for the 0-M
NaOH treatments. It was expected that Na would compete with the Cs and Sr for adsorption sites on the
labware. The filtration ratios for the 0.001-M NaClO;, solution was also less than unity (see Table 9).
Consequently, the Cs and Sr K, values measured with either 0-M NaOH or 0.001-M NaClO, background
solutions were difficult to interpret and were, therefore, not reported.

Cs K4 values decreased as the NaOH concentrations increased (Table 10). This trend occurred at all
three contact times: 0, 1, and 2 months. The likely cause for this trend is the increased concentration of
the competing cation, Na. As more Na was introduced into the system, the competition by the Na for Cs
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Table 9. Filtration Ratios (from Equation [3]) of Cesium and Strontium

Background Electrolyte Cs Sr

i 0-M NaOH 0.64 0.69
0.01 M NaOH 1.07 0.93

0.1 M NaOH 1.11 1.00

1.0 M NaOH 1.07 1.03

0.001 M NaClO, 0.69 0.86

Table 10. Cesium K Values (mL/g) for Composite Sediment as a Function of
NaOH Concentration and Contact Time®

Contact Time®
(month)
NaOH (M) 0 1 2 10@
0 @ @ @ NA
0.01° 3,117+ 193 3,156 £ 39 3,721 £ 2369 NA
0.1 ' 1,982 £330 2,276 + 186 2,085+ 1339 NA
1.0 1,017 £75 1,167 £ 60 982 £ 191 NA

(a) After the assigned NaOH contact time of 0, 1, 2, or 10 months, K, values were meas-
ured. Radionuclide contact time with NaOH-treated sediment was 14 days; solid:
liquid ratio was 1:30; initial *’Cs activity was ~25 pCV/L; appropriate NaOH solutions
used as background electrolyte.

(b) Contact time refers to period that the NaOH solutions were in contact with the sedi-
ment prior to Ky measurement.

(c) The 10-month K; data are not reported because algae had grown in the sample
containers.

(d) There was substantial evidence that appreciable amounts of the Cs added to the 0-M
NaOH solution had adsorbed to labware. Filtration ratios were <1 (see Table 9).

adsorption sites increases, and consequently, the lower the measured Cs K4 value. It is believed that this
is a competing ion effect, and not an effect from the dissolution of particles, because the trend was
observed in the samples with a contact time of 0 month. The 0-month samples were in contact with
NaOH during the 14-day K4 measurement, so it is possible, but not likely; that the full extent of disso-
lution would take place during this short contact period.

There was a slight increase in Cs K4 values with contact time for the 0.01- and 0.1-M NaOH treat-
ments (see Table 10). The opposite trend was observed for the 1.0-M NaOH treatment. However, there
was a great deal of variability in the Cs Ky measurements. The high variability for Cs K4 values has been
observed previously in measurements made in the composite sediment (Parker 1997, Kaplan et al.
1998d). This is likely attributed to a nonuniform distribution of 2:1 minerals (such as smectite and illite),
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which have extremely high sorption affinity of Cs. Ames and Rai (1978) reported Cs K4 values of

4,900 mL/g for smectite and 2,200 mL/g for illite. Thus, only a very small difference in the distribution
of these strongly sorbing minerals in subsamples may cause large variances in Cs K, values for a given
sample. Consequently, large differences in K4 means were needed to observe statistically significant
differences. For example, though the K4 values tended to increase for the 0-M NaOH treatment as contact
time increased, the correlation was not significant at the 5% level of probability. Similarly, though the K4
values tended to decrease for the 1.0-M NaOH treatment as contact time increased, the correlation was
not significant at the 5% level of probability.

The Sr K4 values measured using the composite sediment treated with varying concentrations of
NaOH for 0, 1, and 2 months are presented in Table 11. In general, the K, values are on the high side
expected for the composite sediments (Ames and Serne 1991). In environments with low-dissolved
organic matter and low-salt concentrations, the range of Sr K values estimated by Ames and Serne was
20 to 200 mL/g. Sr K, values for solutions with high-salt concentrations were estimated by Ames and
Serne to be even lower. However, values as high as 2,000 mL/g have been measured in other carbonate-
dominated sediments similar to Hanford (Kaplan et al. 1998a). The cause for the unusually high-K4
values reported in Table 11 may be attributed to the relatively high concentration of fine materials in this
sediment, ~5% (see Table 6). The greater concentration of fine-grained material provided greater surface
area for the Sr to adsorb to.

Table 11. Strontium K, Values (mL/g) for Composite Sediment as a Function
of NaOH Concentration and Contact Time® :

Contact Time®
{month)
NaOH (M) 0 1 2 10©
0 @ @ @ NA
0.01 1,423 + 123 1,291 £ 173 1,335+ 410 NA
0.1 311£38 508 +39 390 + 139 - NA
1.0 275%17 358 £ 45 339+32 NA

(a) After the assigned NaOH contact time of 0, 1, 2, or 10 months, K, values were measured.
Radionuclide contact time with NaOH-treated sediment was 14 days; solid:liquid ratio
was 1:30; initial **Sr activity was ~33 pCi/L; appropriate NaOH solutions used as back-
ground electrolyte. '

(b) Contact time refers to period that the NaOH solutions were in contact with the sediment
prior to Ky measurement.

(c) The 10-month K data are not reported because algae had grown in the sample
containers.

(d) There was substantial evidence that appreciable amounts of the Sr added to the 0-M
NaOH solution had adsorbed to labware. Filtration ratios were <1 (see Table 9).
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The Sr K, values changed in a consistent and systematic manner with the NaOH-concentration treat-
ments. For all three contact times, the Sr K4 values tended to decrease with increasing NaOH concentra-
tion. This trend was also seen with Cs K, values, albeit the trend was less apparent with the Cs K4 values
(see Table 10). Again, the cause for this trend is likely that the added Na competed with Sr for adsorption
sites on the sediment surface. There were no systematic changes in Sr K, values with contact time.

After the appropriate contact time, but prior to measuring K4 values, subsamples of the aqueous
phases from the batch experiment were collected, passed through a 0.20-um filter, and then analyzed by
ICP-AES for major cation concentrations. Results from these analyses are presented in the Appendix
(Table A.3), and the more interesting trends are presented and discussed below.

The Si concentrations in the various NaOH solutions in contact with the quartz sand in the batch
experiment increased as the concentration of the NaOH increased (Figure 3). For the 0-, 0.01-, and 0.1-M
NaOH treatments, the solution concentration of Si did not change appreciably between 1 and 10 months
of contact time, suggesting that a steady-state condition had been reached within 1 month. The ranges of
the Si concentrations were the following: 0-M NaOH, 3.6 to 8.6 mg/L; 0.01-M, 26 to 28 mg/L; 0.1-M, 45
to 53 mg/L; 1.0-M, 127 to 189 mg/L. However, the Si concentrations in the 1.0-M treatment solution did
not reach steady state within the 10-month experiment. There are a number of reasons why the high-
NaOH treatment did not reach steady state, including that the higher pH levels of these systems were not
yet in steady state with the CO4(g) in the air. The Si could have come into solution through ion exchange,
ligand exchange, or dissolution of the quartz. The extent of ion exchange on quartz is very low, thus the
majority of the Si, especially at higher NaOH-concentration treatments, must have entered into solution
via dissolution. '
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Figure 3. Effect of NaOH Concentrations on Silicon Concentrations in Batch Suspensions
Containing Quartz Sand (each data point represents the mean of two observations)
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The Si concentration trends for the composite sediment batch experiment effluents (Figure 4) was
similar to those observed for the quartz sand in Figure 3. However, appreciably higher Si concentrations
were measured in the composite sediment solutions. This likely occurred because the sediment contained
appreciable amounts of amorphous silicates and other Si-containing minerals with higher solubility levels-
in NaOH than quartz. Additionally, the composite sediments contained appreciable amounts of fine-
grained materials (see Table 6). Fine-grained materials are more likely to dissolve because of their
greater surface area-to-volume ratio than larger particles of the same composition. The Si concentrations
in composite sediment effluents reached steady state for the three lower NaOH-concentration treatments.
Specifically, the Si concentrations in the 0-, 0.01-, and 0.1-M NaOH treatments were ~25, 40, and
350 mg/L, respectively. For the 1.0-M NaOH treatment, the Si concentrations in the composite sediment
did not reach steady state during the 10-month contact period. The Si concentrations increased in the
1.0-M NaOH treatment from 1,282 to 1,944 mg/L between 1 and 10 months of contact.
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Figure 4. Effect of NaOH Concentrations on Silicon Concentrations in Batch Suspensions

Containing Composite Sediment (each data point represents the mean of two
observations)

The aluminum concentrations were also elevated in the composite sediment experiments treated
with NaOH, indicating that not only silicates but also aluminosilicates were dissolving (see Table 5).
Although it is difficult to observe in Figure 5 because of the scale of the plot, Al concentrations increased
consistently with increased NaOH concentrations (see Appendix, Table A.3 for details). The Al concen-
trations were the following: 0-M NaOH, 0.02 to 0.07 mg/L; 0.01-M NaOH, 0.39 to 0.47 mg/L; 0.1-M
NaOH, 1.67 to 7.18 mg/L; 1.0-M NaOH, 100 to 135 mg/L. In conclusion, based on the Si and Al concen-
tration data presented in Figures 3, 4, and 5, it is clear that dissolution of composite sediment, and to a
lesser extent quartz sand, occurred during these experiments. Evidence for dissolution from the physical
‘and hydrologic parameters discussed in Section 3.1 were not as compelling as from the aqueous chemical
composition data presented here. '
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Figure 5. Effect of NaOH Concentrations on Aluminum Concentrations in Batch
Suspensions Containing Composite Sediment (each data point represents
the mean of two observations)

3.2.2 Column Experiment

Eight columns were set up to evaluate, under dynamic flow conditions, changes in physical and
hydrologic parameters similar to the batch experiment (see Section 3.1.1). After 10 months, the column
experiment was terminated because algae started growing. The algae had a significant, detrimental effect
on the K measurements; therefore, the measured K4 values are not reported. '

Effluent was collected from the columns, passed through a 0.20-pum filter, and analyzed for cation
concentration by ICP-AES. Results from these analyses are presented in the Appendix (Table A.4) and
the more interesting trends are presented in the following discussions.

The dissolved Si concentrations in the quartz sand column effluent (Figure 6) were comparable to
those in the solutions in contact with the quartz sand in the batch experiment (see Figure 3). This sug-
gests that the column effluent, which flowed at a rate of 45 mL/d or ~1.7-day residence time for each pore
volume, was at or near steady state (i.e., the dissolution rate of Si was quite rapid and reached steady state
within 1.7 days). For the three lowest NaOH-concentration treatments, the Si concentrations did not vary
greatly. As the NaOH-concentration treatment increased, the Si concentration increased incrementally.

Boron can be used as a measure of the degree of congruent dissolution of silicates (Ribbe 1980). The
B concentration in the quartz sand column effluent (Figure 7) followed nearly identical trends to those
observed for the Si concentrations (see Figure 6). As the NaOH-concentration treatment increased, the
B concentrations in the effluent increased incrementally. For the 1.0-M NaOH-concentration treatment
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effluent, there was an increase in Si and B concentrations at 100 days followed by a decline in concen-
trations for the next 2 sampling dates. The similarity of the B and Si concentrations suggests that the Si
dissolved congruently and likely did not reprecipitate as a secondary mineral phase. The cause for the
increase, followed by the decrease in B and Si concentrations in the 1.0-M NaOH treatment, is not
known. It is possible that there was an initial dissolution of comparatively more-soluble Si-containing
mineral and that this dissolution process was not immediate but required 60 days of contact with the
NaOH solution (i.e., the dissolution process was kinetically hindered with respect to the contact time
evaluated). Once the more-soluble phases were dissolved, the Si concentrations decreased. Algae uptake

‘may also be responsible for the decline in Si and B but this is not as likely. Algae growth was not appar-
ent until ~300 days, and there was no similar decline in Fe concentrations (data presented below), an
element that algae take up in greater concentrations than either B or Si.

Turning to the effluent from the composite sediment columns, the Si concentrations in the two lowest
NaOH-concentration treatments (Figure 8) were comparable to those in the batch experiment (see Fig-
ure 4). The two highest NaOH-concentration treatments for the composite sediment column experiment
had lower Si concentrations than the sediment batch experiments. This may be caused by kinetic hin-
drance of the dissolution process under dynamic flow conditions (i.e., the column system was not in
chemical steady state). Again, the cause of the decrease of Si concentration in the later samplings of the
composite sediment columns is likely caused by an initial dissolution of comparatively more-soluble
Si-containing minerals, and once the more-soluble phases were dissolved, the effluent Si concentrations
decreased.
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Figure 8. Effect of Influent NaOH Concentrations on Silicon Concentrations
in Composite Sediment Column Effluent (each data point represents
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The composite sediment column effluent concentrations of Al, Fe, and K are presented in Figures 9,
10, and 11, respectively. Interpretation of the Al data is especially difficult because of the strong propen-
sity of Al to precipitate as hydroxides and to form polynuclear species at elevated pH. Aluminum exists
in natural sediments, primarily in aluminosilicate minerals, and to a lesser extent as adsorbed/precipitated
species and gibbsite [AI(OH);]. As was the case with Si, the Al effluent concentrations from the sediment
column were less than those in the batch experiment (see Figure 5). The Al concentrations in the column
effluents from the three lowest NaOH-concentration treatments remained relatively constant during the
264-day sampling period, incrementally increasing as the NaOH concentration increased. It is especially
interesting to note that NaOH concentrations as low as 0.01 M induced the release of a substantial amount
_of Al into the aqueous phase. The Al came into the aqueous phase either by mineral dissolution or, to a
much smaller extent, by Al ion exchange from the solids. The Al concentrations in the highest NaOH-
concentration treatment decreased at the final sample period, 264 days. This trend may have been the
result of the initial dissolution of more-soluble Al-containing minerals, followed by the dissolution of
less-soluble Al-containing minerals. :

Iron exists in Hanford Site vadose-zone sediments primarily as Fe oxide coatings on mineral surfaces.
Fe also exists as adsorbed species and in the structures of aluminosilicates, such as illites and smectites.
Fe was released from the composite sediment columns only in the highest NaOH-concentration treatment
(see Figure 10). -For the most part, Fe concentrations for each NaOH-concentration treatment remained
essentially constant during the 264-day sample period.
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Figure 9. Effect of Influent NaOH Concentrations on Aluminum Concentrations
in Composite Sediment Column Effluent (each data point represents the
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Potassium exists in the composite sediments primarily in the structure of 2:1 minerals, such as mica-
like minerals, and to an appreciably smaller extent on exchange sites of mineral surfaces. The K concen-
tration of the composite sediment column effluent was presented in Figure 11. The K concentrations for
the three lowest NaOH treatments remained essentially constant during the 264-day sample period. For
the 1.0-M NaOH treatment, the K concentrations tended to decrease over time. Consistent with the Al
and Fe concentration data, the K concentration data suggest appreciable dissolution of aluminosilicates in
the 1.0-M NaOH treatment.

4.0 Conclusions

Column and batch experiments were conducted to evaluate the effect of varying concentrations of
NaOH on sorptive, physical, and hydraulic properties of a quartz sand and a composite sediment from the
- Hanford Site. The NaOH solutions were used to simulate a simplified leachate from a low-activity glass
waste form. Although the precise composition of the leachate for the waste-form glass is not known, it is
known that the dominant cation will be sodium and the dominant anion will be hydroxide. The simulated
leachate concentrations used in these experiments (0 to 1.0 M NaOH) represents an extended range of
likely concentrations of sodium and hydroxide that will exist in the near field of the ILAW-DC. By using
this simplified glass leachate, some potentially important chemical processes could not be evaluated. For
example, the simplified glass leachate did not permit evaluation of the effects of certain electrolytes on
the formation of some secondary minerals or their competition with radionuclides for sediment sorption
sites. However, these studies provided an important first approximation of several chemical and physical
processes that have not been studied, either at Hanford or elsewhere. In particular, there has not been any
research conducted to evaluate the effect of glass waste-form leachate on the dissolution of the sediment
or backfill. It is known that highly alkaline solutions can cause dissolution of silicates (such as quartz and
amorphous silicates) and aluminosilicates (such as smectites, illites, and vermiculites). It is not known
whether this dissolution will impact sorptive, physical, and hydraulic properties of the native sediments
and backfill. In a simplified manner, it was expected that the smaller particles, which would include the
amorphous silicates and the highly sorptive aluminosilicate clays, would be more likely to dissolve
because they have the greatest surface area for the simulated leachate to react with. The dissolution of
these minerals was expected to alter not only sorption properties but also the physical and hydraulic
properties of the sediments/backfill. If the finer particles were to dissolve, then an increase in hydraulic
conductivity would be expected. If the solid phase were to dissolve and then reprecipitate, it is expected
that plugging of the porous media would occur. '

A quartz sand was used to estimate the impact of the dissolution process on the hydraulic properties
of material that may be placed around the burial site to create a capillary break that will hinder moisture
migration into the waste glass. Some preliminary modeling of the near field indicated that diffusion may
cause some of the waste-form leachate to migrate upward toward the capillary-break barrier (Mann et al.
1998). If this highly alkaline leachate were to cause dissolution of the barrier material, then the physical
integrity of the barrier would be degraded and the functionality of the barrier (i.e., its ability to provide a
physical barrier to water movement) would be compromised.
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The second material used was a composite of archived Hanford Site sediment from three boreholes
from the 200-East Area. This material was selected to simulate a backfill material that may be used to
provide an inexpensive material to fill voids between the engineered materials and waste forms.

When the composite sediment was put in contact with the NaOH solutions, dissolution was evident.
based on the substantial increase in dissolved Si concentrations. Incremental increases in NaOH concen-
trations resulted in corresponding increases in Si solution concentrations. As much as 1,944 mg/L Si
were measured in NaOH-treatment solutions, whereas only ~7 mg/L Si were measured in the 0-M NaOH
treatment. A number of physical and hydraulic properties also changed as the NaOH concentrations were
increased. These changes were especially dramatic in the dynamic flow experiments but were not as
systematic in the batch experiments. In the sediment column experiments, as the influent NaOH concen-
trations were increased from 0 to 1.0 M, the hydraulic conductivity increased from 0.24 to 0.55 cm/min,
the porosity increased from 0.34 to 0.44 cm*/cm’, and the bulk density decreased from 1.87 to 1.72 g/em’.
All three changes are indicative of matrix dissolution.

The quartz sand dissolved appreciably less than the composite sediment dissolved. After 10 months,
the Si concentration in the aqueous phase of the quartz sand batch experiment was 4 mg/L in the 0-M
NaOH treatment and 189 mg/L in the 1.0-M NaOH treatment. The dissolution of the quartz sand had
little measurable effect on the physical and hydrologic properties measured, though some change was
evident in the column experiment. As the influent NaOH concentrations were increased from 0 to 1.0 M,
the hydraulic conductivity increased from 8.70 to 10.15 cm/min, the porosity increased from 0.39 to
0.40 cm®/cm’, the bulk density increased from 1.60 to 1.67 g/cm’, but there was no significant change in
" the particle-size distribution. These changes were quite moderate and, in some cases, were not statisti-
cally significant. '

Moisture-retention measurements were made on the quartz sand and composite sediment. The
moisture-retention measurements consistently showed that the 1.0-M NaOH-treated solids retained more
water than the 0-M NaOH-treated solids. Because the other chemical, physical, and hydraulic measure-
ments suggested that dissolution and not precipitation occurred in the high-NaOH treatments, the greater .
moisture retention of the high-NaOH treatments was attributed to a salt effect and not to the formation of
small particles. Increases in NaOH concentrations, as well as most other hydrophilic solutes, can increase
moisture retention by increasing capillary forces (water tension) and water adsorption to the sediments
(by saturating the solid-phase surfaces with highly hydrated sodium ions).

The NaOH-treated composite sediment was used to measure Cs, Sr, and U K, values. The purpose of
these measurements was to determine whether the sorptive properties of NaOH-aged sediments were
altered with respect to natural sediments. It was expected that the extent of radionuclide sorption would
decrease because of the dissolution of smaller minerals or because of greater concentrations of competing
Na ions present in the simulated leachates. Cs, Sr, and U were selected for the sorption experiments
because they have unique geochemical properties (monovalent, divalent, and complexing cationic radio-
nuclides, respectively) and are important dose contributors to the ILAW-PA. Additionally, Cs and Sr
tend to adsorb well to sediments; therefore, it was expected that changes in the composite sediment’s -
mineral composition would be easily observed as changes in the extent that these two radionuclides
adsorbed.
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There were a number of complications encountered in the sorption experiments. The U K4 measure-
ments were not successful because of U(VI) measurement problems in the highly alkaline simulated glass
leachate. ‘The U(VI) measurements may be completed in fiscal year 1999, using a more-expensive analyt-
ical technique (ICP-MS). Additional problems arose in the sorption experiments, in that algae growth
became evident after 10 months of contact time. Thus, Cs and Sr K, values were obtained from sedi-

. ments aged for 0, 1, and 2 months but not 12 months as initially planned. Finally, the sorption experi-
ments for the 0-M NaOH treatment had a significant amount of Cs and Sr sorbed to the labware, as
indicated by the filtration ratio being appreciably <1. This compromised interpretation of the data.

Some important results were obtained from the limited sorption data collected. The Cs K, values
decreased from ~3,000 to 1,000 mL/g as the NaOH concentrations increased from 0.01 to 1.0 M NaOH.
The duration that the sediment was in contact with the NaOH treatments did not have any effect on Cs K4
values. Similarly, Sr K4 values decreased from ~1,300 to 300 mL/g as the NaOH concentrations
increased from 0.01 to 1.0 M NaOH. There was no apparent trend in Sr K4 values with contact time. The
lack of trend between the K4 values and contact time suggests that the cause for the decrease in Ky values
with increased NaOH-concentration treatment was not the result of the dissolution of sediment particles
but was caused by competition of the added Na.

In summary, the NaOH-concentration treatments caused two types of effects on the two solids
studied. The first effect can be attributed to dissolution of some of the composite sediment. The meas-
urable increase in porosity and decrease in bulk density observed for the composite sediment suggest that
dissolution occurred. Together, these changes could have been responsible for the slight increase in
hydraulic conductivity. The second effect can be attributed to a change in the aqueous phase of the
system (i.e., the added NaOH increased the concentration of the Na* and OH ions). This salt effect
manifested itself in two or three distinct ways. First, the salt effect appears to be responsible for the
significant decrease in Cs and Sr Ky values. The added Na competed with Cs and Sr for sorption sites.
The decrease in K4 values was instantaneous, occurring with a contact time of 0 month. As the contact
time increased to 2 months, no change in K4 values was observed, even though physical changes in the
sediment had been measured during this period. The second salt effect increased moisture retention. The
increased amount of moisture retained by the NaOH-treated composite sediment did not change with
contact time. If dissolution-induced changes were the cause of changes in moisture retention, more time
dependence would have been seen. Finally, the increase in salt concentration may have induced an
increase in fluidity, thereby increasing hydraulic conductivity.

These experiments were conducted over a limited contact time with respect to the 10,000- to
100,000-year scenarios being described by the ILAW-PA. Yet, it is clear from these experiments that the
chemical composition of the waste-glass leachate is likely to have significant effects on hydrology and
radionuclide geochemistry in the near-field environment. These effects may make the ILAW-DC more or
less suitable for waste immobilization than would be estimated based on experiments conducted with
“unaged” materials. The glass waste-form leachate may make the near field less suitable for waste immo-
bilization by increasing the hydraulic conductivity via particle dissolution and/or increased fluidity and by
decreasing the sorption capacity of the sediments via the salt effect. However, it could also make the
system more suitable for waste immobilization by increasing the moisture retention via the salt effect,
increasing sorption (e.g., Tc and Se; Kaplan et al. 1998d), or inducing precipitation (e.g., U[VI]; Kaplan
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et al. 1996). Additional research will be conducted in fiscal year 1999 to identify more thoroughly the
mechanisms of the processes described herein. Future research will apply more direct measurement of

- these processes (e.g., using an x-ray tomography unit) and will be conducted using more-complex, simu-
lated glass leachate than was used in these experiments. Particular attention will be directed at quémtify—
ing the reaction rates of the mineral dissolution and defining the solid-phase composition of a typical
Hanford Site backfill sediment after extended exposure to the glass waste-form leachate. This future
research, together with the data presented in this report, will provide important guidance for the selection
of near-field hydraulic and geochemical data for the ILAW-PA.
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Table A.2. Moisture-Retention Data

Quartz Sand Batch Experiment

OM NaOH/10mo 1M NaOH/10mo | OM NaOH/1mo 1M NaOH/1mo
Pressure Moisture Pressure Moisture Pressure Moisture Pressure | Moisture
(bar) (%) (bar) (%) (bar) (%) (bar) (%)
0.01 0.38 0.01 0.38 0.01 0.37 0.01 0.38

0.55 0.0264 0.55 0.0383 0.55 0.0204 0.55 0.0196
I 0.0145 1 0.0281 1 0.0085 1 0.0145
2.02 0.0094 2.02 0.0145 2.02 0.0068 2.02 0.0136
4 0.0051 . 4 0.0136 4 0.0060 4 0.0136
1,221.57 0.0026 1,219.86 0.0026 1,194.27 0.0024 1,205.35 0.0044

Hanford Site Composite Sediment Batch Experiment ‘

O0M NaOH/10mo 1M NaOH/10mo OM NaOH/Imo . IM NaOH/1mo

Pressure Moisture Pressure Moisture Pressure Moisture Pressure Moisture

(ar) |  (®) (bar) (%) (bar) (%) (bar) (%)

0.01 0.29 . 0.01 0.33 - 0.01 0.28 0.01 0.33
0.55 0.1098 0.55 0.1021 0.55 0.0928 0.55 0.097872
1 0.0885 1 0.0928 1 0.0791 1 0.090213
2.02 0.08 2.02 0.0911 2.02 0.0681 2.02 0.0860
4 0.0749 . 4 0.0860 4 0.0630 4 0.08

- 1,065.84 0.0228 1,064.06 0.0183 1,073.04 0.0217 1,125.83 0.0158

Colump Experiment

Sand/OM/10 mo Sand/1M/10 mo Sed/OM/10 mo Sed/1M/10 mo
Pressure Moisture Pressure Moisture Pressure Moisture Pressure Moisture
(bar) (%) . (bar) (%) (bar) (%) (bar) (%)
0.01 0.39 0.01 04 0.01 0.34 0.01 0.32
0.55 0.0340 055 | -0.0204 0.55 0.1013 0.55 0.0894
1 0.0187 1 0.0119 1 - 0.0817 1 0.0723
2.02 0.0077 2.02 0.0085 2.02 0.0809 2.02 0.0655
4 0.0068 4 0.0060 4 0.0740 4 0.0570
1,246.85 0.0025 1,277.86 0.0024 1,061.43 0.0239 1,068.47 0.0223

Untreated Sand and Sediment Samples

Quartz Sand Composite Sediment
Pressure Moisture Pressure | Moisture
(bar) %) Ga) | (B
0.01 0.39 0.01 0.32
0.55 0.0145 0.55 0.0894

1 0.0094 1 0.0723
2.02 0.0077 2.02 0.0655
4 0.0060 4 0.0570
1,232.05 0.0027 1,068.47 0.0223

AS




Table A.3. Aqueous Chemical Composition of Batch Experiments

Contact Time NaOH Al Fe Si B K .
(month) Solid Phase M) | (mgll) | (mg/l) | (mg/l) (mg/L) (mg/L)

1 Quartz sand 0.00 0.07 0.00 6.99 2.00 1.83
0.01 244 0.04 27.52 2.84 0.00

0.10 7.18 0.00 44.81 3.12 0.00

1.00 25.21 0.83 127.12 - 5.87 0.00

Composite sediment | 0.00 0.25 0.02 26.89 2.73 0.00

' 0.01 0.39 0.48 39.99 191 3.59
0.10 7.18 0.01 323.25 1.21 11.90
1.00 125.45 0.82 1,282.30 3.73 76.86
2 Quartz sand 0.00 0.23 0.02 8.60 236 21.80
0.01 2.85 0.11 28.41 229 21.58

0.10 8.25 0.05 50.56 - 3.01° 24.75
1.00 32.40 1.28 151.20 4.82 19.60

Composite sediment | 0.00 0.07 0.00 23.87 2.15 8.96

0.01 0.47 0.54 38.42 1.98 6.15
0.10 5.99 0.05 356.23 1.73 - 10.34

~ 1.00 135.29 0.71 1,663.90 3.69 81.94

10 Quartz sand 0.00 0.08 0.00 3.55 0.00 6.57
0.01 2.72 0.00 26.52 0.00 5.76

-0.10 9.64 0.00 53.42 0.00 10.43
1.00 53.87 0.00 188.91 0.01 17.96

Composite sediment |  0.00 0.02 0.00 12.82 0.00 4.09

0.01 0.47 0.71 18.32 0.00 3.11

0.10 1.67 0.00 368.67 0.00 - 7.07
1.00 100.66 0.21 1,944.50 0.10 . 95.98

Ab




Table A.4. Column Effluent Chemical Composition (mg/L)

Quartz Sand 0 M NaOH Treatment ,
13 Days 36 Days 68 Days 104 Days | 167 Days 228 Days | 264 Days
Al 0.71 0.48 0.39 0.00 0.00 0.15 0.01
B 6.05 4.20 4.86 8.85 6.53 3.14 0.24
Ba 0.00 0.02 0.02 0.03 0.03 0.00 0.00
Ca 1.18 0.01 0.00 0.09 0.00 0.07 0.00
Fe 0.00 0.05 0.00 -0.00 0.00 0.00 0.00
K 4.61 6.97 8.83 1.14 2.40 5.60 431
Na 181.43 249.30 126.67 - 10.08 8.31 24.37 1.13
Si 15.31 14.30 11.11 14.68 12.65 6.10 0.00
Quartz Sand 0.1 M NaOH Treatment
13 Days 36 Days 68 Days 104 Days | 167 Days 228 Days | 264 Days
Al 4.36 434 3.90 1 240 4.34 2.92 2.56
B 5.38 6.06 6.85 7.12 14.84 5.38 0.06
Ba 0.02 0.03 0.00 0.05 0.09 0.03 0.00
Ca 1.26 1.26 0.30 0.09 0.13 - 0.28 0.00
Fe 0.10 0.09 0.02 0.01 0.05 0.04 0.00
K 8.51 9.47 7.82 4.25 0.00 428 8.32
Na 2,672 3,144 2,181 1,848 2,486 2,168 1,705
Si 47.55 48.32 49.79 50.30 90.97 44.15 10.88
Composite Sediment 0 M NaOH Treatment
Days 13 Days 36 Days 68 Days 104 Days | 167 Days | 228 Days | 264 Days
Al 0.00 0.02 0.20 0.18 0.09 0.07 0.05
B . 5.56 3.21 442 6.72 424 2.12 0.07
Ba 0.01 0.05 0.00 . 0.00 0.04 0.06 0.02
Ca 5.20 4.98 3.94 2.89 395 3.12 1.92
Fe 0.10 0.02 0.01 0.00 0.00 0.00 0.00
K 8.95 7.64 11.31 - 14.45 3.49 1.40 322
Na 144.79 187.74 113.98 26.93 5.54 22.80 8.26
Si 31.66 23.35 21.97" 24.72 18.18 10.86 7.17
Composite Sediment 0.1 M NaOH Treatment
Days 13 Days 36 Days 68 Days 104 Days | 167 Days | 228 Days | 264 Days
Al 9.20 27.81 24.05 23.53 21.09 20.58 19.35
B 1.99 3.53 3.91 1.84 436 3.08 0.09
Ba 1 0.00 0.01 0.01 0.00 0.01 0.08 0.03
Ca 2.79 0.30 0.75 0.16 0.43 0.76 0.44
Fe 0.15 0.00 0.04 0.01 0.00 0.01 0.00
K 13.92 14.66 17.72 18.05 14.44 20.10 21.51
Na 2,017.70 2,266.1 2,368.20 1,686.60 | - 2,188.20 2,143.60 1,702.50
Si 292.06 21723 183.65 149.20 162.92 136.30 117.14
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Table A4. (contd)

Quartz Sand 0.01 M NaOH Treatment

; 13 Days 36 Days 68 Days 104 Days | 167 Days | 228 Days | 264 Days
Al 231 1.29 0.80 0.12 027 . 0.80 0.75
B 4.26 372 2.75 8.28 7.99 2.99 0.09
Ba 0.00 0.02 0.00 0.02 0.03 0.04 0.00
Ca 0.80 0.56 0.60 0.07 0.00 0.00 0.00
Fe- - 0.00 0.08 0.03 0.06 0.10 0.03 0.05
K 1.81 8.57 "7.90 0.00 1.45 3.10 4.53
Na 365.58 693.33 255.24 227.68 263.13 257.49 187.46
Si 26.75 20.87 10.78 25.38 25.88 13.00 424
. Quartz Sand 1.0 M NaOH Treatment
13 Days 36 Days 68 Days 104 Days { 167 Days | 228 Days | 264 Days
Al 11.35 10.54 9.06 10.60 9.83 6.44 491
B 7.70 10.57 10.09 20.19. 14.94 11.04 0.15
Ba 0.08 0.07 0.07 0.08 0.15 0.08 0.05
Ca 1.27 0.30 0.24 0.50 0.29 0.50 0.00
Fe 1.07 -0.83 0.50 0.34 0.30 0.29 0.23
K 8.12 6.78 11.00 9.06 8.81 7.00 9.15
Na 18,176 18,176 14,261 14,966 18,215 16,261 12,210
Si 103.22 111.69 101.93 201.80 147.44 112.20 17.70
Composite Sediment 0.01 M NaOH Treatment
13 Days 36 Days 68 Days 104 Days | 167 Days | 228 Days | 264 Days
Al 0.09 1.78 T 362 2.89 4.50 4.46 7.02
B 6.05 3.94 3.70 6.93 4.44 1.79 0.01
Ba 0.03 0.03 0.03 0.00 0.05 0.10 0.00
Ca 4.12 121 0.61. 0.30 0.53 1.16 0.52
Fe 0.06 0.09 0.03 0.03 0.01 0.01 0.00
K 8.22 4.55 11.23 11.79 -® - 5.01
Na 129.32 393.39 324.39 213.25 228.86 245.10 201.01
Si 44.92 82.45 74.67 57.65 58.84 50.40 46.82
Composite Sediment 1.0 M NaOH Treatment )
13 Days 36 Days 68 Days 104 Days |. 167 Days | 228 Days | 264 Days
Al 103.54 84.89 59.87 54.67 65.51 44.14 39.282
B 10.19 6.23 7.14 9.36 10.90 6.47 0.21
Ba 0.01 0.03 0.01 0.00 0.05 0.04 0.00
Ca 1.58 0.45 0.00 025 0.46 1.02 0.86
Fe 1.18 2.05 2.19 1.59 1.65 1.27 145
K 49.62 54.31 --® 49.25 51.27 37.27 34.06
Na 18,176 14,261 14,261 14,509 17,222 16,095 12,571
Si 771.37 599.05 471.14 416.73 514.64 328.90 247.80

(a) ICP instrument malfunction for K channel.
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