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Summary 

Experiments were conducted in fiscal year 1998 by Pacific Northwest National Laboratory' to eval- 
uate potential incorporation of radionuclides in secondary mineral phases that form from weathering 
vitrified nuclear waste glasses. These experiments were conducted as part of the Immobilized Low- 
Activity Waste-Performance Assessment (ILAW-PA) to generate data on radionuclide mobilization and 
transport in a near-field environment of disposed vitrified wastes. 

An initial experiment was conducted to identify the types of secondary minerals that form from two 
glass samples of differing compositions, LD6 and SRL202. Chemical weathering of LD6 glass at 90°C in 
contact with an aliquot of uncontaminated Hanford Site groundwater resulted in the formation of a crys- 
talline zeolitic mineral, phillipsite. In contrast, similar chemical weathering of SRc202 glass at 90°C 
resulted in the formation of a microcrystalline smectitic mineral, nontronite. 

A second experiment was conducted at 90°C to assess the degree to which key radionuclides would 
be sequestered in the structure of secondary crystalline minerals; namely, phillipsite and nontronite. 
Chemical weathering of LD6 in contact with radionuclide-spiked Hanford Site groundwater indicated that 
substantial &actions of the total activities were retained in the phillipsite structure. 

Similar chemical weathering of SRL202 at 90°C, also in contact with radionuclide-spiked Hanford 
Site groundwater, showed that significant fractions of the total activities were retained in the nontronite 
structure. 

These results have important implications regarding the radionuclide mobilization aspects of the 
ILAW-PA. Additional studies are required to c o n f i i  the results and to develop an improved under- 
standing of mechanisms of sequestration and attenuated release of radionuclides to help refine certain 
aspects of their mobilization. 

~ ~~ 
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1.0 Introduction 

A performance assessment (PA) is under way to evaluate the suitability of the unsaturated sediments 
at the Hanford Site for the long-term disposal of vitrified low-activity waste. This assessment consists of 
analyses that predict the transport of radionuclides andor contaminants from a source to a receptor via 
pathways that are considered credible. Previous analyses for proposed disposal actions on the Hanford 
Site show that groundwater transport presents the greatest potential for long-term dose uptake by humans 
(Mann et al. 1998). Furthermore, these previous analyses have shown that the key risk drivers at the 
proposed disposal site include 79Se, Tc, I, 9 129 233,235,238~, and U7Np 

1.1 Background 

Currently, data are lacking on the tendency of key radionuclides to be sequestered into secondary 
crystalline mineral structures. This lack of knowledge could adversely affect waste-disposal activities by 
increasing the uncertainty and requiring unrealistically conservative estimates be used as inputs to dose 
calculations. 

It is expected that the leachate from the glass waste forms and concrete vaults used to dispose of the 
immobilized low-activity waste (ILAW) will have very high ionic strengths (very high concentrations of 
dissolved constituents) and will be extremely alkaline (very high pH) in nature (Mann et al. 1998). Under 
such extreme conditions, several complex geochemical reactions are known to occur in waste forms, 
neighboring engineered structures, and surrounding sediments that include dissolution of several carbon- 
ate and silicate minerals, precipitation of secondary and tertiary mineral phases, radionuclide adsorption 
onto minerals (primary, secondary, and tertiary), and sequestration of radionuclides into secondary and 
tertiary mineral phases. Several studies of waste and volcanic glasses and grouts have shown that forma- 
tion of zeolitic and smectitic secondary crystalline minerals as a product of chemical weathering is a very 
common phenomena (Collella et al. 1978; Holler and Wirsching 1978; Van Iseghem et al. 1985; Van 
Iseghem and Grambow 1988; Haaker et al. 1985; Lube et ai. 1988; Caurel et al. 1988; McGrail et al. 
1997% 1997b, 1998; Ebert and Tam 1997; Luo et al. 1997; Fortner et al. 1997). Extensive reviews by 
Barrer (1982) and Newman and Brown (1987) of literature on isomorphous substitution in zeolites and 
smectites suggest that radionuclides in waste forms could, on chemical weathering, be sequestered in 
these secondary crystalline mineral structures. Because zeolites and smectites have significantly lower 
solubilities than glass waste forms, the aqueous-phase activities (concentrations) of isomorphically 
substituted radionuclides would be significantly decreased. 

1.2 Scope and Objective 

This study consisted of two experiments. The initial experiment was conducted to identify and 
characterize the type of secondary minerals that form from chemical weathering of two waste glass 
samples of differing composition in contact with uncontaminated Hanford Site groundwater. The second 
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experiment was conducted to assess the degree to which key radionuclides would be incorporated into 
secondary mineral phases that form fkom weathering glasses. The objective of this study was to deter- 
mine the potential sequestration of some of the key radionuclides (79Se, wTc, 1291, and 
secondary crystalline minerals that form as products of chemical weathering of vitreous waste forms. 

win 2332323538 

1.3 Document Outline 

This document consists of four chapters. This introduction is followed by a discussion of the mate- 
rials and methods used in the two experiments. The results and discussions of the glass-weathering and 
radionuclide sequestration experiments are given in Chapter 3.0. The conclusions gathered from the 
experiments are presented in Chapter 4.0, followed by the references cited in the text in Chapter 5.0. 

2.0 Materials and Methods 

2.1 Glass- Weathering Experiments 

Each glass-weathering experiment was set up to periodically monitor the formation of secondary 
crystalline minerals. Because the objectives of this experiment were to iden@ and characterize the type 
of secondary minerals, no radionuclides were introduced to the glasses. 

Two glasses of different compositions were used in these experiments (Table 1). The reasons for 
selecting these two glasses were that their physical and chemical characteristics have been well- 
established and their compositions differ significantly and, therefore, likely lead to different weathering 
products. The LD6 glass is a sodium aluminosilicate glass with minor amounts of calcium, potassium, 
and boron (McGrail et al. 1997a). In contrast, SRL202 glass is an alkali (lithium, sodium, and potassium) 
iron borosilicate glass with minor amounts of calcium, magnesium, aluminum, manganese, nickel, and 
zirconium (Ebert and Tam 1997). The glasses were prepared for the weathering experiments by crushing 
and grinding the material to pass through a #325 sieve (44 pm). 

The groundwater used in these experiments was collected from well 69943-25, located on the 
Hanford Site (Table 2). The composition of the groundwater indicates that calcium, magnesium, sodium, 
and potassium are the principal cationic constituents, with chloride, sulfate, and carbonate the dominant 
anions. The chargsbalance calculations (+5%) indicated that the chemical analysis of this water is 
complete and accurate. 

The weathering experiment was conducted by weighmg 5-g portions of each glass into 4 TeflonTM 
Parr bomb containers (Parr Instruments, Moline, Illinois). Hanford Site groundwater (5 mL) was added 
to the glass samples, the containers were sealed, and then placed in an oven preheated to 90°C. At the end 
of every week, for a period of 4 weeks, a sample of each weathered glass was removed from the oven and 
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Table 1. Chemical Composition of LD6 and SE202 Glasses 

[ NiO I -- I 0.82 
1 Si02 I 55.91 I 48.90 

I 0.10 -- zfl2 
(a) McGrail et al. (1997). 
(b) Ebert and Tam (1997). 

Table 2. Chemical Composition of Uncontaminated Hanford 
Site Groundwater (0.45 pm filtered) 

Constituent Concentration (mmolL) 
PH 8.4 (unitless) 
c1 0.677 
Nos 0.027 

I 1.135 
C (organic) I 0.061 U 

I 2.623 
A1 I 0.005 I 
B I 0.005 1 
Ba I 0.001 U 
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cooled. The solids were gently crushed; washed with deionized, distilled water; air dried; and character- 
ized using X-ray diffraction 0) analysis. The glass samples weathered 4 weeks in addition to miner- 
alogical characterization were also morphologically and chemically characterized by using scanning 
electron microscopy coupled to an energy dispersive X-ray spectrometer (SEM-EDS). 

The weathered glass samples were prepared for XRD analysis by packing subsamples into aluminum 
holders. The samples were scanned through a range of 6 to 80 degrees (29) using Cu-Ka radiation. The 
diffkction data were analyzed by using software linked to an international diffraction database. For 
SEM-EDS analysis, milligram-sized subsamples of fresh and weathered (4-week) glasses were mounted 
on carbon specimen stubs and vacuum coated with a conducting carbon film. Spot analyses of fresh glass 
surfaces and secondary crystalline minerals were conducted, and the spectral data were processed by the 
instrumental software to obtain semiquantitative chemical analysis. 

2.2 Radionuclide Sequestration Experiments 

Five-g portions of each glass were transferred into 4 Teflon Parr bomb containers. Individual 5-mL 
aliquots of Hanford Site groundwater were spiked separately with either 75Se, 99Tc, 1251, or ='U and these 
individually spiked aliquots were added to one of the 4 sample containers of each glass. The spike levels 
ranged from 40 to 120 nCi. For control, 5-mL aliquots of similarly spiked groundwater were transferred 
to 4 blank containers. All containers were sealed and placed in an oven preheated to 90°C. At the end of 
4 weeks, the weathered glass samples were removed from the oven and cooled. The samples were 
crushed and washed three times with deionized, distilled water. The wash water was composited and 
successively filtered through 0.45-pm and Amicon (20 A) filters and the activities of wTc and 238U in the 
filtrates were counted (Amicon is a subdivision of Millipore Corporation, Bedford, Massachusetts). The 
solids were air dried, and the activities of 75Se and 1251 in the solid phase were determined. The activities 
of %Tc and 238U in the liquid samples were determined by liquid scintillation counting (LSC), using a 
quench-calibrated WallacB 1415 and Packard@ OptifluoP LSC cocktail (Wallic Instruments, Inc. and 
Packard Instruments, Meriden, Connecticut). Analysis of "Se and **'I in liquid and solid samples were 
conducted by gamma-ray spectrometry, using a calibrated WallacB 1480 Wizardm 3-in. NaI detector 
with built-in software. 

3.0 Results and Discussion 

3.1 Glass-Weathering Experiments 

3.1.1 Weathering Products of LD6 Glass 

At the end of the second week of weathering, XRD-detectable quantities of a crystalline phase were 
present in the LD6 glass (Figure 1). Significant increases in diffraction intensities indicated that 
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substantial quantities of glass had converted into crystalline material. No significant differences in 
diffraction peak intensities of samples between the third and fourth weeks of weathering were observed, 
indicating that formation of secondary crystalline phases was substantially complete by the end of the 
third week. The diffraction data from weathered LD6 glass matched the standard diffraction data for 
phillipsite, a zeolite mineral. Phillipsite is an aluminosilicate mineral with a doubly connected 4-ring 
framework structure and is known to form fkom weathering of alkali glasses and gels (Breck 1974, Barrer 
1982, Gottardi and Galli 1985). The framework consists of tetrahedrally coordinated Si and A1 that form 
8-ringed channels in both a and b crystallographic directions (Breck 1974). These open channels, with 
dimensions of 4.2 x 4.8 8, and 2.8 x 4.8 A, contain hydrated exchangeable cations that are coordinated 
with framework oxygen. These exchangeable cations compensate the positive charge deficiency in the 
structure arising from the lower valence ion, Al(III) substituting for the higher valence ion, Si(1V). A 
schematic of the phillipsite structure, consisting of a tetrahedrally coordinated framework and an 8-ring 
channel, is shown in Figure 2. 

Scanning electron micrographs of unreacted LD6 glass showed glass particles of -50-pm average 
size, with typical conchoidally fractured surfaces and clear, smooth surfaces covered with smaller glass 
particles (Figure 3). SEM observations also showed that some of the glass particles before being reacted 
at 90°C had overgrowths of phillipsite crystals (Figure 4). The presence of phillipsite, a secondary 
mineral in fresh glass, indicated that the glass surfaces were highly reactive and that some of these 
particles during storage at room temperature appeared to have reacted with ambient moisture, resulting in 
clusters of phillipsite. Such formation of phillipsite under ambient conditions is in accordance with 
observations of this mineral’s formation under earth-surface conditions (Gottardi and Galli 1985). 

As expected, SEM examination of glass particles weathered for 4 weeks revealed dense, radiating 
clusters of prismatic crystals of phillipsite growing on matrices of highly weathered (corroded) glass 
(Figure 5). A highly magnified view of a cluster (Figure 6) indicated that these prismatic crystals were 
-2 to 5 pm in length, with widths ranging from 0.25 to 0.5 pm. The appearance of these clusters of 
phillipsite crystals is morphologically similar to phillipsites formed from weathering volcanic glasses 
(as illustrated by Gottardi and Galli 1985). 

The chemical composition of phillipsite crystals was measured using EDS. The elemental concen- 
trations expressed on an oxide basis (Table 3) indicated that phillipsite, which forms from weathering 
LD6 glass, is similar in composition to some silica- and sodium-rich phillipsites derived from weathered 
volcanic glasses. Based on the geochemical factor that aluminum is a conservative element (practically 
all aluminum in the weathering mineral is transferred into secondary mineral phases), an average unit cell 
formula for phillipsite was calculated as 

The LD6 glass-derived phillipsite appears to have -80% of the tetrahedral sites filled with silicon 
and -85% of the cation-exchange sites filled with sodium (calculated cation-exchange capacity of 
-2.6 meq/g). 
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Figure 3. Scanning Electron Micrograph of Fresh LD6 Glass Particles 

8 



9 



Table 3. Analysis of Phillipsite Crystals Formed 
from LD6 Glass 

Analysis 1 Analysis 2 
Element (Oxide Basis) (Wfw (wt"/.> 

A1203 12.24 11.84 
CaO 4.24 7.22 

24.17 
K20 1.64 
Na20 18.56 
Si02 I 63.21 I 55.15 11 

3.1.2 Weathering Products of SRL202 Glass 

The XRD data indicated that at the end of the first week a crystalline secondary mineral had formed 
from weathering SRL202 glass (Figure 7). Subsequent analysis showed no significant changes in diffrac- 
tion intensities, indicating that a major fraction of glass alteration reactions had taken place during the 
first week of weathering. Also, the broad, diffuse nature of the diffraction peaks indicated that the 
weathering product was a microcrystalline (submicron-size crystals) mineral. The diffraction data from 
weathered glass matched the standard diffraction data for nontronite, an iron-rich phyllosilicate mineral. 
Nontronite has a sheet-like structure with two sheets of silica tetrahedra sandwiching an octahedrally 
coordinated layer containing mainly iron (Figure 8). These structural units range fiom 9.5 to 10 A in 
thickness, and the interlayer space between adjacent structural units is occupied by exchangeable cations. 
A smaller fraction of exchangeable cations in this structure occupy ionized hydroxyl sites along the sheet 
edges. 

Scanning electron micrographs of unreacted SRL202 glass showed particles -10 to 20 pm in average 
size, with typical conchoidally fractured surfaces and clear, smooth surfaces covered with smaller glass 
particles (Figure 9). In contrast, SEM examination of glass particles weathered for 4 weeks revealed rose- 
ate clusters of thin, sheet-like crystals of nontronite growing on matrices of highly weathered (corroded) 
glass (Figure 10). A highly magnified view of a cluster (Figure 11) indicates that these crystals are very 
thin (-0.05-pm) sheets and completely covered the glass surfaces. The morphology of these crystals 
reflect the sheet-like structure of a typical phyllosilicate mineral. 

The chemical composition of nontronite crystals was measured using EDS. The elemental concen- 
trations expressed on an oxide basis (Table 4) indicate that nontronite is silica and iron rich, which 
reflects the composition of the parent glass. Considering that 1) both iron and aluminum are conservative 
elements and that nontronite is a dioctahedral mineral (only two out of three octahedral coordination sites 
in the structure are filled mainly by a trivalent ion such as ferric iron) and 2) that nontronites have limited 
aluminum substitution for silicon in the tetrahedral layer (Newman and Brown 1987), an average unit cell 
formula for SRL202 glass-derived nontronite was estimated to be 
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Figure 9. Scanning Electron Micrograph of Fresh SRL202 Glass Particles 

Figure 10. Scanning Electron Micrograph of Agglomerated Sheets of Nontronite 
Crystals Formed from Weathered SRL202 Glass Particles 
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Figure 11. Higher Magnification Scanning Electron Micrograph of Nontronite Crystals 

Table 4. Analysis of Nontronite Crystals Formed 
from SRL202 Glass 

Analysis 1 1 ~2:; 2 11 1) Element (Oxide Basis) 1 (Wt"?) 

1.07 
6.00 
0.63 
9.53 12.05 
1.94 2.25 

2.88 I MgO 3.14 
MnO 2.57 

0.72 1.38 I SiOz 70.77 66.40 
Nio 

According to this estimated unit cell formula, -50% of the octahedrally coordinated sites in this 
nontronite are filled with ferric iron, and the principal exchangeable cation is sodium (-70% of cation- 
exchange capacity). The cation-exchange capacity of this mineral was calculated to be -1.56 meq/g. 
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3.2 Radionuclide Sequestration Experiments 

3.2.1 Radionuclide Substitutions in Phillipsite Phase 

The radionuclide-counting data indicated that -56% of 75Se, -85% of wTc, -49% of lZI, and -100% 
of 238U activities were associated with the solid phases (Table 5). The activities associated with the solid 
phase would indicate that radionuclides initially present exclusively in solution phase had been incorpor- 
ated into the secondary solid phases forming fiom the weathering glass. 

Table 5. Radionuclide Fractions Associated with Phillipsite Mineral 

1 Activity Partitioning I 7 5 ~ e  1 *Tc I '9 I u8U 1 
11 Total initial activity I 86.1 nCi I 42.5nCi I 116.6nCi 1 59.9nCi I 

Total solid-phase activity 48.3 nCi 36.2 nCi(") 56.9 nCi 59.9 nCi(a) 
Activity in phillipsite 56% 85% 49% 100% 

11 (a) Calculated on the basis of residual activity in solution. II 

Sequestration of radionuclides during glass weathering can occur as a result of either adsorption 
(exchange) andor precipitation of secondary minerals. The formation of secondary minerals may involve 
precipitation of either a pure or a solid solution phase. For trace components such as radionuclides, the 
precipitation reactions involve incorporation in secondary minerals as solid solution phases. Based on 
extensive studies and literature surveys, Barrer (1982) identified a number of mechanisms that result in 
incorporation of various ionic components into zeolite structures. 

0 isomorphous (similar coordination-related ionic radii) substitution for tetrahedral Si and A1 
occupation of cation-exchange sites 
substitution of fiamework oxygen by other anionic species 
entrapment as salt molecules in zeolitic channels and cavities. 

Each of these mechanisms was evaluated to assess the type of ionic incorporation that can account for 
the observed sequestration of 75Se, wTc, '=I, and 238u in the phillipsite structure (Table 6). 

The salt-molecule-entrapment mechanism requires very high concentrations of constituent ions. 
Because of the very low activities (trace concentrations) of radionuclides used in these experiments, it is 
unlikely that the radionuclides were incorporated into phillipsite in the form of salt molecules. Therefore, 
the evaluation matrix suggests that the most probable mechanisms for radionuclide incorporation in 
phillipsite are that 75Se and %Tc substitute isomorphically in tetrahedral sites because their ionic radii are 
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Table 6. Evaluation Matrix for Radionuclide Incorporation in Phillipsite Structure 

Isomorphous Substitution for 
Al and Si in Tetrahedral 

nuclide Coordination 
" ~ e  Possible; ionic radius 

compatible with Si 

*Tc Possible; ionic radius 
compatible with AI 

Anionic species; substitution 
not possible 

p8U Not possible; ionic radius 
incompatible 

- 
1251 

Na2Se04 molecule 

similar to Si and Al, 1251 substitutes for framework oxygen, and ='U (as the UO," species) occupies 
cation-exchange sites. The resulting unit cell formula of phillipsite as a solid solution of radionuclides 
can be represented as 

These substitutions in appropriate structural sites are indicated in a schematic structural diagram of 
phillipsite (see Figure 2). 

3.2.2 Radionuclide Substitutions in Nontronite Phase 

The radionuclide-counting data indicated that -28% of 75Se, -86% of 99Tc, -23% of 1251, and -100% 
of u'U activities were associated with the solid phases (Table 7). The activities associated with the solid 
phase would indicate that radionuclides initially present exclusively in the solution phase had been 
incorporated into secondary solid phases formed from the weathering glass. 

Table 7. Radionuclide Fractions Associated with Nontronite Mineral 
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As previously indicated, such sequestration of radionuclides can occur as the result of either adsorp- 
tion (exchange) and/or precipitation of secondary minerals. The mechanisms of ionic incorporation into 
structures of phyllosilicate minerals such as nontronite are very similar to the mechanisms observed for 
framework silicates such as zeolites, except salt molecule entrapment is not known to occur in phyllo- 
silicate structures. 

Therefore, three potential mechanisms (isomorphous substitution, cation exchange, and framework 
oxygen substitution) were evaluated to identify the type of ionic incorporation that can account for the 
observed sequestration of 75Se, wTc, IEI, and 238U in nontronite structure (Table 8). 

Table 8. Evaluation Matrix for Radionuclide Incorporation in Nontronite Structure 

Isomorphous Substitution for Al and 
Si in Tetrahedral and Fe(III) and Al 

Possible in tetrahedral sites; ionic 
radius compatible with Si 

Radionuclide in Octahedral Coordination 

Possible; ionic radii compatible for I both tetrahedral and octahedral sites 
*Tc 

Anionic species; substitution not 
possible 
Possible; ionic radius compatible for 
octahedral substitution 

1251 

usU 

Occupation of Cation- 
Exchange Site 

Oxyanion species @eo:-); 
cannot occupy cationic site 
Oxyanion species (TcOi); 
cannot occupy cationic site 
Anionic species (I-); cannot 
occupy cationic sites 
Oxycation species (vo,’?; 
can occupy cation-exchange 
site 

Framework Oxygen 
Substitution 

~ ~~ 

Oxyauion substituions not 
observed 
Oxyanion substitutions not 
observed 
Halide substitution possible 

Oxycation substitutions not 
observed 

The matrix in Table 8 suggests that the most probable mechanisms of radionuclide incorporation in 
nontronite are as follows: 

0 isomorphous substitution of 75Se for Si in tetrahedral sites 

0 isomorphous substitution of 99Tc for A1 in tetrahedral sites and/or for Fe and Al in octahedral sites 

0 framework oxygen replaced by 1251 anions 

isomorphous substitutions of 238U for Fe and A1 in octahedral sites and/or occupation of cation- 
exchange sites (interlayer and edge sites). 

The resulting unit cell formula of nontronite as a solid solution of radionuclides can be represented as 

( (u02),N~.9Ico.4)(T~u~e2.~l1.2Mg0.4Mno.4)(se,si7.ST~Al0.5)I*020(oH). 

These substitutions in appropriate structural sites are indicated in a schematic structure of nontronite (see 
Figure 8). 
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4.0 Conclusions 

Weathering of a sodium aluminosilicate glass (LD60) at 90°C with minor amounts of calcium, 
potassium, and boron resulted in the formation of a zeolite mineral, phillipsite, with an approximate 
composition of 

SEM observations of LD6 glass stored at room temperature indicated the phillipsite formation can occur 
under ambient conditions. In contrast, weathering of an alkali (lithium, sodium, and potassium) iron 
borosilicate glass (SRL202) at 90°C produced a phyllosilicate mineral, nontronite, with an approximate 
composition of 

@0.9&4)(Fe2.&11.2Mgo.4~.4)(Si7.5A10.5)02~(0~4. 

The weathering experiment conducted at 90°C on LD6 glass with radionuclide-spiked Hanford Site 
groundwater indicated that substantial fractions of the total activities were retained in the phillipsite 
structure: -56% of 75Se, -85% of 99T~,  49% of 12'1, and -100% of 238U. The most probable mechanisms 
of radionuclide incorporation in phillipsite were assessed to be the isomorphous substitution of 75Se and 
wTc for Si and AI in tetrahedral sites, substitution of 12'1 for framework oxygen, and cation-exchange site 
occupation of 238U (as the U O F  species). The resulting unit cell formula of phillipsite as a solid solution 
of radionuclides was estimated to be 

( (u02hNa3.4&.6)( S%Tc&4Si16)Iq020' 12H20- 

Weathering experiments conducted at 90°C on SRL202 glass with radionuclide-spiked Hanford Site 
groundwater indicated that significant hctions of the total activities were retained in the nontronite 
structure: -28% of 75Se, -86% of wTc, -23% of 1251, and -100% of usU. The most probable mechanisms 
of radionuclide incorporation in nontronite were assessed to be the isomorphous substitutions of 75Se for 
Si in tetrahedral sites and of 99Tc for A1 in tetrahedral sites andor for Fe and A1 in octahedral sites, substi- 
tution of 1251 for framework oxygen, and isomorphous substitutions of ='U for Fe and AI in octahedral 
sites andor occupation of cation-exchange sites (interlayer and edge sites). The resulting unit cell 
formula of nontronite as a solid solution of radionuclides was estimated to be 

( WO2) ~N*.9&.4)(TdJpFe2.&h 2Mg0.4Mno.4)(Se~Si7.5T~Al0~)I,020(OH)4. 

These results have some important implications regarding the radionuclide mobilization aspects of ILAW 
performance assessment. 
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Weathering of waste glasses at 90°C results in the formation of crystalline secondary phases such as 
zeolites and smectites. The types of secondary minerals that form depend on the chemical composi- 
tions of weathering parent waste glasses. Formation of these secondary minerals can also occur under 
ambient weathering conditions. 

Significant fiactions of radionuclides from weathering waste glasses can be sequestered by the 
secondary zeolitic and smectitic minerals that form relatively rapidly during the weathering process. 

The radionuclides sequestered in secondary zeolitic and smectitic minerals exist in the form of solid 
solutions; therefore, the rate of mobilization of radionuclides would be controlled by the kinetics of 
dissolution of these secondary crystalline minerals. 

The upper limits of radionuclide activities released from secondary crystalline minerals can be 
predicted from the equilibrium solubilities of secondary crystalline solid phases. 

Additional studies are needed to confirm these results and to develop an improved understanding of 
mechanisms of sequestration and attenuated release of radionuclides. Improved understanding of this 
phenomenon is expected to help refine certain aspects of the radionuclide mobilization part of the ILAW 
performance assessment. These additional studies include the following: 

types of secondary minerals that form from a range of specific glass compositions that would be used 
to stabilize nuclear wastes 

range of radionuclide substitutions that occur in secondary crystalline minerals 

kinetics of dissolution of radionuclide-bearing secondary crystalline phases under environmental 
conditions 

determination of upper limits of radionuclide activity in aqueous phase from studies of equilibrium 
solubilities of radionuclide-bearing secondary crystalline phases. 
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