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EXECUTIVE SUMMARY
.-

The objective of this research was to evaluate the effect of compositional uncertainties on the primary
processing and product performance criteria for potential glasses to stabilize the Tank 17.1 Am-Cm
solution. Given the feed composition (and its potential ~ 40% variation), the composition of the
25SrAES cullet, and the target feed loading range of 32 to 52 mass % (oxide basis), an experimental glass
composition region (EGCR) for Phase 2 testing was defined. In this study, glasses were fabricated (on
the laboratory-scale) and both processing and product performance properties were measured as a
function of glass composition. These properties were assessed against predefine constraints to define an
acceptable glass composition region (AGCR) in which all property constraints were simultaneously
satisfied.

An acceptable glass composition region (AGCR) has been identified in which all processing (viscosity
and Iiquidus temperature) and product performance (durability and recoverability) cnterix as currently
defined are met. The Phase 2 AGCR was only limited by the Iiquidus temperature constraint which
restricted the A(3CR to the fabrication of glasses containing e 63.5 mass 90 total Ln203 content (based on
target compositions) or< 62.5 mass YOtotal LnzOq content (based on measured compositions). If
compositions within the AGCR are processed, the risks of process upsets are minimized am the
likelihood of accepting the final glass product is increased.

Within the Phase 2 EGCR, most composition – property relationships are dependent upon the total
lanthanide oxide (Lnz03) content in the glass. There was no indication that the distribution of the
lanthanides or the degree of minor components impact either the processing or product performance
properties within the limits of the experimental design.
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1.0 INTRODUCTION

Approximately 11,000 liters (3,600 gallons) of solution containing isotopes of americium (Am)
and curium (Cm) are currently stored in F-Canyon Tank 17.1. These iiofopes were recovered
during pIutonium–242 production campaigns in the mid- and late-1970’s. The continued storage
of these isotopes in a liquid solution was identified as an item of primary concern in the Defense
Nuclear Facility Safety Board’s (DNFSB) Recommendation 94-1 [1]. An analysis of several
alternatives resulted in the recommendation to stabilize the Am-Cm solution in a high-lanthanide
glass [2]. The Multi-Purpose Processing Facility (MPPF) in the F-Canyon will be used for the
vitrification process. Pretreatment operations will be performed in existing canyon vessels to
separate actinides and lanthanides from other impurities (primarily iron, aluminum, and sodium),
reduce the solution acidity, and reduce the total volume of solution prior to the vitrification
operation.

A schematic of the vitrification batch process is displayed in Figure 1. In the vitrification
process, the Am-Cm feed from pretreatment is transferred to a reaction vessel. Actinide-and
Ianthanide oxalates are precipitated from solution with oxalic acid and then washed to lower the
nitric acid concentration. Oxalate precipitate is then transferred to a Pt/Rh induction melter,
which is preloaded with fritted glass-making additives. The resultant mixture is then dried and

heated to approximately 1450”C to produce a molten glass product in the induction hexed
Cylindrical Induction Melter (CIM). The glass is then poured through a drain tube into a stainless
steel cylinder. The proposed baseline vitrification batch process is described in detail by
Fellinger et al. [3,4], Marra et al. [5,6], Peeler et al. [7], and Vienna et al. [8].

W
(1)Am-Cm Material (3)Aqueous Decant

(2) 8 wt% Oxalic Acid
(4) O.1OM Oxalic (5) Aqueous Decant

Acid

&
Cyclone

- HEPA
- Building

Separator
Exhaust
System

Hood
(10) Off-Gas Treatment

To 0
(6) Precipitate Discharge to Melter O 0

0 0
0 0 Induction Heated

o 0 Pt-Rh Vessel
O Glass O
0 Fnt or O
0 Cullet O

l’00
0 0 Induction Heated

~ ~ Pt-Rh Drain Tube
(11 ) Draining to Canister

(7) Drying/Dehydration
(8) Calcination
(9) Vitrification

.- -

Figure 1. Schematic of the Batch Vitrification Process.
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For the vitrification campaign to be successful, a framework of knowledge sufllcient to control
the Am-Cm target glass composition within an acceptable processing window must be developed.
Compositional control is essential to ensure that target glass compositions have properties that
meet the MPPF melter processing requirements, the Oak Ridge National Laboratory (ORNL)
processing capabilities for recovery of the americium and curium and/or the product
requirements for interim or long-term storage or disposal. To develop such a knowledge base,
relationships between product and process properties and glass composition over the initial
anticipated composition region for the MPPF vitrification process were explored by the Savannah
River Technology Center (SRTC).[9] Specific composition – property relationships were
identified in this initial study (Phase 1) over the compositional range of interest. These
relationships were then used to define an acceptable glass composition region (AGCR) in which
glasses simultaneously met both process and product performance specifications. Most Phase 1
composition – property relationships were dependent upon the total Ln203 concentration in glass.

One of the major conclusions from Phase 1 was the potential to increase the feed loadings given
that the TL constraint could be safely increased. If increased feed loadings are obtainable while
satisfying the specific composition – property constraints, fewer canisters would be produced
translating into a shorter processing campaign. Therefore, one of the primary objectiv%~ for
Phase 2 focused on the impact of increased feed loadings on the specific process (viscosity and
liquidus temperature) and product performance (durability and recoverability) constraints.

The Phase 2 glasses were fabricated, and specific processing and product performance properties
were measured as a fimction of glass composition. These properties were assessed against
predefmed constraints to define an AGCR in which all property constraints were simultaneously
satisfied.1 The results of the Phase 2 composition - property relationships are described in this
document. Phase 2 was developed and executed [10,11] based on the Technical Task Request
(TTR) [12] as defined by the Nuclear Materials Stabilization& Storage (NMS&S) Division.

2.0 OBJECTIVE STATEMENT

The objectives of this research were two-fold:

(1) to evaluate the effect of compositional uncertainties on the primary processing and
product performance properties for potential glasses to stabilize the Tank 17.1 Am-
Cm solution and

(2) to identify the AGCR in which glasses simultaneously meet both process and product
performance criteria as defined for Phase 2 [12].

1It should be noted that the Phase 2 processing constraint for Iiquidus temperature was increased 100”C to
1350”C over that used in Phase 1. This was the only constraint that differed between Phase 1 and Phase 2.
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3.0 ~VIEW OF PHASE 1 ~ULTS

In Phase 1, the total lanthanide oxide (Lnz03) concentration in glass was_systematicaIly varied
between 38 and 54 mass percent along with its composition [13]. Thirty-one glasses were
fabricated and characterized in a joint SRTC and Pacific Northwest National Laboratory (PNNL)
effort. The results of this study are described in detail by Peeler and colleagues [9, 14] and

Vienna et al. [15, 16]. It was found that the variation in properties, such as density (p), Iiquidus

temperature (TL), and viscosity (q), could be described to Fwst order by the variation in Ln203
concentration in glass.

To provide the technical basis from which the Phase 2 test objectives were developed, only the
properties which impacted the definition of the Phase 1 AGCR will be discussed: T~ and q. The

qs of Phase 1 glasses were measured as functions of temperature (T). The q-T data were then
fitted to a VogeI-Tamman-FuIcher (VT)?) modek

B
lnq=A+—

T–TO
(1)

—-

where A, B, and To are temperature independent coefficients. Equation(1) was then used to

calculate a q at 1350°C (q 1350),which was considered the nominal melter operating temperature

during the Phase 1 study. The ql~~o values ranged from 1.24 pascal seconds (Pas) to 4.01 Pa-s.
The effect of LnzO~ concentration on In[q ,3SO]is shown in Figure 2.

Of the31 Phase 1 glasses, 10 failed the q constraint (3 -24 Poise at 1350”C).S All 10 glasses
have viscosities exceeding the 24 Poise upper limit. For those glasses failing the viscosity

constrain~ total target Ianthanide contents weres 43.75 mass % (corresponding to <25 mass %
feed loading). Based on measured Ln203 content, glasses containing at least 42 mass% total
Ln203 meet the viscosity constraint. The Phase 1 viscosity data indicated that feed loadings of at
least 30 mass % should be targeted in the vitrification batch process (no other properties being
considered). Based on these results, a lower bound on feed Ioadmg for the development of the
Phase 2 matrix was established.

With regards to liquidus temperature, two primary crystalline phases were found to precipitate

from the Phase 1 glasses, an aluminosilicate (AIS) with T= values ranging from 1164° to 1255°C

and a rare-earth silicate (RES) with TL values ranging from 1163° to 1298°C. There is a clear
distinction between the primary phase fields based on total lanthanide content alone (see Figure
3). For Lnz03 concentrations less than -43 mass% (measured), AIS was found to be the primary
phas~ glasses with higher Ln203 concentrations were determined to be in the RES primary phase
field. A minimum in T= is found at approximately -44 mass % Ln203, with increasing TL at both
higher and lower Lnz03 concentrations.

A weak correlation, based on low R2 values (as shown in F~gure 3), was found between TL and
Ln203 concentration for Phase 1 glasses in both primary phase fields. Within the AIS primary
phase field, as Ln203 concentrations (or low loadings) increase, a gradual decrease in T~ is

2 Throughout this report, the reference to lanthanide oxides (Ln203) refers to the oxides in the Ianthanide
(or rare earth) series (La, Ce, Pr, Nd, Sm, Eu, Gd, and Er) unless otherwise stated.
3 To convert Pa-see to Poise multiply by 10.
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observed. After transitioning into the RES primary phase field, increases in Ln203 concentration
(or loading) result in increases in T~.
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Figure 2. In (q1350)as a Function of Ln203 Concentration for Phase 1 Glasses.
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The Phase 1 AGCR was restricted based on the 1250”C Iiquidus constraint with7ofthe31 Phase
1 glasses exceeding this constraint. Unlike the viscosity constraint where only low loadings
caused glasses to be “unacceptable”, both high and low loaded glasses (i.&, in both primary phase
fields) fail the Phase 1 T~ constraint. The LnzOq concentration alone camot be used as the key
indicator over the entire experimental glass composition region (EGCR)4. However, one can use
the Ln203 concentration within each prima@ phase field. Based on the data within the AIS
primary phase field, one would eliminate the fabrication of 20 mass % loaded glasses.

In the IIES primary phase field, one would hope that glasses failing the 1250°C constraint would
be a part of a single target loading (i.e., 40%). Unfortunately, this is not thecase. Glasses
deemed “unacceptable” within the RES primary phase field span feed loadings from 35 – 40 mass
%. Based on the conservative T~ constraint (1250”C), a relatively large portion of the EGCR
would be eliminated in the definition of the AGCR. However, if the TL constraint were increased
to 1300”C, all Phase 1 glasses would pass and the AGCR would encompass the entire Phase 1
EGCR (based solely on T~ and ignoring uncertainties associated with the measurement).”

Based on the Phase 1 results an AGCR was identified in which glasses met both process and
product performance criteria. Figures 4 and 5 illustrate the Phase 1 AGCR definitions~ased on
the use of a 1250° and 1300”C TL constraint, respectively. The operational window is expanded
significantly by increasing the Iiquidus temperature constraint 50°C (i.e., from 1250° to 1300”C).
Given that the TL constraint could safely be increased to 1300”C, the operational window or
AGCR for the Phase 1 variability study is only limited by glasses at a 20 – 25 mass~o loading.
Those glasses did not meet the viscosity constraint as currently defined. In other words, all
glasses with feed loadlngs of >25 mass Yowould be acceptable from both a processing and
product performance perspective within the limits from which the Phase 1 matrix was developed
and tested.

As previously discussed, most Phase 1 composition – property relationships are dependent upon
the Ln203 concentration in the glass. There was no indication that the distribution of the
lanthanides impacts either the processing or product performance properties within the limits of
the experimental designs Peeler et al. [9] and Vienna et al. [15, 16] provide detailed discussions
of the Phase 1 results.

Based on Phase 1 data and given that the TL constraint could be safely increased, it was
determined that increased feed loadings (higher Ianthanide contents) were feasible. Therefore,
Phase 2 was designed to evaluate the potential for higher feed loadings (32 – 52 mass % loading
on an oxide basis or 49 – 64 mass % total Ln203) and the impact on the composition – property
relationships of interest. Although higher waste loadings where evaluated in Phase 2, the matrix
was designed to provide some overlap with Phase 1 as recommended by Peeler et al. [9].

4 The composition region as specified by the TTR [12] is referred to as the EGCR throughout this report.
In short, the EGCR bounds the compositional envelope in which glasses are expected to fall based on the
feed composition (and its variability) from a 2-wash scenario, the frit composition, and the target loadings.

5 It should be noted that the thermal reduction of Ce4++ Ce3+liberated 02 may have an impact on melter
processing. Vienna et al. [8] and Peeler et al. [7] provide more detailed discussions on this issue.

5
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4.0 DEFINING THE PHASE 2 EXPERIMENTAL GLASS COMPOSITIONAL REGION (EGCR)

Edwards [11] provides a detailed discussion on the definition of the PhasE 2 EOCR, the
objectives of the “phased” approach, and the strategy for selecting glasses within the multi-
dimensional composition space. As in Phase 1, three primary factors define the Phase 2 EGCR:

(1) the composition of the Am-Cm containing feed (its average and likely variation),
(2) the composition of the selected fit, and
(3) the target range for the feed loading (i.e., the feed’s percentage of the glass product

by mass). .,

The average composition of the feed has been estimated from the most recent measurement from
Tank 17.16 and associated material balance calculations.[17] The expected variation of each feed
component for the Phase 1 design (i.e., A20% of its average) dld not appear to have any negative
impacts on the specific Phase 1 processing or product performance properties within the design
limitations. Given this knowledge, it was recommended [9] that NMS&S expand the variation of
each feed component in the Phase 2 design (i.e., horn A20 to A40% of the average) to potentially
expand the compositional envelope over which glasses may be produced (i.e., to demonstrate that
larger uncertainties associated with pretreatment efficiencies and sampling and/or ana~~ical error
can be tolerated). Edwards [11] developed a “layered design” to evaluate both Y20% and A40%
variations of each oxide associated with the incoming Am-Cm containing feed. The nominal
actinide-bearing feed material and surrogate feed material on an oxide (mass %) basis are shown
in Table I.

Feed loadings in the glass are expected to fall within the interval of 32 – 52 mass % on an oxide
basis [12]. The major characteristic of the actinide bearing feed (shown in Table I) is the high
percentage of Ianthanide oxides and actinide oxides (> 99.82 mass% of the feed). Given the high
content of Ianthanides and actinides, there are obviously very few “impurities” (e.g., A1203,
Fe203, NiO, MnO, Crz03, etc) associated with this feed stream as a result of pretreatment
processes.

The concentrations of several Ianthanides (Th03, Dy203, H0203, Er203, Tm203, Ybz03, and
LUZ03) in the feed are analyzed as less than 1 mass % on an individual basis. Although the
components are shown on the most recent material balance flow sheets, their concentrations may
beat or below the detection limits of the analytical equipment. Assuming that these oxide
components are not present in the incoming actinide-bearing stre~ one can distribute their
questioned contribution (a total of 2.66 mass %) over the remaining major Ianthanide oxides (i.e.,
normalize by increasing each of the seven major Ln203 concentrations by 0.38 mass Yo). The
Phase 1 results [9, 14] indicated that most composition – property relationships or constraints
were driven by the total Ln203 concentration in glass, not the distribution of the Ln203s.7 Based
on these observations, the concentrations of the more prevalent Ln203’s were normalized so that

6 Rare earth analyses (La, Ce, Pr, Nd, Sm, Eu and Gd) were obtained from a cc:mail memo from M.R.
Nelson to W.H. Martin dated 4/23/98. Solution density, acid content and Fe, Ni and Cr analyses were
obtained from a cc:mail memo from S.L. Maxwell to R.H. Spires (TSD-ALA-98-0011) dated 2/26/98.
M.M. Jerath estimated the volume of solution in Tank 17.1 to be 10,551 liters from F-Canyon operating
data.
7 It should be noted that concentration of CeOz has been shown to have an impact on the processability
within the CIM (i.e., thermal reduction liberating 02 leading to a bed expansion during the conversion of
the batch materials to glass). [7, 8]

7
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the total Ianthanide concentration from the feed was represented by their values alone. The
surrogate feed material on which this study was based is also shown in Table I.

--

Table I. Average Actinide-Bearing Feed Material and Surrogate Feed
Material on an Oxide (mass%) Basis.

Oxide Actinide-Bearing Surrogate Feed
Feed Material Material
(Tank 17.3E)

Lanthanide Ofides
La20~ 15.05 15.43 ‘
ce203 12.94 13.32
Pr203 11.26 11.64
Ndz03 32.80 33.18
Sm,O. 7.49 7.87-–.
EUZ03 1.56 1.94
Gdz03 3.98 4.36
Tb203 0.36
Dy203 0.36
H0203 0.36
Er20~ 0.35 12.088
Tm203 0.53
Yb203 0.35
LU203 0.35
Actinide Oxides
AIn203 I 9.70 I
Cm203 2.38
Metallic Oxides
A1203 0.01 0.01
Fq03 0.03 0.03
MnO 0.14 0.14
Total 100.00 100.00

—-

For Phase 2, the feed loading range was primarily driven by two factors: (1) a balanced approach
of increasing feed loadings (or higher total Ln203 concentrations) while minimizing potential
processing risks in terms of exceeding an upper T~ constraint and (2) maintaining some degree of
overlap with Phase 1 for continuity. The first issue was addressed by the use of TL model
estimates or projections (based on the Phase 1 data as shown in Figure 3) in relation to the new TL
constraint of 1350”C. The use of model predictions based on total Lnz03 concen~ation to define
upper and lower loading bounds does have its limitations. First, the Phase 2 glasses will be
outside the compositional envelope on which the model was developed. Second, a linear
relationship within the RES primary phase field is assunied. Based on the target feed Ioadmgs
and total Lnz03 concentrations for Phase 2, it is assumed that all Phase 2 glasses will be based in
the RES primary phase field.

8 Er203 was substituted for both actinides (AIn203 and Cm203) on a straight mass % basis. As with most
programs involving radioactive materials, surrogates are used to expedite the development process and
minimize cost and schedule impacts. The challenge is to choose a surrogate that mimics the chemical and
physical response of the material properties of interest. Peeler and Reamer (WSRC-RP-97-00421) discuss
the use of Er203 as an Am203 and Cm203 surrogate.

8
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Although these two limitations exist, given the relationship between TL and total lanthanide
content for Phase 1 (see Figure 3), projections in TL space for Phase 2 will provide some measure
to avoid producing a large number of glasses with TL in excess of 1350”C. Knowing the .
limitations of the TL model, the Phase 2 design incorporated a few glasses with TL predictions
exceedhg the 1350°C constraint. Edwards [11] addressed the second issue (i.e., overlap between
Phase 1 and Phase 2) via the matrix design by including “replicate” glasses from the Phase 1
matrix.

The proposed frit composition for the batch vitrification process is based on a lanthanide
borosilicate glass and is referred to as 25 SrABS (SrO-A1203-B2.03-SiOJ. The target composition
of the 25 SrABS frit is given in Table II – no compositional change from Phase 1. The
nomenclature or reference to 25 indicates that this fit contains 25 mass % IA203. Therefore,

Laz03 has contributions from both the feed (-15 mass %; Table I) and the 25SrABS frit (25 mass
%; Table H).

Table K. Target 25 SrABS Frit Composition (mass %).

Oxide La203 A1203 BzOq SiOz SrO
Mass Fraction 25.00 24.87 13.54 33.68 2.91

Given the feed composition (and its potential ~ 20% and A 40% variation), the 25 SrABS frit
composition, and the target feed loading range of 32 to 52 mass % for the process, the EGCR for
Phase 2 wasdefmed.[11] Table III provides the bounding concentrations for the Phase 2 EGCR
for both the inner (*209Z0variation) and outer (~40910variation) layers.

Table HI. Compositional Bounds for Phase 2 EGCR Definition (mass %).

Oxide
La20~

Mass YoRanges for Fm

Inner Layer (t;
Lower
18.42
3.41
2.98
8.49
2.01
0.05
1.12
3.09
11.94
6.50
16.17
1.40

)’70 variation)
Upper
22.93
8.31
7.26

20.70
4.91
1.21
2.72

‘ 7.54
16.91
9.21

22.90
1.98

Loadings of 32 – 52 %

Outer Layer (*
Lower
16.81
2.56
2.23
6.37
1.51
0.37
0.84
2.32
11.94
6.50
16.17
1.40

)90 variation)
Upper
23.91
9.70
8.47

24.16
5.73
1.41
3.17
8.79
16.91
9.21

22.90
1.98

The bounding composition envelope represented by Table III does not account for some trace,
metallic oxides present in the material balance calculation (e.g., A1203, Fe203, and MnO as shown
in Table I). These trace, metallic oxides are present in such small quantities (0.01, 0.03, and 0.14
mass Yo, respectively) in the feed they were assumed not to have a significant impact on the

9
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properties of interest in the Phase 2 design. Although this assumption was valid in Phase 1, it
will be reevaluated in Phase 2 with the insertion of five glasses using a minor component “spike”
(based on a l-wash pretreatment scenario) as discussed in the next section.

5.0 SELECTING PHASE 2 GLASS COMPOSITIONS

The strategy for selecting glass compositions for the Phase 2 EGCR has been described by
Edwards [11]. Statistically, Phase 2 had three primary goals. The f~st was to establish the
measurement procedures (and their uncertainties) that are to be used to measure the properties of
interest throughout this study. The second was to assess the impact of compositional
uncertainties on the primary processing and product performance properties of glasses that cover
the EGCR. This second objective maybe more precisely stated as the goal of answering the

, questiow “Is there any indication that the properties of interest are unacceptable over any portion
of the anticipated experimental glass composition region?”

For Phase 1, the glass composition selection process did not (and was not intended to) allow for
an evaluation for discerning differences among the influences of the various components on the
properties of interest. Only the influence of the total Ianthanide content on these properties was
explored [9]. Therefore, the third goal of Phase 2 was to investigate the influences of~-e total
Ianthanide content and of each individual lanthanide on the various properties of interest. Even
though modeling the response of interest is not a primary objective of this variability study, the
process used to select glasses did yield compositions that do provide the opportunity to estimate
linear effects in the response(s) due to individual components in the glass.

Table IV identifies the 55 glasses selected for the Phase 2 design. The use of the AC2
nomenclature identifies this as Phase 2 of the Am-Cm variability study. As previously
mentioned, Phase 2 is a “layered design” intended to evaluate both HO% and *40% variations of
each oxide associated with the incoming Am-Cm containing feed. There are 16 unique
compositions that define the inner layer (AC2-O 1 – AC2-16) and 14 unique compositions that
define the outer layer (AC2-18–AC2-31). It is primarily from these 30 glasses that estimations
of linear effects in the response(s) due to individual components will be made. AC2-17 and AC2-
32 represent the overall centroids of the inner and outer layer, respectively. Glasses (AC2-33 –
AC2-41) representing feed loadings of 42 – 50 mass % (in 1% increments using the nominal feed
composition) were also included in tlie Phase 2 design as specified by Martin [12]. AC2-42 (32
mass % loading) and AC2-43 (37 mass % loading) were added to the Phase 2 design to obtain a
measure of reproducibility and to provide some consistency or overlap between phases. Five
glasses (AC2-47, AC2-48, AC2-49, AC2-50, and AC2-5 1) are replicates of interior points (AC2-
33, AC2-38, AC242, AC2-43, and AC2-44, respectively). AC245 and AC2-55 are specific
glasses to address the potential impact of additional oxygen liberation from Am and Cm due to
thermal reduction at high temperatures on the processability. Cerium oxide (known to reduce at
higher temperatures in this system [7, 8]) was used as the surrogate for both Am and Cm oxide in
these glasses. It should be noted that the true impact of this redox potential on processability can
only be evaluated in the full-scale CIM. Only the impacts to the priinary properties of interest in
this study will be addressed. Finally, AC246 was added to the Phase 2 design to represent the
AmCm-lA composition.g

9 The AmCm-lA composition was of extreme interest during Phase 1 which targeted a 47 mass Yofeed
loading or 60 mass % total LnzO~concentration.

10
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To evaluate the effect of minor metallic oxides on the primary processing and product
performance properties, five additional glasses were added to the overall Phase 2 EGCR design.
AC2-50 through AC2-54 are essentially replicates of AC2-33 (-47), AC2~38, AC242 (48),
AC2+3 (-49), and AC2-44, respectively, with the exception that these glasses have been “spiked”
with maximum levels of various metallic oxides (as shown in Table V). These glasses are
identified by an “*” in Table IV. The level of each minor component spike is considered an
upper or bounding value that the process may receive at the highest feed loading evaluated in
Phase 2 (i.e., +40% variation with a 52~0 feed loading based on a l-wash scenariolo). As the
properties of interest are explored for thk EGCR, the behavior of the spiked glasses relative to
their non-spiked replicates will be investigated. ,>..

Table V. Level of Metallic Oxides “Spiked” in Select Glasses (mass %).

Oxide FqOJ Nlo CrzO~ CaO Na20 KZO Mno
Mass 70 0.044 0.002 0.0Q7 0.001 0.005 0.002 0.002 -

Figure 6 shows the Phase 2 EGCR as defined by the 55 glasses within a compositional ternary.
The three components of the ternary represent the total target LazO~ content (LazO~ co~ii-ibutions
from both the feed and the frit), other frit, and other feed. Composition – property relationships
within the EGCR (represented by the outlined “box” in Figure 6) are to be evaluated as part of
this study. One of the primary goals of this study was to answer the question; “Is there any
indication that the properties of interest are unacceptable with respect to the predefmed criteria
over any portion of this EGCR’?”

10The concentration of each minor component listed in Table I is based on a two-wash pretreatment
scenario. Given that the concentration of minor components in the feed stream is related to the number of
pretreatment washes (i.e., each wash reduces their concenhation), allowing for and evaluating a higher
concentration of minor components may allow for a reduction in the pretreatment cycle time and costs.
The values shown in Table V are based on a l-wash scenario and assume a +40Y0variation and 52 mass%
feed loading. The concentrations of each minor component resulting from a l-wash scenario were obtained
from the TTR, Page 9 [12].

11
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F@re 6. Phase 2 EGCR as Defined by Target Glass Compositions (mass fraction).
+ – outer layer extreme vertices (+40%); x – inner layer extreme vertices (220%); y – specific

compositions using average feed composition, other symbols represent overall centroids, Cc-spiked
glasses, and the Am/Cm-lA glass.

6.0 PREDEFINE ACCEPTANCE CRITERTA

To ensure that the glass is both processable and meets product performance specifications, the
criteria established and implemented for the Phase 2 study were utilized. [12, 13] These criteria
focus on processing (liquidus temperature and viscosity) and product performance (durability and
recoverability) issues and are to be used to define the AGCR based on composition – prope~
relationships for the 55 Phase 2 glasses. That is, for a glass to be “acceptable” and fall within the
AGCR, it must comply with or meet all constraints simultaneously. Each of the Phase 2
acceptance criteria is briefly discussed below.

6.1 PROCESSING CRITERIA

VISCOSITY
This constraint has been defined by a viscosity (q) range (3 – 24 Poise) at a given
temperature ( 1350”C) based on thermal modeling and calculations of continuous and
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non-continuous pour streams. 11 Viscosities exceeding the upper q 1350limit will be
considered less than optimal due to the potential to result in a non-continuous pour stream

(considered to be <8 kg/h). .-

LIQUIDUS TEMPERATURE(T~)
Llquidus temperature is defined as the maximum temperature at which equilibrium exists
between the molten glass and its primary crystalline phase.[18] If the melt temperature is
above TL, crystallization will not occur eliminating potentially negative impacts to melter
processing. If the melt temperature is below T~ (or “cold” spots exist within the melter),
crystallization may occur and can impact processing (e.g., crystals may plug the drain
tube) and/or affect product performance (e.g., durability) if crystzd?itre present in the
final glass product. The nominal CIM operating temperatures are in the range of 1450”C.
To avoid the potential negative effects of crystallization within the melter, a Phase 2 TL
criterion of 1350”C was set. This provides a conservative 100”C differential between the
nominal lower melter operating temperature (1450”C) and the TL criterion. Therefore

Phase 2 glasses with TL’s < 1350”C will be considered processable within the CIM. This
is the only criterion that differs from the predefine Phase 1 constraints.12 It should be
noted that TL measurements provide very limited insight into the kinetics of
devitrification. The kinetics of devitrification for glasses spanning the Phase2.JN3CR
were not evaluated as part of this task. This data could be obtained via a separate study
or deduced in general from full scale CIM testing for specific processing conditions.

6.2 PRODUCT PERFORMANCE CRITERIA

RECOVERABILITY
To ensure that the product meets the current programmatic objective (i.e., recoverability
of Am-Cm at ORNL), a recoverabfity criterion was also defined. The recoverability
criterion is 98% of the total lanthanides must be recovered within 2 h using 8M nitric acid
with glass ground to -35 to +60 mesh (Tyler equivalent) and heated to 110”C [12]. All
Phase 2 glasses and a limited number (5) of Phase 1 glasses were tested.

DURABILITY
Durability of @e final waste form can also limit the composition space over which
glasses should be produced. That is, glass within a certain compositional space maybe
processable but may result in a nondurable product thus reducing the likelihood of
acceptance (if long-term storage or disposal becomes an option). To minimize the
potential “acceptance issue:’ durability as defined by the Product Consistency Test (PCT)
(ASTM C 1285-97) [19] will also be used to define the AGCR. Acceptance will be
based on a comparison of the normalized release rates of various Phase 2 glass
components to those limits of the Environmental Assessment (EA) [20] (with the

1I The relationship between flow rate and glass viscosity was obtained from an isothermal model of the
drain tube based on the extended Bernoulli and Poiseuille equations. The viscosi~ required to give an 8
kg/h flow rate was obtained for a given glass density, glass pool depth (head) and drain tube diameter and
length. It should be noted that the increase in nominal TMfrom 1350°C (Phase 1) to 1450”C (Phase 2) has
no impact on the viscosity constraint which is linked to the drain tube temperature.
12 The Phase 1 TL constraint (1250°C) was defined based on a nominal processing temperature (1350”C)
for the Am-Cm-1 (AC1-31) glass (30 mass % feed loading). Although this glass is processable at 1350”C,
the CIM is capable of much higher processing temperatures. The increase in nominal processing
temperature allowed for the relaxation of the TL constraint that was a limiting factor in the definition of the
Phase 1 AGCR.
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appropriate confidence limits applied). Normalized boron (B) release will be used as the
key indicator of durability although the release of other components will also be tracked.
Typically, Na and Li are also tracked, but the SrABS frit does not contain either Na or L1
and only Na exists in the feed stream and at an extremely low coricentration.

Table VI summarizes the processing and product performance criteria to be used to define the
AGCR for Phase 2. Other properties have been measured and reported for the Phase 2 glasses,
(e.g., homogeneity, room temperature density, high temperature density, and surface tension)
however, they will not be used to define the AGCR.

Although the AGCRS defined by both the Phase 1 and Phase 2 data are discussed, the primary
focus of this report is on the Phase 2 data reduction and definition of the Phase 2 AGCR. This
report does not attempt to provide a detailed discussion of the data reduction and/or model
development for both data sets.

Table VI. Phase 2 Composition – Property Constraints.

Property Phase 2 Constraint
Processing

Viscosity (q) 3 – 24 Poise at 1350°C —

Liquidus Temperature (TJ < 1350”C

Product Performance .
Durability NL [B] <16.695- 2cJ 03A limits)

as defined by the PCT
Recoverability 98% recovery of total lanthanides under

specific processing conditions

7.0 EXPERIMENTAL

The data generated for the Phase 2 variability study were accomplished via a joint effort between
the SRTC and PNNL. This work was performed according to applicable DOE/RW-0333P
Quality Assurance Criterials at both laboratories. Data collected and reported from PNNL were
acquired under a PNNL Quality Assurance (QA) Progr~ SNF-70-001. A specific QA Plan
Checklist for PNNL Project 30306, High Temperature Viscosity and T= for Am-Cm Variability
Study, was developed and utilized by PNNL. The QA Plan Checklist contains the QA
implementing procedures; part of the PNNL Spent Fuel Nuclear Fuel QA Program was also
applied to this study. Quality assurance oversight within PNNL was provided by a Quality
Engineer matrixed to this work from the independent Process Quality Department. Additional
surveillance was provid~ by the SRTC QA staff as documented in Surveillance Report 99-SUR-
11-020 [21]. This section describes the experimental procedures, test equipment, and application
of standards to generate the required data.

‘3 As defined by the DOEIRW-0333P Quality Assurance Program.
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7.1 GLASS FABRICATION

Table IV identified the 55 Phase 2 glasses prepared for this study as well as the unique
nomenclatures used (i.e., AC2 series). Each batch was prepared (to prod~ce 450 grams of
g1ass14) from the proper proportions of reagent grade chemicals using SRTC technical procedure
“Glass Batch Preparation Procedure – GTOP-3-O03’’.[22] Weigh sheets were filled out as the

materials were weighed. IS It should be noted that the use of reagent grade chemicals will not
allow for an evaluation of certain processing issues that have been of interest in the development
program (i.e., volume expansion and/or high temperature bubble formation which typically
require oxalate precipitate and frit as raw material sources). [7, 8] These issues will be evaluated
in separate tests performed in the CIM pilot facility. -..

Once batched, these glasses were melted using a standard thermal heat treatment. In general, the
raw materials were thoroughly mixed and placed into a Platinum/5% Rhodium 600 rnL crucible.
The batch was subsequently placed into a high temperature furnace and the temperature was
increased at - 4°C/minute to 1450”C. After an isothermal hold at 1450”C for 0.5 h, the crucible
was removed and the glass was poured onto a clean stainless steel plate and allowed to air cool.

Based on a recommendation from the Phase 1 report [9], the melting procedure was a~~red or
modified to minimize potential chemical composition gradients within the “as-fabricated”
glasses. Compositional gradients in the pour patty may have introduced additional measurement
error for some of the Phase 1 property measurements (in particular TL as several small
subsamples were obtained for the isothermal heat treatments). To minimize this potential effect,
the initial pour patty was ground in a tungsten carbide (WC) mill for approximately 2 minutes.
The crushed glass was subsequently transferred to its original Platinum/5% Rhodium 600 rnL
crucible for a second melt at 1450”C. After an isothermal hold at 1450”C for 0.5 h, the crucible
was removed and the glass was poured onto a clean stainless steel plate and allowed to air cool.
It should be noted that the objective of both Phase 1 and Phase 2 was to measure specific
composition – property relationships within a specific compositional envelope not to simulate
melting conditions within the CIM.

Approximately 400 grams of glass was removed (poured) from the crucible while -50 grams
remained in the crucible along the walls. The pour patty was divided into the appropriate
quantities for each property measurement. Glasses were stored in marked containers (using the
unique AC2 nomenclature as defined by Edwards [11]) and either shipped to PNNL (for viscosity
and Iiquidus temperature measurements) or retained at SRTC (for homogeneity, chemical
composition, density, PCT, and recoverability measurements). As appropriate, chain-of-custody
forms were used to track samples.

#

WSRC-TR-99-00393
Rev. O

.-

*4The 450 gram batch would produce enough glass from which all processing and product performance
properties could be measured. The use of a single batch would minimize uncertainties associated with
batch to batch variations than if smaller individual batches were produced for each property measurement.
Glasses supplied to Monarch Analytical Laboratories for high temperature density measurements were
batched and melted separately due to the quantity of glass required.
15Weigh sheets can be found in the following WSRC notebooks: WSRC-NB-98-OO21O and WSRC-NB-
99-0004.
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7.2 PROPERTY MEASUREMENTS

7.2.1 CHEMICAL COMPOSITION ANALYSIS
.-

To confirm that the “as-fabricated” glasses corresponded to the defined target compositions (as
shown in Table IV), a representative sample from each “as-fabricated” AC2 glass was submitted
to the SRTC Mobile Laboratory (SRTC-ML) for chemical analysis. Edwards [23] provided an
analytical plan that accompanied these samples. This plan identified the cations to be analyzed
and the dissolution tecfilques (i.e., sodium peroxide fusion or lithium-metaborate flux) to be
used. Each glass was prepared in duplicate by each of the dissolution techniques. Concentrations
(as mass %) for the cations of interest were measured by Inductively Coupled Plasma-Atomic
Emission Spectroscopy (ICP – AES). The analytical plan was developed in such a way as to
provide the opportunity to evaluate potential sources of error. The results were evaluated to
confirm that the target glass compositions were adequately met. To assess the performance of the
ICP over the course of these analyses and for potential bias-correction needs, multi-element rare
earth solution standards were intermittently run. The standard solutions16 were matrix matched to
approximate the elemental concentrations (in ppm) in solution upon dissolution of the outer layer
centroid glass (AC2-32) for both the NazOflaOH/HCl and LiBO~03 fusions.

7.2.2 HOMOGENEITY
—

Although visual observations for homogeneity were performed and documented17, representative
samples from each “as-fabricated” glass were submitted to SRTC Analytical Development
Section (ADS) for X-ray diffraction (XR.D) analysis. This analysis would be used to confirm
visual observations of homogeneity within a given detection liit based on the run conditions of
the diffractometer. Samples from the Phase 2 test matrix were run under conditions allowing an
approximate LO vol% detection knit. That is, if crystals (or undissolved solids) are present at 1.0
vol% (or greater) the diffractometer will not only be able to detect these crystals but will also
allow a qualitative measure (i.e., determine the type of crystal present). Otherwise, a
characteristic amorphous hump indicative of a homogeneous glass product would result. Run
conditions for the X-ray diffractometer were consistent with those used in Phase 1.

7.2.3 DENSITY

Room temperature density for each Phase 2 glass was measured by buoyancy (Archimedes
method) and gas pycnomet.ry. Density measurements by buoyancy in water were performed
using technical procedure “Glass Density Using the Mettler AT400 Balance - GTOP-3-1O5’’.[24]
A representative glass sample (-5 gram monolithic sample) was selected from each pour patty for
this measurement.

Gas pycnometry measurements were performed using technical procedure “True Particle Density
Measurements – GTOP-3-1O8’’.[25] Glass that had been ground and sieved (-200 mesh) for the
PCT measurement was used for density measurement. The gas pycnometry density
measurements were performed with a Quantachrome Multipycnometer using nitrogen gas, N2.
reference cell of known volume (VRf) was filled with nitrogen and the gas pressure (PI) was
measured with a transducer. The gas was then allowed to expand into another cell of known

A

.-,

16High Purity Chemicals, Charleston, SC
17For visual observations of homogeneity refer to WSRC-NB-98-00208.
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volume (VC) that contains the ground glass powder to be measured. The pressure was again
measured and the volume of the glass calculated from Equation (2):

v =v=- Vref[(#-1] - (2)

The volume was then divided into the mass of the glass to calculate density. The manufacturer

claims an experienced operator should obtain a precision of A 0,3 %.

High temperature and annealed (room temperature) density measurements were performed on a
limited number of glasses (AC2-33M, AC2-35M, AC2-37M, AC2-38M, AC2-39M, AC241M
and AC2-44M) by Monarch Analytical Laboratories, Inc. to support thermal modeling efforts. Is
These glasses spanned feed loadings of 32 – 52 mass % using the nominal feed composition.
Annealed glass density was measured using ASTM C 693.[24] Prior to the measurement,
samples were annealed at 650°C for 30 minutes..

Monarch also determined the molten glass density as described by Shartsis and Spinner [26]. In
general, the determination of molten glass density for all seven samples was limited at the lower
temperatures by viscosity and/or the formation of a surface “scum” (probable crystalline
material). At the higher temperatures, Monarch reported the deposition of gas bubbles~e.g.,
oxygen liberated from the high temperature reduction of Ce02) on the test bob which limited the
higher temperature to which some samples could be tested and valid data reported.

Monarch also measured surface tension of these seven AC2 glasses using the “Drop-Weight”.
method.[27] Glass compositions dld not lend themselves well to drawing test fibers by
flameworking, so fibers were drawn from the melted glass after the molten density test was
completed.

7.2.4 VISCOSITY

Glass qs were measured as functions of T using a spindle viscometer. The measurements were
obtained in accordance with the procedure ASTM C 965, “Standard Practice for Measuring
Viscosity of Glass Above the Softening Point,’’[28] using PNNL procedure GDL-VIS, Rev. 1,

“Standard Viscosity Measurement for Vitrified Nuclear Waste.” The q data were evaluated and
fit to either single or multiple Arrhenius functions:

lnq=E+F/T (3)

where E and F are T-independent coefficients. Many lnq-1/T curves showed nonlinear behavior,
which is mre in silicate glasses and was not observed in the Phase 1 study. Therefore, great care

was taken in the analyses of q-T data for each glass. Any q data points obtained at temperatures
below the measured T~ were not considered in the calculation due to the potential impact of

crystals on q. To obtain the most useful information for these glasses, data were collected at qs
below the limit for the viscometer’s current setup. Viscosity values below 0.549 Pas (5.49

Is These seven glasses were batched and melted separately due to the quantity of glass required. These
glasses are identified with their target AC2 identifier followed by “M’ to signib Monarch. Small batch-to-
batch chemical variations may be expected relative to their counterpart Phase 2 glasses. The Monarch
work scope was not performed under the Quality Assurance criteria of RW-0333P since these data were
only to be used to support thermal modeling efforts and were not used to define the AGCR.

1s
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Poise), In[q(P&s)] = -0.600, were listed for information only and were not used in any
calculations. [29] FinaIl y, the Inq - lfl curve was evaluated for linear trends. In many cases, a

single line accurately described the Inq-lfl behavior (the glass behaved iu an Arrhenian fashion),
and in other glasses (nonlinear), it “did not. For the nonlinear glasses, the q 1350was interpolated
from the measured data at T closest to and on either side of 1350°C with Equation (3). In some

cases, there were insul%cient data to interpolate the q 1350;in these cases, the value was obtained
by extrapolation of the available data or was not estimated at all if less than two data points were

available. The exact steps used to determine the q-T function and q 1350are described by Vienna
et al. [29] for each Phase 2 glass.

To validate the glass q data, the q of a standard glass was repeatedly measured. Bach measured
-,,

q-T relationship of the Standard Reference Material (SRM) for high-temperature q (SRM-710a)
[30] was referred to as a run. Samples of this glass were tested at the beginning (Val-01) and end
of this study (Val-03) and twice during the study (Val-Ola and Val-02) for a total of four runs.
The q-T data from each run were fitted to the VTF model (Equation 1), and the within-run data
variability was estimated using the uncertainties associated with these fits. The between-run
variability was estimated by pooling q data from similar temperatures (within 1°C). To estimate
the correct degrees of freedou a method called the “Satterwaithe” procedure [3 1] was employed
for each model. This procedure pools the estimates and their degrees of freedom to prZNide an
estimate such that the uncertainties can be combined. The estimate of total variance is the
combination of the between-run and within-run variances. Vienna et al. [29] provide a detailed
discussion of the validation data using the SRM glass.

7.2.5 LIQUIDUS TEMPERATURE (TJ

T= was measured following Method B of PNNL technical procedure GDL-LQT, “Standard Test
Methods for Determining the T= of Waste Glasses and Simulated Waste Glasses:’ Rev. 1. A run
order was not used for determining TL for individual samples due to time constraints, but samples
were grouped together in furnaces operating at a specific temperature. The final measurements
used to determine TL were confined to one of three validated furnaces to prevent differences of
temperature profiles between furnaces from biasing results. Additional heat treatments
(considered preliminary) in alternate fhrnaces have been reported elsewhere (Vienna et al. [29]);
however, these measurements were not used in final TL determination.

As glass samples were received, they were logged and analyzed by optical microscopy (OM) for
crystalline material or inhomogeneities. The TL test samples were crushed in a tungsten carbide
milling chamber, sieved to capture 4.0 to 0.5 mm grains, ultrasonically washed for 2 minutes in
ethanol, and dried at 90°C following the technical procedure. Each glass sample had its own
platinum crucible (approximately 1.27 cm3) and lid, which were cleaned between heat treatments,

Samples were heat treated for 24 t 2 h in calibrated and temperature-profiled I%rnaces.

Each glass was initially tested with three to nine preliminary heat treatments, which narrowed the
temperature range in which TL would be determined and reported. The initial preliminary heat
treatments were at roughly 1200°C, and new samples were heat treated at progressively higher (or
lower) temperatures in roughly 20°C to 50°C intervals until the heat-treated glass sample
appeared crystal free by low magnification OM. Based on these results, the temperature
difference between the lowest temperature at which samples did not form crystals (TJ and the
highest temperature at which samples did form crystals (TC) was narrowed. Data were then
collected on the samples tested near the temperature region of TL using one of three calibrated

19



Immobilization Technology Section WSRC-TR-99-O0393
Savannah River Technology Center Rev. O
Westinghouse Savannah River Company

Del Techw furnaces (i.e., final TL determinations). The furnaces were profiled for temperature

..— .

differences in the hot zone where samples were heat treated using certified thermocouples and
calibrated thermocouple readouts.

--

The method was validated by heat treating SRM-773 TL Glass from the National Institute of
Standards and Technology (NIST) at the beginning, middle, and end of the test period. SRM-773

glass has a reported TL of 988°C + 3°C for Method A, the trough-type platinum container test,

and 991°C * 5°C Method B, the perforated platinum plate test.[32] A different method was used
than what is described in the SRM-773 certificate. To summmize the validation tests in each

furnace with SRM-773 glass, Furnace #3 had a TL of 989°C (beginning), 988°C (mid), and 987°C

(final), Furnace #8 had TL of 988°C (beginning) and 986°C (final), and FuAface #12 had a T~ of

990°C (beginning), 989°C (mid), and 985°C (final). Furnace #8 was used mainly for preliminary
tests; therefore, only two validation tests were performed during its six w=ks of use for final TL
measurements.

Crystals were identified by OM (at magnifications as high as 500x), X-ray diffraction (XRD), and
SEM, accompanied by energy dispersive spectroscopy (EDS), to characterize the chemical
composition of analyzed samples. XRD and SEIWEDS were used for phase identification of
those crystals observed by OM. Familiar phases observed by OM were not repeatedly-
characterized with XRD or SEM. Some of the samples that were used for XRD and scanning
electron microscopy (SEM) came from the initial heat treatments because the samples near TL did
not have sufficient crystal-number density and crystal size for useful microstructural analysis.
Care was taken to ensure that the crystals analyzed matched those found at TL.

7.2.6 DURABILITY

The Product Consistency Test (PCT) was performed on each glass to assess chemical durability
using technical procedure “Nuclear Waste Glass Product Consistency Test (PCI’) Method –
GTOP-3-025’’.[19] The PCT was conducted in triplicate for each Phase 2 glass. Also included in
this experimental test matrix were the Environmental Assessment (EA) glass, the Approved
Reference Material (ARM-1) glass, and blanks. Samples were ground, washed, and prepared
according to procedure. Fifteen (15) mL of Type I ASTM water was added to 1.5 grams of glass
in stainless steel vessels. The vessels were closed, sealed, and placed into an oven at 90 t 2°C.
Samples were left at 90°C for 7 days. The resulting solutions were sampled (filtered and
acidified), labeled (according to the analytical plan), and analyzed. Edwards [33] provided an
analytical plan for the SRTC-ML analysis. The overall philosophy of this plan was to provide an
opportunity to assess the consistency (repeatability) of the P(T and analytical procedures in the
effort to evaluate chemical durability of the Phase 2 glasses. Normalized release rates were
calculated based on both target and measured compositions.

7.2.7 ~COVERABILITY

The recoverability criteria for each Phase 2 glass and five selected Phase 1 glasses (AC1-02,
AC1-03, AC1-05, AC1-06, and AC1-10) were assessed by technical prmedure GTOP-3-1O4,
Rev. 1,’’Recovery of Various Elements from a Waste Form.’’[34] In general, 0.25 &of -35 to +60
mesh (Tyler equivalent) powdered glass was placed into a clean dry 50 mL Teflon vessel. For

each glass, five vessels were used to assess the recoverability as a function of time (0.25, 0.5, 1.0,
2.0 and 4.0 h). Ten (10) XI-Lof 8M HNOJ were transferred by pipette into each vessel. The
vessels were then sealed and placed into an oven at 110”C. After the specified time, the vessels

Z()
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were removed from the oven, allowed to cool, and the contents were transferred into 200 mL
volumetric flasks. The flasks were diluted to volume with deionized water. Ten (10) mL samples
of the 5 solutions for each glass formulation were removed using a sterile plastic syringe. A 0.45
~m filter disk was then attached to the syringe and the sample expelled ‘in_oa plastic sample
bottle. The solutions were then submitted to the SRTC-ML for analysis using the analytical plan
provided by Edwards [35].

8.0 RESULTS AND DISCUSSION

8.1 CHEMICAL COMPOSITION
The measured compositions for the Phase 2 glasses, along with standards (EA, ARM-1, and the
multi-element rare earth solution standard) that were included in the plan used by the SRTC-ML
[23] in conducting these analyses, are provided in Appendix A. Table A.1 provides the results
(raw data) for Ca, Cr, Fe, Mn, Nl, and Sr that were obtained using the lithium-metaborate
dissolution method. Table A.2 provides the results (raw data) for Al, B, Ce, Er, Eu, Gd, La, Nd,
Pr, Si, and Sm that were obtained using the peroxide fusion dissolution method. Table A.3
provides the results (raw data) for K and Na that were obtained using the lithium-metaborate
dissolution method. The measured cation concentrations and the corresponding oxide
concentrations are provided for the Phase 2 glasses and for various standards (samples_o~ EA and
ARM-1 were included for both dissolution methods and samples of the rare earth standard
solution were included with the glass samples prepared using the peroxide fusion dissolution
method).

Plots of the oxide measurements derived using lithium-metaborate preps (except KZO and NazO)
are provided in Exhibit A. 1 of Appendix A, those derived using peroxide fusion in Exhibit A.2,
and those for K20 and Na20 in Exlibh A.3. There appears to be consistency among the replicate
measurements of these samples, and no obvious outliers were seen in these data. Thus, all
concentration values for each oxide were averaged to determine the concentration of that oxide in
a given glass. However, as noted in the tables of Appendix A, it is believed that AC2-30 and
AC2-53 were inadvertently switched during the batching or melting procedure. During the
screening of the data, this problem was identified via a comparison of the various rare earth
oxides (target vs. measured). The values for these two glasses were identified as “fliers”.
Subsequent chemical analyses were performed to veri~ the measured compositions of these
glasses.lg Their respective data have been corrected in the tables and exhibits of Appendix A and
throughout remainder of thk report.

The results for the standard glasses and multi-element rare earth standard solutions for each
analytical block were reviewed. Exhibh A.4 in Append~ A provides plots of the elemental
concentration measurements (in wt%) by analytical block for the rare earth standard solutions.
The “known” or reference concentrations for these elemental are also provided in this exhibit.
The standard solution was produced to closely match the chemistry of the centroid glass (AC2-
33) once dksolved. The average measured values for the standard solutions compare very
favorably to their corresponding reference values. In any event, however, these values were
subsequently used to bias-correct the measurements of the Phase 2 glasses for each block for each
analyte acquired using peroxide fusion. The values for EA were used to bias-correct for each
analyte acquired using lithium-metaborate. Comparisons among the target, measured, and blas-
corrected compositions indicated that no appreciable improvement was obtained by representing
the compositions of the Phase 2 glasses by the bias-corrected measurements. Therefore, in thk

19A more detailed analysis is provided in WSRC-NB-99-00004 (pp. 51 – 62).
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document comparisons and analyses of the phase 2 glass compositions are limited just to their
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measured and target values.

Exhibit A.5 in Appendix A provides the details of a statistical (paired) ctimparison of the target
versus measured values for all of the glasses of this test (including EA and ARM-1) for all of the
oxides as well as the sum of lanthanides and the sum of oxides. The results indicate a statistically
significant difference (at a 5% significance level) between the measured and target compositions
for all oxides except @O~, GdzO~, NdzOJ, and Sm20~.

Exhibit A.6 in Appendix A provides the details of a statistical (paired) comparison of the target
versus measured compositions for just the Am/Cm Phase 2 glasses for all of the oxides as well as
the sum of Ianthanides and the sum of oxides. The results indicate a statistically significant
difference (at a 5% significance level) between the measured and target compositions for all
oxides except Q03, EU203, Gd203, Ndz03, Sm203, and the sum of Ianthanides.

Table A.4 in Appendix A provides comparisons between the target and measured compositions
for each oxide of interest for each glass. The percent relative difference (% Rel Dif) between the
measured and target values for each of these comparisons is also provided. In addition, the
minimu~ average, and maximum of the relative differences over all of the glasses are~rovided
for each oxide in Table A.4, and this information is repeated in Table VII. It should be noted that
the relative differences for CaO, Cr203, F~03, K20, MnO, and Na20 are large due to the
extremely small quantities of these minor components in glass.

Table VII. Mlnimu~ Average, and Maximum Percent Relative Differences
Between Target and Measured Concentrations by Oxide for the Phase 2 Glasses.

A120J BZ03 CaO Ce203 Crz03 Er203 EU203 Fez03 Gdz03 K20
Min -14.9% -11.970 -0.1% -37.0% 213.2% -9.7% -11.0% 22.9% -37.7% 4417.3%
Avg 3.1% -2.of?zO 2592.6% 1.770 213.270 4.6% 3.6% 71.oyo 2.170 4417.3%
M& 15.2% 10.0% 4937.1% 14.2% 213.270 136.0% 44.3% 93.3V0 14.3% 4417.3%

Total
La203 MnO NazO Ndz03 Nlo Pr203 Si02 Smz03 SrO Lanthanides

Min -15,070 128.8% 0.4% -15.4% 2.1‘zO -13.170 -5.l~o -28.6% -6.5% -8.0%
AW 1.770 995.8% 3891.1% -0.5% 2570.7% 9.6% 3.0% -1.7910 2.270 5.9%
M& 10.7% 2197.8% 6350.2% 51.5% 8187.2% 144.4% 12.7% 12.8% 13.4% 229.6%1

Some additional observations regarding the target versus measured compositions are warranted.
The comparisons provided in Table A.4 for AC2-21 indicate relative differences for the rare earth
oxides for this glass that are consistently greater (in absolute value) than those of any of the other
Phase 2 glasses. The composition of AC2-21 was remeasured but the lanthanide variation was
still quite huge. It should also be noted that the Ce02 value for AC2-52 (target = 4.26 wt%) is at
or below detection limit (e 0.5 wt%) which was confirmed on a second analysis. An
investigation of this discrepancy led to a discovery of an error that occurred in batching (i.e., no
Ce02 was added to the batch sheet for this glass). Also, note that the measured Er203 value for
ARM-1 in Table A.4 is substantially larger that the indicated target value (3.4 W% versus 0.0
wt%). The historical composition information for ARM-1 did not include the oxide Er203 but did
accofint for.only about 98.8% of the total oxides of this glass. Thus, the assumed target value of
0.0 wt% may not be accurate, and the measured value may reflect the true concentration of this
oxide in ARM-1.

22

. . . —.. .—— . .



Immobilization Technology Section WSRC-TR-99-O0393
Savannah River Technology Center Rev. O
Westinghouse Savannah River Company

..— -

Overall, the agreement between the target and measured concentrations for each of the rare earth
oxides shows an improvement over that seen in Phase 1 [9]. Exhibit A.7 in Appendix A provides
another comparison for these values: plots of target versus measured concentrations for all glasses
for each oxide, for the sum of lanthanides and for the sum of oxides. - -

The sum of oxides is an important indicator of the reliability of the composition measurements
for all of the study glasses, and an additional indicator for the Phase 2 glasses is the sum of
Ianthanides. Comparisons of these measured values to their corresponding targets are provided in
Exhibhs A.5 – A.7. Figure 7 provides a closer look at the sum of oxide values for the Phase 2
glasses (in the form of a histogram). A substantial portion (-22%) of these values is above 105%,
a value often used as the upper bound for reliable measurements. -..,

Relative Frequency

95
lW Sumof Oxides 105 110

Figure 7. Histogram of the Sum of Measured Oxides for the Phase 2 Glasses.

Exhibit A.8 in Appendm A provides comparisons of the compositions of the duplicate glasses of
Phase 2. There are five sets of duplicate glasses as indicated in Table IV. These sets were
sequentially numbered 1 through 5 for the analysis in Exhibit A.8. For each oxide (even the
minors) a plot of the measured concentrations is provided, and “pooled” estimates of the standard
deviation and percent relative standard deviation of the repeats are calculated. Table VIII
provides a summary of these relative standard deviations for the Ianthanides, alumina, boron, and
silica.

The values of this table (except for B20~, Ce203, and La203) are consistently better than those
seen for the repeats of Phase 1. Only the large relative standard deviation for the Ce203 is of
concern, and it appears to be due to one of the repeats for group #3. The measured Ce203 value
for glass AC2-55 is much different from (i.e., much lower than) the target (see Exhibit A.7 in
Appendix A).
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Table VIII. Summary of the Relative Standard Deviations
for the Lanthanides, A1203, B203, and SiOz.

% RelativeStandard - -
Oxide DeviationfromDuplicates
AI,O, 3.3%
B;O; 5.3%

C%03 38.0%
Er203 3.870
EU203 5.2%
Gdz03 5.8%
La~o~ 3.5%
Ndz03 5.0%
Pr203 5.0%
SiO* 3.4%

Sm20~ 4.0%

-..

Another means of comparing the target versus measured compositions of the Phase 2 glasses is
provided in Figure 8, a ternary plot in measured-space of LZ1203,the other feed components, and
the other frit components. In this ternary, the target EGCR is outlined as in Figure 6, but the
points are based on measured compositions of the Phase 2 glasses. The experirnentalTiiTgion
suggested by F@re 6 appears to be well covered by the measured region of F@re 8.

0.1 .6

0.7 0.65 0.6 0.ss 0.5 0.45 0.4 03s 0.3

Other Frit (measured)

Figure 8. Phase 2 EGCR as Defined by Measured Glass Compositions (mass fraction).
+ - outer layer extreme vertices (t40%); x - inner layer extreme vertices (HO%); y - specific

compositions using average feed composition other symbols represent overall centroids, Cc-spiked
glasses, and the Am/Cm-lA glass.
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Measured compositions of the seven glasses sent to Monarch for high temperature density and

... . -

surface tension measurements are shown in Table IX. As previously stated, the Monarch glasses
were batched and melted separately therefore slight compositional variation with their respective
AC2 counterparts (as shown in Tables A. 1, A.2, and A.3-in Appendix A~rnay exist.

Table IX. Measured Compositions of Monarch Glasses (mass %).

Oxide
Cr203
NiO

Fq03
Mn02
CaO
Sro

Na20
K20
B20~
SiOz

Er20~
Gd20~
La20~
Eu20~
Pr20~
A1203
Ce02

Nd20~
Sm20~
Total

8.2

AC2-33M
Mass %
<0.070
<0.020
<0.010
<0.010
<0.010

1.54
<0.150
<0.150

8.30
21.7
5.01
1.98
19.8
1.01
5.06
13.7
6.27
12.4
3.18
100

AC2-35M
Mass %
<0.070
<0.020
<0.010
<0.010
<0.010

1.56
<0.150
<0.150

7.40
19.1
5.13
2.00
20.4
1.06
5.20
14.2
6.51
14.2
3.48
100

HOMOGENEITY

AC2-37M
Mass %
<0.070
<0.020
<0.010
<0.010
<0.010

1.52
<0.150
<0.150

7.80
19.9
4.86
1.67
20.7

0.795
4.65
12.2
6.31
15.3
3.62
99.2

AC2-38M
Mass Yo
<0.070
<0.020
<0.010
<0.010
<0.010

1.50
<0.150
<0.150

7.72
18.6
5.39
2.26
21.0
1.24
6.15
13.2
7.32
15.7
3.79
104

AC2-39M
mass YO
<0.070
<0.020
<0.010
<0.010
0.018
1.41

<0.150
<0.150

7.31
18.3
5.98
2.30
20.7
1.17
6.41
13.1
7.65
16.4
4.00
105

AC2-41M
mass 70

‘ <0.070
<0.020
<0.010
<0.010
<0.010

1.38
<0.150
<0.150

5.69
15.7
5.70
1.97
20.0

0.988
5.57
12.3
7.47
16.7
4.27
98

AC2-44M
mass 90
<0.070
<0.020
<0.010
<0.010
0.021
1.36

<0.150
<0.150

7.17
_ 16.7

6.16
2.24
18.4
1.20
6.15
11.2
6.80
15.0
3.69
96

Although not used to define the AGCR, “as-fabricated” Phase 2 glasses were submitted to X-ray
diffraction (XRD) to confm visual observations of homogeneit~. All fifty-five Phase 2 glasse~
were homogeneous based on the XRD results.zo The XRD patterns for AC2-42 (-49 wt%
LnzOJ, AC2-26 (-52 wt% LnzOJ, AC2-15 (-55 wt% LnzOJ, AC2-35 (-58 wt% Ln20J, AC2-
39 (-61 wt% Ln20J and AC2-09 (-64 wt% Ln20J are shown in Figures 9 – 14, respectively.
These glasses span the 49 – 64 wt% total Ln20~ concentration evaluated in Phase 2. All six of
these XRD patterns show the characteristic amorphous hump indicative of a homogeneous (non-
crystalline) product. That is, if undissolved solids and/or crystallization were present in the
sample, welldefined or distinct peaks would be observed which could be used to identify the
crystalline phase. It should be noted that the X-ray diffractometer used in this study has a
detection limit of approximately 1.0 vol% in glass. Undissolved solids and/or crystallization
present below this limit remain undetected by the XRD unit.

20 XRD patterns for all fifty-five Phase 2 glasses are characterized by an amorphous hump indicative of a
glassy, homogeneous product within the detection limits of the x-ray diffractometer (see Appendix B).
Note, the absence of well defined peaks does not provide an indication of chemical homogeneity, but
simply the absence of crystalline material.
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As previously noted, these glasses were produced from reagent grade oxide raw materials not the
oxalate / frit mixture that will be utilized in the CIM. Different reaction pathways between the
various starting materials may lead to different results although glasses within the Phase 2 EGCR
have been successfully processed in the CRvl resulting in homogeneous; (ion-crystalline) glass
products. Note the absence of welldefined peaks does not provide an indication of chemical
homogeneity, but simply the absence of crystalline material.

50-

0
10 20 m 40 50 60

2-Theta~)

Figure 9. XRD Analysis of AC242 (-49 wt% LnzOJ.

.
[127297.MDI] AC2-26 PEELER-1A

I

Figure 10. XRD Analysis of AC2-26 (-52 wt% LnzOJ.
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Figure 11. XRD Pattern of AC2-15 (-55 wt% LnzOJ.

Figure 12. XRD Pattern of AC2-35 (-58 wt% LnzOJ.
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Figure 13. XRD Pattern of AC2-39 (-61 wt% LnzOJ.
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Figure 14. XRD Pattern of AC2-09 (-64 wt% LnzOJ.
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8.3 DENSITY

8.3.1 ROOM TEMPERATURE DENSITY
Room temperature density was determined for the Phase 2 glasses by two techniques: buoyancy
and gas pycnometry. The results from both techniques are shown in Table X. Both buoyancy
and gas pycnomet~ density values are based on individual measurements of a representative

.-

subsample.

Table X. Density of Phase 2 Glasses by Buoyancy and Gas Pycnometry.

Glass
AC2-01
AC2-02
AC2-03
AC2-04
AC2-05
AC2-06
AC2-07
AC2-08
AC2-09
AC2-10
AC2-I1
AC2-12
AC2-13
AC2-14
AC2-15
AC2-16
AC2-17
AC2-18
AC2-19
AC2-20
AC2-21
AC2-22
AC2-23
AC2-24
AC2-25
AC2-26
AC2-27
AC2-28

Buoyancy
Qkm3)
4.2530
4.1580
4.3909
4.5840
3.9679
4.4180
3.9827
4.0276
4.6247
4.0310
4.3552
4.1781
3.8326
4.1833
4.0317
4.3629
4.1976
4.5880
4.0342
4.5796
4.1559
4.0074
4.3025
4.4077
4.3633
4.0057
3.9935
4.1915

Gas Pycnometer
“ (g/cm3)

4.454
4.369
4.610
4.731
4.118
4.598
4.187
4.218
4.880
4.204
4.595
4.341
3.969
4.337
4.214
4.552
4.400
4.823
4.263
4.809
4.295
4.213
4.499
4.578
4.522
4.191
4.272
4.401

Glass
AC2-29
AC2-30
AC2-31
AC2-32
AC2-33
AC2-34
AC2-35
AC2-36
AC2-37
AC2-38
AC2-39
AC2-40
AC2-41
AC2-42
AC2-43
AC2-44
AC2-45
AC2-46
AC2-47
AC2-48
AC2-49
AC2-50
AC2-51
AC2-52
AC2-53
AC2-54
AC2-55

Buoyancy
(glcm’)
4.4529
3.9893
4.2320
4.1858
4.1829
4.0095
4.2688
4.3067
4.3528
4.3850
4.4278
4.4834
4.5150
3.8269
3.9964
4.2530
4.1863
4.5915
4.1925
3.8195
3.9980
4.1944
4.3852
3.7208
3.8180
4.5695
4.1754

Gas Pvcnometer
(g/cm’)
4.608
4.125
4.292
4.392
4.419
4.242
4.306
4.483
4.572
4.569
4.632
4.660
4.705
4.001
4.162
4.542
4.335
4.775
4.351
3.970
4.218
4.336
4.455
3.902
3.998
4.754
4.331

A scatter plot of the buoyancy and gas pycnometry density data is provided in Figure 15(a). The
gas pycnometry densities appear to be consistently greater than their corresponding buoyancy
densities.
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3.5 4.0 4.5 5.0

Pycnometry Density (g/cm3)

Figure 15(a). Buoyancy Versus Gas Pycnometry Density Measurements. _
+ - outer layer extreme vertices (*40%); x – inner layer extreme vertices (NO%); y – specific

compositions using average fe@ composition; other symbols represent overall centroids,
Cc-spiked glasses, and the Am/Cm-lA glass.

A statistical comparison of these data pairs is provided in Figure 15(b). The diagonal line of this
figure represents perfectly equal densities from the two measurement methods. The fitted line
appearing below this diagonal indicates a statistically significant difference (significance level e
5%) between the measurement pairs. On average, the pycnometry density is 0.18 g/cm3 larger
than the buoyancy density.

3.5 4.0 4.5 5.0

Pycnometry Density (g/cm3)

Figure 15(b). A Statistical Test of Buoyancy Versus Gas Pycnometry Density Measurements.
+ – outer layer extreme vertices (f40’%); x – inner layer extreme vertices (HO%); y – specific

compositions using average feed composition; other symbols represent overall centroids,
Cc-spiked glasses, and the Am/Cm- 1A glass.

30

. . —.. .. .———.. —-. -----

WSRC-TR-99-O0393
Rev. O

---- -



Immobilization Technology Section
Savannah River Technology Center
Westinghouse Savannah River Company

WSRC-TR-99-O0393
Rev. O

..—. .-

F@res 16 and 17 show the buoyancy data as a function of total Ianthanide content on both a
target and measured basis. Figures 18 and 19 show the gas pycnometry data as a function of total
lanthanide content on both a target and measured basis. The data indicat~ an excellent correlation
of density with the total lanthanide content. AS the total Ianthanide content (or loading since the
feed stream is highly Ianthanide based) increases, the measured density (regardless of
measurement technique) increases. This agrees well with the Phase 1 observations. [9] There
appears to be more scatter in the measured data relative to the target data for both techniques.

-.,.

5.0

x

; /

#
4.5 -y

e Y

4.0 *Y”

Y

3.5
40 45 50 55 60 65 70

Sum of Ln203 (target)

,’.

Figure 16. Buoyancy Density Versus Target Total Ln20~ Content.
~ – outer layer extreme vertices (k40%); x – inner layer extreme vertices (HO%); y – specific

compositions using average feed composition, other symbols represent overall centroids,
Cc-spiked glasses, and the Arn/Cm-lA glass.
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Figure 17. Buoyancy Density Versus Measured Total Ln203 Content. _
● - outer layer extreme vertices (+4090); x - imer layer extreme vertices (&O%); y – specific

compositions using average feed composition, other symbols represent overall centroids,—
Cc-spiked glasses, and the AmlCm-lA glass.

5.0

4.5

4.0

3.5L
40 45 50 55 60 65 70

Sum of LnzO~ (target)

Figure 18. Gas Pycnometry Density Versus Target Total Lnz03 Content.
+ - outer layer extreme vertices (k40%); x – inner layer extreme vertices (520Yo); y – specific

compositions using average feed composition, other symbols represent overall centroids,
Cc-spiked glasses, and Am/Cm-lA (a Phase 1 glass).
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40 45 50 55 60 65 70

Sum of LnzO~ (measured)

Figure 19. Gas Pycnometry Density Versus Measured Total LnzO~ Conten~-
+ - outer layer extreme vertices (t40%); x – imer layer extreme vertices (HO%); y – specific

compositions using average feed composition; other symbols represent overall centroids,
Cc-spiked glasses, and Am/Cm-lA (a Phase 1 glass).

As previously stated, one of the objectives of this study was to investigate the effects due to the
individual Ianthanides. Figures 20 and 21 provide the results of regressions (using JMP) of these
density measurements veisus the individual lanthanides. For densities measured by buoyancy
(Figure 20), the estimated effects for the Ianthanides are very similar, and all effects are
statistically significant at the 5% level. The same is true for densities measured by pycnometry
(Figure 21). Thus, there is no indication of differences among the effects of the individual
Ianthanides on density.

---- -
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Term
Intercept
ce20~
Er20~
Eu20~
Gd203
bz03
Nd203
Pr203
Sm203

Response: SRTC Density - Buoyancy (g/cm3)
summary of Fit

RSquare 0.866152
RSquareAdj 0.842874
Root Mean Square Error 0.090753
Mean of Response 4.213069
Observations (or Sum Wgts) 55

-..
Parameter Estimates

Estimate
2.0183987
0.0377699
0.0430736
0.0756425
0.0521115
0.0285397
0.0444821
0.0480935
0.0323107

Whole-Model Test

4.6-
*

4.5-
Y

4.4-

4.3-

4.2- Yp.+

4.1
-i

4.0:

w%’+
3.6 3.73.8 3.94.0 4.14.24.3 4.44.54.64.7

SRTCDensity - Buoyancy (g/cm3) Predicted

Std Error
0.166394
0.005292
0.006058
0.034105
0.015811
0.0Q5373
0.003045
0.007692

t Ratio

12.13
7.14
7.11
2.22
3.30
5.31

14.61
6.25

. ------- - -- —

Residuals

0.20
● ●

0.15-
v y Y4

0.10- Y-y

0.05- Y J? X3* x
v Y +

-0.00 * x

S“’xx* x
-0.05- ●

“y+ ●-0.10- 7
x

:!-J.- 4
3.6 3.73.8 3.94.04.14.24.34,44.5 4.64.7
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SRTCDensity-Buopncy(g/cm3) Prelzctcd

Prob>ltl
<.0001
<.0001
<.0001
0.0315
0.0019
<.0001
<.0001
<.0001
0.0010

● Anahsis of Variance
Source - DF Sum of Squares Mean Square F Ratio
Model 8 2.45-16924 0.306462
Error

37.2092
46 0.3788644 0.008236 Prob>F

C Total 54 2.8305569 <.0001

Figure 20. Results from JMP of a Regression of Buoyancy Density (g/cm3)
Versus Individual (measured) Lanthanide Concentrations.

+ - outer layer extreme vertices (*40%); x – inner layer extreme vertices (320%); y – specific
compositions using average feed composition, other symbols represent overall centroids;

Cc-spiked glasses, and the Am/Cm-lA glass.
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Parameter Estimates
Term
Intercept
cqo~
Erz03
EUZ03
Gdz03
La*03
Nd@3
Prz03
Sm203

4.9

4.8

4.7

Response: SRTC Density Pycnometry (g/cm~-
Summary of Flt

RSquare 0.850618
RSquare Adj 0.824639
Root Mean Square Error 0.099218
Mean of Response 4.395964
Observations (or Sum Wgt.s) 55

-.,.

Estimate
2.1226416
0.0433014
0.0403267
0.0963608
0.0482684
0.0301727
0.0443767
0.0508058
0.0332695

Whole-Model Test
..

l., / /
1 I I I I I

3.8 4.0 4.2 4.4 4.6 4.8 5.0

Std Error
0.181914
0.005786
0.006623
0.037286
0.017285
0.005874
0.003329
0.008410
0.010025

t Ratio
11.67
7.48
6.09
2.58
2.79
5.14

13.33
6.04
3.32

Prob>[tl
<.0001
<.0001
<.0001
0.0130
0.0076
<.0001
<.0001—.
<.0001
0.0018

Residuals

0.20 I + +
0.15

0.10

0.05

*.15

-0.20

3.8 4.0 4.2 4.4 4.6 4.8 5.0

SRTC DensityPycnonwry (#cm3) Predicted SRTC DensityPymmEuy (gkm3) Pmdikd

Analysis of Variance
Source DF Sum of Squares Mean Square F Ratio
Model 8 2.5785415 0.322318
Error

32.7419
46 0.4528324 0.009844 Prob>F

C Total 54 3.0313739 <.0001

..—

Figure 21. Results from JMP of a Regression of Gas Fycnometry Density (g/cm3)
Versus Individual (measured) Lanthanide Concentrations.

+ – outer layer extreme vertices (*40%); x – inner layer extreme vertices (MO%); y - specific
compositions using average feed composition; other symbols represent overall cen~oids,

Cc-spiked glasses, and the Am/Cm- 1A glass.
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A review of the density measurements of the duplicate glasses for both.te@niques is provided in
Figures 22 and 23. The f~st of these figures considers densities as measured by buoyancy. A
pooled standard deviation (0.085 g/cm3) was estimated across all five sets of replicates, and using
the overall mean of these measurements (4.116 g/cm3), a % relative standard deviation was
determined (2.1%).

4.75

4.50

4.25

4.00

3.75

3.50

-..

—

1 2 3 4 5

Repeat Group

Figure 22. Density (g/cm3) as Measured by Buoyancy for Replicates.

Using the same approach for the gas pycnometry densities results in a % relative standard
deviation of 1.7% for an overall mean density of 4.293 g/cm3 and “pooled” standard deviation of
0.073 g/cm3.
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Figure 23. Density (g/cm3) As Measured by Gas Pycnometry for Replicates.
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8.3.2 MONARCH: HIGH TEMPERATURE ANDANNEALED DENSITY
High-temperature and annealed (room temperature) density measurements were performed on
seven of the Phase 2 glasses (AC2-33M, AC2-35M, AC2-37M, AC2-313M, AC2-39M, AC2~lM
and AC244M) by Monarch Analytical Laboratories, Inc. to support thermal modeling efforts.21
These seven glasses span the 32 – 52% loading range. Annealed densities, as measured by
ASTM C 693 [24], are shown in Table XI and plotted in Figure 24 as a function total Lnz03
content (target). Density increases can be directly attributed to increases in total lanthanide
content as previously shown in Figures 16 – 19.

*.

Table XI. Annealed Density of Select Phase 2 Glasses
as Measured By Monarch Laboratones.

Glass Total Lnz03 Annealed Density
Content (target) (g/cm3)

AC2-33M 56.4 4.194
AC2-35M 57.9 4.280
AC2-37M 59.4 4.358
AC2-38M 60.2 4.403
AC2-39M 60.9 4.444
AC2-41M 62.4 4.528
AC2-44M 63.9 4.606

55.0 57.5 60.0 62.5 65.0

Total LnzOJ (target)

Figure 24. Monarch Density Versus Target Total Lnz03 Content.

.

21These seven glasses were batched and melted separately from the Phase 2 glasses used to evaluate the
primary processing and product performance properties. Since these data were only to be used to support
thermal modeling efforts, this work was not performed under the Quality Assurance criteria of RW-0333P.
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Tables XII – XVIII summarize the high temperature density measurements performed by

.._.. -

Monarch Laboratories for AC2-33M, AC2-35M, AC2-37M, AC2-38M, AC2-39M, AC241M,
and AC2-44M, respectively. In general, the determination of molten glass density for all seven
glasses was limited at the lower temperatures by the formation of a scum-layer (presumably
crystalline). At the higher temperatures, Monarch reported the deposition of gas bubbles (e.g.,
oxygen liberated from the high temperature reduction of Ce02) on the test bob limiting the higher
temperatures. At higher temperatures, approaching the maximum furnace temperature (1425°C),
data obtained for some samples were inconsistent with the lower temperature determinations.
The disconnect or inconsistency between the low and high temperature data for select samples
could not be directly attributed to either the formation of gas bubbles on the test bob or thermal
currents in the glass. All seven glasses tested by Monarch were reported to-be “very fluid” at the
higher temperatures (see Section 8.4 for a detailed discussion of the viscosity data). At lower
temperatures (1200 – 1300”C), a scum (reported by Monarch as a “probable crystalline material”)
formed on the surface of all glasses tested. The formation of a crystalline scum layer is directly
related to liquidus temperature (i.e., crystals are thermodynamically favorable below TL) and
provides an indication of the kinetics of devitrification in this system. When held at these
temperatures for a period of time, the suspension wire to the test bob would seize; thus limiting
the low temperature results.

A rigorous data reduction was not performed on the high temperature density data or ;&face
tension data. However, the density data do indicate a reduction in high temperature density with
increasing temperature. An increase in molten glass density with increased total Ianthanide
content (at similar temperature) also is observed. Molten glass density results as reported by
Monarch [36] are briefly discussed for each glass.

AC2-33M Molten Glass Density
Monarch reported that the high temperature density data AC2-33M is suspect above -1315°C
(see Table XII). No bubbles were observed or dislodged from the test bob, but the data suggest
that very small bubbles may have been present from the thermal reduction of Ce02. Data could
not be collected below 1200°C due to the formation of a surface scum that seized the suspension
wire to the test bob. As reported in a later section, TL of AC2-33 is 1271°C.

Table XII. High Temperature Density Data for AC2-33M.

Temperature ~C) Molten Density (g/cm3)
1204 3.953
1230 3.947
1257 3.940
1284 3.933
1311 3.927
1339 3.925
1367 3.919
1396 3.914

AC2-35M Molten Glass Density
Table XIII summarizes the high temperature density data for AC2-35M. Observations for AC2-
35M were very similar to AC2-33M for data above 1350”C and below 1200”C. Data below
1200”C could not be obtained due to the formation of a surface scum (TL of AC2-35 = 1289”C).
The data above 1335°C are suspect due to the possible influence of gas bubbles forming on the
test bob.
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Table XIII. High Temperature Density Data for AC2-35M.

Temperature ~C) Molten Density (g/cm3)
1209 4.024 - -
1235 4.018
1288 4.006
1315 3.997
1343 3.990
1370 3.985
1398 3.979
1426 3.974 .!,,.

AC2-37M Molten Glass Density
The high temperature density data for AC2-37M are shown in Table XIV. Data for AC2-37M
could not be collected below 1200”C due to the formation of a surface scum seizing the
suspension wire (TL of AC2-37 = 1305”C). Data above -1375°C were not reproducible and
appeared to be influenced by bubbles forming on the test bob.

Table XIV. High Temperature Density Data for AC2-37M. —

Temperature ~C) Molten Density (g/cm3)
1204 4.112
1233 4.106
1261 4.099
1283 4.093
1316 4.084
1338 4.082
1371 4.073
1393 4.073

AC2-38M Molten Glass Density
AC2-38M data below 1200”C could not be obtained because of surface scum seizing the
suspension wire to the test bob. The TL of AC2-38 was 1308°C. High temperature data (above
-1335”C) are suspect and may have been influenced by gas bubbles forming on the test bob. The
high temperature density data for AC2-38M are shown in Table XV.

Table XV. High Temperature Density Data for AC2-38M.

Temperature (°C) Molten Density (g/cm3)
1199 4.131
1229 4.122
1253 4.115
1308 4.099
1335 4.091
1363 4.086
1391 4.081
1421 4.075

39



Immobilization Technology Section
Savannah River Technology Center
Westinghouse Savannah River Company

AC2-39M Molten Glass Density
The high temperature density data for AC2-39M are shown in Table XVI. Data below 1225°C
could not be obtained because the suspension wire was seized by surface scum in a very short
time – indicating rapid devitrication kinetics as the total lanthanide conieiit increases. High
temperature data were collected to approximately 1425°C (furnace limitations). The influence of
bubble formation on the test bob was not documented by Monarch for this specific sample. CeOz
is present in this glass and will thermally reduce. Therefore, the high temperature results may
also be suspect.

Table XVI. High Temperature Density Data for AC2-39M.
-..

Temperature ~C) Molten Density (g/cm3)
1228 4.153
1257 4.146
1282 4.138
1338 4.125
1366 4.117
1375 “4.115
1396 4.110
1424 4.102 —

AC2-4 lM Molten Glass Density
A surface scum was reported for AC2-41M after one hour at -1235°C. The TL of AC241 was

. 1324”C. Monarch indicated that the high temperature data (> 1400°C) suggest the formation of
gas bubbles on the test bob. The high temperature density data for AC241M are shown in Table
XVII.

Table XVII. High Temperature Density Data for AC2-41M.

Temperature (“C) Molten Density (g/cm3)
1236 4.225
1262 4.218
1289 4.210
1316 4.202
1343 4.196
1373 4.187
1401 4.180
1430 4.176

AC2-44M Molten Glass Density
The high temperature density data for AC2-44M are shown in Table XVIII. Data below -1225°C
could not be obtained because the suspension wire was seized by the formation of a surface scum.
High temperature data were collected to approximately 1425°C (furnace Imitations). As with
AC2-39M, the influence of bubble formation on the test bob was not documented by Monarch.
CeOz is present and therefore the high temperature data maybe suspect.
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Table XVIII. High Temperature Density Data for AC244M.

Temperature (“C) Molten Density (g/crn3)
1226
1253
1276
1298
1333
1359
1391
1420

4.310
4.302
4.296
4.288
4.282
4.271
4.266
4.258 ‘-’

833 SURFACE TENSION

Monarch also measured surface tension of these seven glasses (see Table XlX). Surface tension
measurements were made using the Drop-Weight method. [27] As previously noted, the glass
compositions did not lend themselves well for drawing fibers by flameworking. Therefore, the
fibers were drawn from the molten glass after the high temperature density measurements were
completed.

Table XIX. Surface Tension Data for Select Phase 2 Glasses.

Glass Surface Tension (dynes/cm)
AC2-33M 357
AC2-35M 367
AC2-37M 371
AC2-38M 390
AC2-39M 395
AC2-41M 408
AC2-44M 414

8.4 VISCOSITY

The q - T relationship was measured for Phase 2 glasses using a high-temperature spindle

viscometer. Generally, the data did not conform to the standard q-T relationship as described by
the VTF model (Equation 1). Figure 25 compares the ln[q]-1/T behavior of a “typical” silicate

glass (Val-01) with that of AC2-14. The ln[q] of AC2-14 is nearly piecewise linear with
variation in UT. For Val-O 1, the variation of In[q] with l/T is nearly linear with a positive slope,
which is typical of silicate glasses.
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Figure 25. Comparison of ln[q]-1/T Behavior of(a) AC2-14 and ~) Val-01.

For Phase 2 glasses with linear ln[qlssO] - I/T’ relationship the ql~w value was estimated by a

linear interpolation of ln[q1350] vs l/T for the entire data set. For the nonlinear glasses, the q ~3M

was inte~olated from the measured data at T closest to and on either side of 1350°C w~ti

Equation (3). In some cases, there was insul%cient data to interpolate the qlssO, in these cases the
value was obtained by extrapolation of the available data or wasn’t estimated at all if less than

two data points were available. The exact steps used to determine the T-T function and q 1350are
described by Vienna et al. [29] for each glass. This was in contrast to the VTF model (Equation

1), which was used to estimate q1350values for glasses in the Phase 1 study. Table XX

summarizes the linear q-T parameters (E and F in Equation 3), q 13n, and the method used to
derive these values for the Phase 2 glasses.

Table XX. Summary of Phase 2 Viscosity Data.

Glass ID E F (K) q 1350 G=) q 135o (poise) Comments
AC2-01 -17.449 28,908 1.44 1.44
AC2-02
AC2-03
AC2-04
AC2-05
AC2-06
AC2-07
AC2-08

. AC2-09
AC2-10
AC2-11
AC2-12
AC2-13
AC2-14
AC2-15
AC2-16
AC2-17
AC2- 18
AC2- 19
Ac~.20

-20.390
-19.528

-15.642
-9.177

-19.963
-12.177
-18.999
-8.973

-15.613
-4.052

-13.098
-15.750
-15.571
-17.671
-15.154

-14.837

32,760
30,769

26,669
14,314
33,688
20,627
30,452
14,981
25,279
7,147

22,267
25,380
25,731
28,821
24,804

24,619

0.81
0.57

2.20
0.70
2.21
1.70
0.79
1.29
0.96
1.42
1.86
0.89
1.33
1.09
1.14

1.39

8.1
5.7

22.0
7.0

22.1
17.0
7.9
12.9
9.6
14.2
18.6
8.9
13.3
10.9
11.4

13.9

linear
nonlinear

two data points
fewer than two data points

nonlinear
two data points

nonlinear
nonlinear

linear
nonlinear
nonlinear
nonlinear
nonlinear
nonlinear

linear
nonlinear

linear
fewer than two data points

linear
fewer than two data points
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Glass ID E F (K) Ti350(pa-s) q 1350 (Poise) Comments
AC2-21 -14.596 23,443 0.86 8.6
AC2-22
AC2-23
AC2-24
AC2-25
AC2-26
AC2-27
AC2-28
AC2-29
AC2-30
AC2-31
AC2-32
AC2-33
AC2-34
AC2-35
AC2-36
AC2-37
AC2-38
AC2-39
AC2-40
AC2-41
AC2-42
AC2-43
AC2-44
AC2-45
AC2-46
AC2-47
AC2-48
AC2-49
AC2-50
AC2-51
AC2-52
AC2-53
AC2-54
AC2-55

-15.045
-14.288
-19.831
-15.537
-19.470
-13.273
-18.947
-16.871
-9.360
-7.207

-19.993
-14.740
-11.883
-15.684
-15.187
-17.594
-16.272
-16.986
-18.659
-17.554
-11.555
-8.382

-15.956
-14.669
-16.753
-14.938
-11.809
-10.729
-14.338
-16.473
-18.357
-10.844
-17.617
-15.600

24,893
23,182
31,376
25,492
32,858
22,608
30,512
26,717
15,680
12,340
32,717
24,182
19,877
25,573
24,702
28,495
26,319
27,416
30,139
28,261
19,663
14,049
25,803
23,967
26,832
24,506
20,058
18,031
23,449
26,651
31,054
18,520
28,349
25,530

1.34
1.00
0.61
1.18
2.17
1.93
0.86
0.66
1.35
1.49
1.18
1.17
1.44
1.08
1.03
0.96
0.95
0.91
0.91
0.87
1.75
1.32
0.94
1.10
0.80
1.17
1.73
1.46
1.12
0.95
2.17
1.76
0.86
1.14

13.4
10.0
6.1
11.8
21.7
19.3
8.6
6.6
13.5
14.9
11.8
11.7
14.4
10.8
10.3
9.6
9.5
9.1
9.1
8.7 “
17.5
13.2
9.4
11.0
8.0
11.7
17.3
14.6
11.2
9.5

21.7
17.6
8.6
11.4

linear
linear

- Tinear
two data points
two data points

nonlinear
nonlinear
nonlinear

linear
nonlinear
noniiiiear
nonlinear

linear
nonlinear

two data points
linear
linear
linear
linear

two data points —-
Iinear

nonlinear
nonlinear

linear
linear
linear
linear

nonlinear
nonlinear

linear
linear

nonlinear
nonlinear

linear
nonlinear

The ‘tllssovalues of Phase 2 test glasses range from 5.7 Poise for AC2-03 to 22.1 Poise for AC2-
07, both exterior vertex glasses. All Phase 2 glass viscosities are less than the upper 24 Poise
constraint established by Martin [12] (i.e., the AGCR encompasses the entire E(3CR it terms of

viscosity). It should be noted that the lower q 1350constraint (3 Pois6) was not used to limit the
EGCR or define the AOCR since the detection limit of the viscometer (-5 Poise) exceeded this

lower limit. In other words, a determination as to whether a particular glass met this lower q1350
constraint could not be made. This only had an effect on three AC2 glasses: AC2-04, AC2-18,

and AC2-20 all having total Ln203 concentrations exceeding 63.5 mass 90. Although q 1350could
not be defined for these glasses, they should be processable within the CIM. This latter statement
is focused solely on viscosity and assumes all other constraints are met. The viscosity constraint
was primarily behg driven by the establishment of a continuous pour that is based on the upper

q lSSOlimit of 24 Poise. However, the non-linear TI-T behavior of these glasses warrants fi,u-ther
study.
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A linear relationship between the Lnz03 concentration in glass and the 1n[q13sO]value was shown

for Phase 1 glasses (see Figure 2). The effect of Ln203 concentration onln[q1350] of Phase 2
glasses is shown in Figures 26-27 (target and measured, respectively). A comparison shows a

reasonably close match in the Lnz03 effect on ln[q1350] for Phase 1 and Phase 2 glasses, despite
the fact that Si02, A1203, B203, and SrO concentrations varied independently in Phase 2 glasses

and not in Phase 1 glasses (see Figure 28). Specifically, the Lnz03 partial specific ln[q13n] for
Phase 1 and Phase 2 glasses are –3.1 and –3.0, respectively.[29] Generally, some of the Phase 1
glasses and some of the nonlinear Phase 2 glasses fell off of the linear trend.
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Figure 26. Effect of Ln203 Concentration (target) on ln[q1350] for Phase 2 Glasses
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Figure 27. Effect of Lnz03 Concentration (measured) on In[q 13W]for Phase 2 Glasses.
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Figure 28. Effect of Ln203 Concentration (in mass fraction) on

ln[~ ~350]for Phase 1 and Phase 2 Glasses.
(symbols represent: A-Phase 1 glasses, B-Linear Phase 2 glasses, and N- Nonlinear Phase 2 glasses)
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As for the previous properties, one of the objectives of this study was to investigate the viscosity
measurements for effects due to the individual lanthanides. Figure 29 provides the results of a
regression (using JMP) of the natural logarithm of the viscosity measurements (in Poise) versus
the individual (measured) Ianthanides concentrations. The results indi~a~ that EU203, Gd203, and
Sm203 are not statistically significant at the 5% level, the other lanthanides are, and all of the
estimated effects (significant or otherwise) are comparable. Thus, there is no indication of
serious differences among the effects of the individual lanthanides on viscosity.

Response: 1n[q13W.c(Poise)]
summary of Fit -...

RSqu~e “0.708939
RSquareAdj 0.654788
Root MeanSquareError 0.198217
Meanof Response 2.454058
Observations(or SumWgts) 52

Parameter Esthnates
Term
Intereept
cqo~
Er203
EUZ03
Gd203
1.XlZ03
Nd203
Pr203
Smz03

Whole-Model Test

Estimate
5.4178197
-0.053638
-0.044910
-0.017077
-0.065328
-0.046793
-0.061833
-0.075002
-0.016922

1.s 2.0 2.5 3.0
ln[VIsc@1350”C(Poise)] PIwiicted

Std Error t Ratio
0.387298 13.99
0.012506 -4.29 _
0.013808 -3.25
0.079910 -0.21
0.036516 -1.79
0.012735 -3.67
0.W7200 -8.59
0.018195 -4.12
0.022020 -0.77

Residuals
05 I x

Prob>ltl
<.0001
<.0001
0.0Q22
0.8318
0.0807
0.0007
<.0001
0.0002
0.4464

1
X*

0.4

0.3 +

x
0.2 xA +

%
-0.3-

+
-0.4 I I I

1.s 2.0 25 3.0

ln[vii@ 1350”C(Poise)] Predicted

Analvsisof Variance
Source DF S;m of Squares Mean Square F RdiO

Model 8 4.1150267 0.514378 13.0919
Error 43 1.6894636 0.039290 Prob>F
C Totat 51 5.8044903 <.0001

Figure 29. Results from JMP of a Regression of the Common Logarithm of Viscosity (in Poise)
Versus Individual (measured) Lanthanide Concentrations.
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Isolating just the duplicate glasses (including those that were spiked with the minor components)
and plotting their viscosities yields Figure 30. The “pooled” estimate of the standard deviation of
these measurements is 1.3 Poise. Each of the 95% confidence intervalifir the means of these
five sets of repeats contains its respective spiked “duplicate” except for AC2-52 in Group 3. As
discussed earlier, AC2-52 was mismatched (i.e., no CeOz was added). The higher measured
viscosity for this particular glass is easily explained by the lower total Lnz03 concentration is
glass. Overall, there appears to be no significant impact on viscosities due to the minor
components (at least not witlin the glass composition region studied here).

22.5
‘ @E=AC2-52

20.01

i

w

10.0 Y

—.

1 2 3 4 5

Repeat Group

Figure 30. q MOOC(in Poise) for Replicates.

8.5 LI@JIDUS TEMPERATURE(TL)

The T~s of the 55 Phase 2 glasses were between 1153°C (AC2-52) and 1405°C (AC2-04). Only

two glasses had TLS above the 1350”C limit, AC2-04 and AC2-18. Two crystal types, rare earth
silicates (RESs) and aluminum oxide (A1203), were identified as the primary crystalline phases in
the Phase 2 glasses using a combination of XRD, SEM/EDS, and OM. This differs from Phase 1
glasses in which rare earth silicate and ahuninosilicate crystals were found and AIz03 was not.
The primary crystalline phase, TL, TA, and Tc are summarized in Table XXI. Vienna et al. [29]
provide a detailed discussion of the TL measurements for each glass, including TL measurement
data, OM and SEM rnicrographs, and analyses from XRD and EDS.
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8.5.1 RARE EARTHSILICATECRYSTALS

RES was the primary phase in 47 of the 55 glasses; however, four distinc~ morphologies of the
RES were observed when identifying these crystals: needle-like (thin and straight), hair-like (thin
and wavy), plate-like, and rectangular cap. Each crystal shape was analyzed using SEM. EDS

coupled to SEM showed Si, La, Nd, and O as major components and Ce, Pr, Sm, Gd, and Er as
minor components in the crystals. Al is present as a minor component in some RES crystals, but
not in others. Chemically, the RES crystals are the same regardless of morphology. Samples
analyzed by XRD ~tched the crystal structure of neodymium germaniumbrate silicate
(NdqBGel.OgSiO.mOIO). In this crystal structure, Ge could be replaced by Si and Nd could be
replaced by rare earth elements to form RE3BSi2010, the crystal type that is probably present in
these samples. Generally, the glasses within the RES primary phase field showed massive

crystallinity (i.e., >30 VOI~0 RES) after a 24 h heat treatment at temperatures between 3° and

30°C below TL. As RES crystals are difficult to redissolve once crystallized, this observation
should be considered when planning for both normal and off-normal operating scenarios. Under
normal operating conditions, there appears to be a great potential to plug the drain tube (which is
under a thermal gradient when idling) when a highly loaded lanthanide glass is contained in the
drain tube. Since the massive devitrification occurred after a 24 h heat treatment, the kinetics of
devitrification are unknown (i.e., how does the degree of crystallization vary with both time and
temperature). This latter statement could result in processing issues under both normal and off-
normal conditions.

The RES crystals observed as needle-shaped crystals were found individually and clustered at a
focal point with the needles pointing out in all directions, both found in Figure 31. The sizes of
the crystals had a wide range in length from cO. 1 mm to >1.0 mm and were approximately 1 pm

to >10 pm thick.

Associated with the needle crystals are hair-like crystals, found within or near the needle clusters

(Figure 32). These crystals are very thin (<0.5 j.un) and long (>100 pm) and curved like an
eyebrow. Occasionally they are observed in a coil. These crystals maybe straight also, but they “
are so thin that they are difiicult to observe by OM. However, they are very distinct when they
curve or coil. SENVJ3DSscans indicated a similar chemical composition for both needle and hair-
like RES crystals.

Plate-like, RES crystals (Figure 33) were found in many of the samples. Unlike the plate-like
RES in Phase 1, some of the plate-like crystals in Phase 2 developed unusual structures at the
narrow end of the rectangular or lathe shaped crystal (Figure 34 and Figure 35). SEM/EDS
analysis found no change in chemical composition of the crystals even with the unique shapes.
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Table XXI. T~ and Primary Crystalline Phase for the Phase 2 Glasses.

Glass T~~C) Primary Tc (°C) TA~C) Total LnzOJContent Total Ln203Content
Phase (targeted) (measured)

AC2-01 1308 REs 1315 58.3 60.6
AC2-02
AC2-03
AC2-04
AC2-05
AC2-06
AC2-07
AC2-08
AC2-09
AC2-10
AC2-11
AC2-12
AC2-13
AC2-14
AC2-15
AC2-16
AC2-17
AC2-18
AC2-19
AC2-20
AC2-21
AC2-22
AC2-23
AC2-24
AC2-25
AC2-26
AC2-27
AC2-28
AC2-29
AC2-30
AC2-31
AC2-32
AC2-33
AC2-34
AC2-35
AC2-36
AC2-37
AC2-38
AC2-39
AC2-40
AC2-41
AC2-42
AC2-43
AC2-44
AC2-45
AC2-46
AC2-47
AC2-48
AC2-49
AC2-50
AC2-51
AC2-52
AC2-53
AC2-54
AC2-55

1257
1313
1405
1241
1309
1209
1242
1323
1255
1292
1333
1181
1250
1279
1298
1273
1366
1249
1343
1242
1284
1282
1319
1305
1208
1242
1260
1300
1192
1305
1264
1271
1232
1289
1294
1305
1308
1318
1325
1324
1180
1227
1305
1259
1333
1272
1181
1220
1272
1305
1153
1227
1326
1255

A1203
RES
RES
RES
RES
RES
REs
RES
REs

Al*03
RES
RES
Al*03
RES
Al~03
REs
REs
RES
REs
A1203
REs
A1203
REs

A1203
RES
RES

Al*03
RES
REs
REs
RES
REs
RES
RES
RES
REs
REs
MS
RES
REs
RES
RE.S
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

1306
1252
1312
1401
1240
1306
1204
1241
1320
1252
1289
1328
1179
1246
1275
1295
1265
1364
1242
1336
1240
1283
1278
1313
1299
1204
1241
1249
1296
1191
1301
1260
1265
1225
1284
1289
1302
1306
1314
1321
1320
1179
1225
1302
1255
1328
1265
1179
1219
1265
1300
1150
1225
1321
1249

1262
1315
1409
1241
1314
1213
1252
1327
1261
1295
1335
1185
1252
1283
1299
1275
1374
1252
1349
1249
1287
1284
1321
1314
1210
1242
1264
1306
1197
1306
1265
1274
1235
1289
1295
1307
1312
1321
1328
1327
1191
1236
1307
1260
1335
1274
1185
1226
1274
1307
1158
1236
1328
1257

56.2
60.7
63.5
51.6
61.3
52.2
52.9
64.1
54.0
59.0
56.7
49.4
55.6
54.5
58.4
56.6
63.5
53.9
64.1
55.6
53.9
58.4
61.3
58.4
52.2
52.9
55.6
61.3
49.4
56.7
56.6
56.4
57.2
57.9
58.7
59.4
60.2
60.9
61.7
62.4
48.9
52.7
63.9
56.4
60.2
56.4
48.9
52.7
56.4
60.2
48.9
52.7
63.9

57.1
65.4
65.7
51.4
64.5
50.9
52.9

>.,. ~ 67.1
54.2
61.9
59.2
48.1
53.7
52.1
57.9
55.9
62.7
56.5
61.5 —
57.4
57.9
55.9
63.5
60.9
53.3
53.0
55.9
64.1
51.1
58.2
60.4
54.2
53.6
55.9
57.1
59.4
59.9
62.5
63.3
61.1
49.0
52.7
60.4
57.2
65.9
57.9
51.4
52.5
59.6
59.8
45.0
51.0
62.1

56.5 59.9
TAis the lowest temperature at which samples did not form crystals
Tc is the highest temperature at which samples did form crystals.
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(a) AC2-04 with Sparse IU3S Crystal Number (b) AC2-04 with Dense, Settled RES Crystals

F&ure31. Examples of Needle-Like RES Crystals.
—

(a) Polarized Light Mlcrograph of needle-like
crystals (major) with thin, hair-like RES
crystals in AC2-31 (1159°C).at lOOx

(b) SEM Mlcrograph of RES crystals
(including thin, curved hair-like crystal on left
side of micrograph) in AC2-24 (1150”C) at
500X

Figure 32. Examples of Needle-Like, Hair-LIke, and Plate-LIke RES Crystals.
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Figure 33. SEM Micrograph of Plate-LIke RES
Crystals in AC24.4 (1302”C).

Figure 34. Transmitted Light Mlcrograph
of AC2-44 ( 1302”C) at 200x.

WSRC-TR-99-O0393
Rev. O

..— -

—

Figure 35. Transmitted Light Micrograph
of AC2-41 (13 13”C) at 200x.

51



Immobilization Technology Section WSRC-TR-99-O0393
Savannah River Technology Center Rev. O
Westinghouse Savannah River Company

..—

Another unique crystal shape, observed only in the Phase 2 study, is the rectangular cap (Figure
36) found in seven samples: AC2-09 (1314”C), AC2-29 (1288°C), AC2-40 (1321”C), AC2-41
(1321”C), AC2-44 (1321°C), AC2-46 (1321”C), and AC2-54 (1321”C). The rectangular cap
crystals are found floating on the surface in the middle of the sample, n-o~near other crystal types.
Many samples were thin-sectioned in an attempt to analyze this odd-shaped crystal type, but the
rectangular cap was never found below the surface. AC2-46 was sent as a bulk sample, and the
surface was analyzed by SEM/EDS. The EDS scin on these crystals had a similar wofile to that.
of RES crystals with other shapes.

Figure 36. SEM Micrograph of Rectangular Cap

I RES Crystals on the Surface of ACZ16 (1321”C).

.

—

8.5.2 ALUMINUMOXIDECRYSTALS

Aluminum oxide was identified as the primary phase in 8 Phase 2 glasses (see Table XXI). Two
distinct A1203 crystal morphologies were found in the same glass, a plate-like crystal (see Figure
37a) ~md a garnet shaped crystal (Figure 37b). SEM/EDS identified high aluminum and oxygen
concentrations in both crystal types (see Figures 38- 40). No chemical difference between the
two differently shaped crystals could be detected. Several samples of glasses crystallizing A1203
were analyzed by XRD, however, no conclusive results were obtained regarding structure
differences.

In glasses with A1Z03 as the primary phase, RES formed as a secondary phase at 30”C to 40”C
below TL. In samples that were 50° to 100”C < TL, RES crystals would be very high in both size
and number density of crystals, and A1203 crystals would not be found. The A1203 crystal was
never found in samples where RES was the primary phase, except when budding was observed
(see Vienna et al. [29] for a description of budding). In these cases, A120J crystals in”the buds
were detected by SEM/EDS.

r.r-7. -, --—,.-IT. . .. ., ..v .. . . . ,?. ,. ,-.m .-. . .:
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(a) Transmitted Light Micrograph of Plate-
Like AlzOq crystals in AC2-14 (1232”C)

(b) Transmitted Light Micrograph of Garnet
A120~ Crystals in AC2-14 (1232°C)

Figure 37. Examples of Aluminum Oxide Crystals.

(a) SEM Micrograph of AlzO~ Plate-Like
Crystals in AC2-21 (1229°C)

—.

R
L

—

(b) EDS Spectrum of a Crystal in Figure 34a
AC2-21 (1229°C)

Figure 38. SEM Analysis of AC2-21 (1229”C).
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Figure 39. SEM Micrograph of a Garnet Shaped A1203
Crystal in AC2-14 (1232”C).
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Figure 40. EDS Spectrum of a Crystal in Figure 39.
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8.5.3 “AS-FABRICATED” GLASSES

“As-fabricated” glasses were analyzed by OM to determine if crystalline Gr immiscible liquid
phases existed. Three glasses, AC2-04,AC2-18, and AC2-19, were found to have RES crystals
present in streaks as minor inclusions. The crystals appear very similar to those found in AC2-04
(see Figure 27). The crystal fraction was not determined but was estimated to be well less than 1
percent by PNNL. Only a few scattered crystals were found in AC2-19. All other samples
appeared to be free of crystals based on OM analyses. These observations confm visual and
XRD results (see Appendix B) for 52 of the 55 Phase 2 glasses. For those three glasses in which
crystallization was observed, the % crystallization estimated by PNNL is below the detection
limits of the XRD (- 1 VOI%).

8.5.4 QUANTITATIVE ANALYSIS OF RES CRYSTALS BY SEM

Quantitative SEM/EDS analyses22 were performed to determine if differences in chemical
composition occurred in the RES crystals. Glasses AC2-04 heat-treated at 1398°C and AC2-05
heat treated at 1223°C were chosen for the analysis since there was a large difference in TL
values, 1405°C for AC2-04 and 1241 “C for AC2-05. In addition, the bulk chemical composition
was quite different between the two glasses. Therefore, a difference in the chemical c6iiposition
of the RES crystals formed in the two glasses was expected. The RES crystals in the two glass
samples were different sizes. The RES crystals found in AC2-04 were 5 to 10 times longer than
those found in AC2-05, though they were both needle-shaped crystals.

The analyzed crystal compositions are listed Table XXII and glass compositions are listed in
Table XXIII. On a mole-percent basis, Si was the major element in the RES crystal structure
(40.5% in AC2-04 and between 43.6 to 46.4% for AC2-05). The Si concentration in glass
appears to influence the RES crystal composition. As Si increased in the glass composition from
30.6 mole percent in AC2-04 glass to 37.6 mole percent in AC2-05 glass, so did its concentration
in the crystal structure (again 40.5 to about 45 mole percent). Lanthan~ the element with the
second highest concentration in both the crystal structure and glass, also increased from 23.65
mole percent in AC2-04 to about 26 mole percent in AC2-05. This is not intuitive since the
concentration of La in the glass decreases from 18.2 mole percent in AC2-04 to 14.3 mole percent
in AC2-05 (measured by EDS) and from 16.1 mole percent to 13.9 mole percent (target
composition) for AC2-04 and AC2-05, respectively. Similarly, Ce concentration in the RES
crystal increased while its concentration in the base glass decreased. Praseodymium and Nd
followed the expected pattern of increasing in concentration in the crystal with higher
concentration in the base glass. The most notable difference is in the concentration of Al in the
two crystals. This evidence, however, does not suggest a different crystal type as Al is only a
minor element in both spectra, and the total rare earth concentrations in both crystals are similar.

22 Analysis was performed on an elemental basis using A12C13,Si02 (quartz), Ld3b, CeOz, PrF3, NdF3,
GdF3, and ErF3 as instrument calibration standards for their representative elements. TO correct for X-ray
absorbency and fluorescence, a mathematical iteration (quantitative ZAF correction method) was applied.
The comparison between SEM glass-matrix composition analysis and the normalized target composition
(mole percent) had an error margin of less than *1O percent for all major elements.
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Table XXII. Quantitative Analysis of Crystals in Glass
(in mole percent metals normalized to lOO).

AC2-04 AC2-05
Spectrum 1 Spectrum 2 Spectrum 1 Spectrum 2

Al 2.19 2.63 0.42 ‘-0.22
Si 40.41 - 40.62 43.67 46.37
La 23.72 23.63 26.50 25.14
Ce 2.54 2.69 3.50 3.35
Pr 6.20 6.75 3.26 3.15
Nd 20.99 21.25 12.11 11.43
Sm not analyzed not analyzed 5.07 4.87
Gd 1.50 0.67 2.84 2.77
Er 2.44 1.78 2.63 2.70 --
Total 100.00 100.00 100.00 100.00

Table XXIII. Quantitative Analysis of Glass Matrix Compared to Target Composition
(in mole percent metals normalized to 100).

AC2-04 AC2-05

Normalized Normalized
SEM Analysis Target Comp SEM Analysis Target Comp

Al 27.76 26.64 33.21 32.90
Si 33.56 30.58 39.84 37.60
La 18.23 16.11 14.28 13.93
Ce 2.62 2.25 1.93 1.95
Pr 4.03 5.05 1.34 1.74
Nd 11.64 12.55 4.85 5.98
Sm Not analyzed 3.27 2.07 2.83
Gd 0.74 1.76 1.07 1.52
Er 1.42 1.79 1.41 1.55
Total 100.00 100.00 100.00 100.00
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8.5.5 GLASS COMPOSITION EFFECTS

A linear relationship between LnJ3J concentration in glass and T~ with {primary-phase boundary
was shown for Phase 1 glasses (see Figure 3). The effect of Ln203 concentration on TL for the
Phase 2 glasses is shown in Figures 41 and 42 (target versus measured Ln203 concentration,
respectively). One should also note that only two glasses (AC2-04 and AC2-18) have TLS
exceeding the 1350°C constraint. Given this (and ignoring the uncertainties associated with the
TL measurement), the A(3CR is only limited by those glasses with >63.5 mass % total Lnz03
(based on target compositions) or >62.5 % mass % total Ln203 (based on measured
compositions). k.

Figure 43 shows the effect of LnzO~ concentration on TL for both the Phase 1 and Phase 2 glasses.
A comparison shows a reasonably close match in LnzO~ effect on TL for Phase 1 and Phase 2
glasses, despite the fact that SiOz, A1203, B203, and SrO concentrations varied independently in
Phase 2 glasses and not in Phase 1 glasses. There is a clear primary-phase boundary between the
alurnino-silicate and RES fields. However, the glass compositions in the AlzO~ primary phase
field are intermixed with those in the RES primary phase field. Further examination of
compositions was required to separate the two primary-phase fields. Figure 44 shows a
composition projection of Phase 1 and Phase 2 glasses in a Si02 – A1203 – Ln203 spa~e-with

Primary crys~fine phases not~ as symbols. A clear distinction between the R-ES and A1203
primary-phase fields Cm be seen by the Al@JSiOz ratio. All classes with a ratio above 1 are in
the A1203 primary phase field.

‘“o~
1400- 1350°c

. AC2-04

constraint
. AC2-18

1350-
. .

.A

.

1200

1150

/

❑

40 45 50 55 60 65 70

Ln203 concentration (target, mass 940)

Figure 41. TL Versus LnQ03 Concentration (target, mass %) for the Phase 2 Glasses.
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Figure 42. TL Versus LnzOq Concentration (measured, mass %) for the Phase 2 Glasses.
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0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70

L~03

Figure 43. TL as a Function of Lnz03 Concentration (in mass fraction)
for Phase 1 and Phase 2 Glasses.

(S-Alumino-Silicate Crystals in Phase 1 Glasses, *-RES Crystals in Phase 1 Glasses, +-RES Crystals in
Phase 2 glasses, and A-Alz03 Crystals in Phase 2 Glasses)
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0.4

0.5

0.6

0.8

Ln203 0.1 0.2 0.3 0.4 0.5 Si02

Figure 44. Alz03”SiOxLn203 ternary submixture (mass%) with test glasses plotted with different
symbols for each primary phase: “A’’-A1203, “S’’-A1S, and “+’’-RES

Figure 45 provides the results of the investigation of the effects of the individual (measured)
lanthanides on Iiquidus temperature. Only EU203 is not significant at the 5% significance level,
and all of the estimated effects are similar. Thus, there is no indication of substantial differences
among the effects of the individual Ianthanides on liquidus temperature.
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Term
Intercept
cqo~
Er203
EU203
Gdz03
b~oj
Nd203
Pr203
SmzOs

Respome: Liquidus Temperature (TJ ‘C
Summary of Fit

RSquare 0.838186
RSquareAdj 0.810044
Root MeanSquareError 21.85874
Meanof Response 1274.727
Observations(or Sum Wgts) 55

Parameter Estimates-.. . -.. — — — . .
Esumate

803.47748
7.1835270
6.2532626
12.127728
17.781934
6.6631604
9.7448515
10.102140
6.6793626

1450

1400

1150

Whole-Model Test

+

x

I

1150 1200 12s0 1300 1350 1400 1450

Liquids Tempmturc (H-.) “C Predicted

Std Hrror
40.07753
1.274744
1.459106
8.214394
3.808117
1.294107
0.733356
1.852733
2.208716

t Katio
20.05 - “

5.64
4.29
1.48
4.67
5.15

13.29
5.45
3.02

Prob>ltl
<.0001
<.0001
<.0001
0.1467
<.0001
<.0001
<.0001
<.0001
0.0041

Residuals —-

50
x

40- ●

30- xx
Y

● Yxy
20- x.

Y*

10- A u ‘w
$CX*Y

7 0- .
=.-
8 .10-E Y

-20- +

l&-l-
1150 Iml 12S0 1300 1350 I’m 14s0

Liquids Temperature(TL) “C Predicted

Analysis of Variance
Source DF Sum of Squares Mean Square F RdiO

Model 8 113849.89 14231.2 29.7846
Error 46 21979.02 477.8
C Total 54

Prob>F
135828.91 <.0001

Figure 45. Results of JMP Regression of Liquidus Temperature Measurements
Versus Individual (measured) Lanthanide Concentrations.

+ - outer layer extreme vertices (*40%); x – inner layer extreme vertices (MO%); y – specific
compositions using average feed composition; other symbols represent overall centroids,

Cc-spiked glasses, and the Am/Cm-lA glass.
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Isolating just the duplicate glasses (including those that were spiked with the minor components)

... . . .. .

and plotting their liquidus temperature measurements leads to Figure 46. The “pooled” estimate
of the standard deviation of these measurements is 10”C (even with the spiked glasses being
included).

.-

1350

13Qo

1250

Im

1150

Y

Y Y

Y

Y
Y

v

v
I 1 I I

1 2 3 4 5

Repeat Group

Figure 46. Llquidus Temperature (in ‘C) for Replicates.

8.6 DURABILITY

The extent of corrosion is usually defined as the amount of glass dissolved per unit volume of
solution or the fraction of glass that has entered the solution per unit surface area. It is
conveniently measured using a tracer, which is a glass component that does not participate. in
secondary reactions. Thus all the tracer released from the glass is found in the solution. For
borosilicate glasses, boron (B) is usually chosen as the tracer because it is present in the glass in a’
sufficiently high concentration and is unlikely to precipitate or be absorbed from the solution.

The Pff (ASTM C-1285-94) [19] was conducted, in triplicate, for each of the Phase 2 glasses as
a measure of durability (or resistance to aqueous corrosion). In addition, samples of EA glass,
ARM-1 glass, and blanks were also included in this test. The solutions from these tests were
submitted to the SRTC-ML for concentration measurements of B, Si, N~ Ll, Al, and La. Along
with the various solutions, a multi-element standard solution was run within each analytical
block. Table C. 1 in Appendix C shows the raw data obtained from the SRTC-ML corrected for
the dilution factor (5/3).

Exhibits C. 1 and C.2 provide plots of the parts per million (ppm) data presented in Table C.1 by
sample (for the glass and solution samples). Exhibit C. 1 includes all of the measurements from
Table C. 1 and Exhibit C.2 plots only the samples of the Phase 2 glasses. No problems are seen in
the consistency of these results.
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Exhibit C.3 provides a closer look at the measurements (for elements: Al, B, Si, and Sr) of the
multi-element standard solution by analytical block. An analysis of variance (ANOVA) is
conducted for each element investigating for statistically significant dhle~ences among the
average of the measurements for each of these blocks. Statistically significant differences (at the
5% significance level) are seen for Al, B, and Sr but not for Si. The overall averages of the
results from this exhibit are compared to the reference values for this standard solution in Exhibit
C.4,

A typically expression for the Ieachate concentrations is as normaked elemental releases from
the glass in grams of glass per liter of Ieachate (g/L). However, it is the common logarithm of
this normalized loss (NIL)that is of primary interest in modeliig glass durability. This value is
computed by fwst taking the common logarithm of each available measurement (elemental
concentrations in the leachate and cation concentrations in the glass), averaging the appropriate
transformed values, and then subtracting one from the difference between the averages of the
transformed Ieachate concentrations and the transformed cation concentrations.

Tables XXIV and XXV summari ze the normalized releases (NL) and the common logarithm of

the normalized release (log NL) for the Phase 2 glasses, respectively.23 Release ratesdboth the
EA and ARM-1 glasses are also included.

23 Normalization of the elemental losses released from the glass is usually emducted using the measured elementaJ
concentration in the glass; these vrdues are given in these two tables. However, the losses were also normalized using
target compositions, and some results from thk rdtemative for normalizing the elemental losses are presented in the
following discussions.
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Table XXIV. Normalized Release (g/L) for the Phase 2 Glasses.

Normalized Release Rate (g/L)

Glass B Si Nd Al La pH
ARM- 1 0.537 0.312 0.004 0.158 0.246 10.17

EA
AC2-01
AC2-02
AC2-03
AC2-04
AC2-05
AC2-06
AC2-07
AC2-08
AC2-09
AC2-10
AC2-11
AC2-12
AC2-13
AC2- 14
AC2-15
AC2-16
AC2-17
AC2-18
AC2- 19
AC2-20
AC2-21
AC2-22
AC2-23
AC2-24
AC2-25
AC2-26
AC2-27
AC2-28
AC2-29
AC2-30
AC2-31
AC2-32
AC2-33
AC2-34
AC2-35
AC2-36
AC2-37
AC2-38
AC2-39
AC2-40
AC2-41
AC2-42
AC2-43
AC2-44
AC2-45
AC2-46
AC2-47
AC2-48
AC2-49
AC2-50
AC2-51
AC2-52
AC2-53
AC2-54
AC2-55

19.099
0.011
0.023
0.021
0.008
0.011
0.008
0.016
0.014
0.012
0.018
0.025
0.012
0.010
0.019
0.011
0.013
0.033
0.012
0.043
0.014
0.027
0.009
0.028
0.006
0.008
0.017
0.019
0.012
0.018
0.026
0.008
0.020
0.014
0.014
0.020
0.009
0.003
0.016
0.009
0.007
0.012
0.013
0.013
0.012
0.020
0.012
0.016
0.018
0.017
0.016
0.026
0.014
0.013
0.011
0.012

4.237
0.022
0.013
0.012
0.012
0.014
0.011
0.012
0.012
0.011
0.013
0.014
0.012
0.015
0.014
0.013
0.014
0.007
0.018
0.074
0.012
0.017
0.012
0.013
0.011
0.011
0.011
0.013
0.013
0.010
0.014
0.011
0.011
0.013
0.012
0.012
0.012
0.013
0.012
0.012
0.011
0.012
0.015
0.014
0.011
0.013
0.012
0.011
0.013
0.014
0.013
0.021
0.014
0.014
0.016
0.015

4.441
0.003
0.003
0.001
0.001
0.003
0.001
0.002
0.003
0.001
0.002
0.001
0.001
0.003
0.002
0.002
0.001
0.002
0.001
0.003
0.002
0.001
0.002
0.001
0.001
0.002
0.004
0.003
0.003
0.001
0.002
0.001
0.003
0.001
0.001
0.002
0.002
0.001
0.002
0.001
0.001
0.001
0.002
0.001
0.002
0.002
0.001
0.002
0.002
0.001
0.002
0.001
0.002
0.001
0.001
0.002

0.085
0.006
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.003
0.003
0.002
0.003
0.002
0.002
0.003
0.002
0.002
0.003
0.013
0.003
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.004
0.002
0.002
0.003
0.002

0.230
0.000
0.001
0.001
0.001
0.002
0.002
0.002
0.001
0.002
0.001
0.001
0.002
0.001
0.002
0.003
0.001
0.001
0.001
0.000
0.001
0.002
0.001
0.000
0.002
0.001
0.001
0.003
0.001
0.001
0.003
0.001
0.001
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.000
0.0Q2
0.002
0.001
0.002
0.002
0.001
0.002
0.002
0.001
0.001
0.003
0.001
0.002
0.002
0.001

12.05
7.15
7.04
6.78
6.93
6.91
6.87

-,, 7.00
7.16
6.74
7.29
7.17
7.14
7.00
6.99
6.85
7.28
7.05
6.88 —
6.94
7.54
7.20
6.97
7.09
7.13
6.96
6.78
6.79
6.90
6.90
7.03
6.82
6.96
7.16
6.99
8.25
8.33
7.17
6.88
7.08
7.19
6.88
6.97
6.95
7.00
7.02
6.99
7.02
7.07
7.01
6.88
6.82
6.91
6.94
6.84
7.11
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Table XXV. Common Logarithm of Normalized Release Rates (g/L).

Common Log[NormalizedReleaseRate(g/L)J
Glass B Si Na Al La

ARM-1 -0.2700 -0.5058 -2.3979 -0.8013 -0.6@l
EA

AC2-01
AC2-02
AC2-03
AC2-04
AC2-05
AC2-06
AC2-07
AC2-08
AC2-09
AC2-10
AC2-11
AC2-12
AC2-13
AC2-14
AC2-15
AC2-16
AC2-17
AC2-18
AC2-19
AC2-20
AC2-21
AC2-22
AC2-23
AC2-24
AC2-25
AC2-26
AC2-27
AC2-28
AC2-29
AC2-30
AC2-31
AC2-32
AC2-33
AC2-34
AC2-35
AC2-36
AC2-37
AC2-38
AC2-39
AC2-40
AC2-41
AC2-42
AC2-43
AC2-44
AC2-45
AC2-46
AC2-47
AC2-48
AC2-49
AC2-50
AC2-5 1
AC2-52
AC2-53
AC2-54
AC2-55 -1.9171 -1.8326 -2.6788 -2.6778 -2.9535

1.2810
-1.9449
-1.6349
-1.6699
-2.0852
-1.9404
-2.1217
-1.7985
-1.8387
-1.9157
-1.7419
-1.6083
-1.9255
-2.0130
-1.7287
-1.9737
-1.8889
-1.4881
-1.9388
-1.3617
-1.8578
-1.5731
-2.0535
-1.5534
-2.2005
-2.1015
-1.7741
-1.7194
-1,9289
-1.7371
-1.5869
-2.1228
-1.6885
-1.8575
-1.8514
-1.7083
-2.0336
-2.5133
-1.8026
-2.0236
-2.1451
-1.9138
-1.8936
-1.8793
-1.9176
-1.7080
-1.9105
-1.7905
-1.7549
-1.7622
-1.7934
-1.5912
-1.8608
-1.8919
-1.9698

0.6271
-1.6504
-1.8773
-1.9061
-1.9334
-1.8476
-1.9781
-1.9138
-1.9225
-1.9436
-1.8878
-1.8506
-1.9343
-1.8290
-1.8546
-1.8802
-1.8452
-2.1647
-1.7426
-1.1303
-1.9039
-1.7632
-1.9279
-1.9006
-1.9511
-1.9672
-1.9771
-1.8885
-1.9018
-2.0042
-1.8665
-1.9514
-1.9443
-1.8737
-1.9150
-1.9151
-1.9348
-1.8950
-1.9209
-1.9252
-1.9453
-1.9220
-1.8375
-1.8590
-1.9476
-1.8905
-1.9238
-1.9561
-1.8878
-1.8507
-1.8918
-1.6698
-1.8558
-1.8648
-1.7864

0.6475
-2.5693
-2.5523
-2.9400
-3.0212
-2.5320
-3.0253
-2.7774
-2.5455
-2.8789
-2.6653
-2.8983
-2.9720
-2.5059
-2.7500
-2.7460
-2.9141
-2.6949
-3.1266
-2.5561
-2.7198
-2.8459
-2.6057
-2.8305
-3.0084
-2.7777
-2.3604
-2.5561
-2.5593
-2.8499
-2.7741
-3.0816
-2.5946
-2.8751
-2.8391
-2.7354
-2.7443
-2.9138
-2.7699
-2.9502
-2.9654
-2.9453
-2.6693
-2.8351
-2.7826
-2.8054
-2.9949
-2.7173
-2.7947
-2.8583
-2.7288
-2.8302
-2.7985
-2.8254
-2.9853

-1.0706
-2.2167
-2.7298
-2.6057
-2.5896
-2.7291
-2.6026
-2.7451
-2.7270
-2.5972
-2.5797
-2.7498
-2.5965
-2.6388
-2.7429
-2.5728
-2.6327
-2.6629
-2.4649
-1.8962
-2.5732
-2.5585
-2.6203
-2.7328
-2.6081
-2.7595
-2.7566
-2.7160
-2.7313
-2.6121
-2.7642
-2.6006
-2.6926
-2.6632
-2.6249
-2.(X69
-2.6475
-2.6335
-2.6217
-2.6276
-2.6231
-2.5982
-2.7431
-2.7059
-2.6340
-2.6872
-2.6094
-2.6770
-2.7624
-2.7027
-2.6918
-~.41 59
-~.7~95
-~.7125
-~-~~

-0.6383
-3.3872
-2.8622
-2.8957
-3.2255
-2.6370
-2.6745
-2.7767
-2.8940
-2.6865
-2.8702
-3.1941
-2.7110
-2.8565
-2.8062
-2.4968
-2.8363
-3.0766
-2.8254
-3.4029
-2.8900
-2.6949
-3.1294
-3.3867
-2.7648
-3.2206
-2.8513
-2.5452
-3.0563
-2.8319
-2.5022
-3.0567
-2.8304
-2.6807
-2.9489
-3.0910
-2.8401
-3.1288
-2.8370
-2.9570
-3.4275
-2.7610
-2.7114
-2.9479
-2.8007
-2.7513
-2.9450
-2.6458
-2.6777
-2.9227
-2.8902
-2.5701
-3.1713
-2.7020
-2.6972
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Exhibit C.5 in Appendix C provides a series of plots showing the log NL’s of interest versus total
Ianthanide content. Various combinations of target compositions and measured compositions are
considered: PCT normalized using the target as well as measured compo~tions and each of these
plotted versus both target and measured (total) kmthanide content in the glass. The relationships
that are statistically significant (at the 5% significance level) out of those provided in Exhibit C.5
are summarized in Table XXVI. There is a great deal of scatter in all of the relationships in
Exhibit C.5 even those of Table XXVI that are statistically significant.

Table XXVI. PCT Results Showing a Statistically Significant Llnc$arRelationship
With the Total Ln203 Content

(SignificanceLevel at 5%)

Log NLIA1 Q/L)] (measured) Increases with Total Lanthanide (measured)
Log NLIAl (g/L)] (measured) Increases with Total Lanthamide (target)
Log NL[Nd (g/L)] (measured) Decreases with Total Lanthanide (measured)
Log NL[Nd (g/L)] (measured) Decreases with Total Lanthanide (target)
Log NL[Sr (g/L)] (measured) Decreases with Total Lanthanide (measured)
Log NL[Sr (g/L)] (measured) Decreases with Total Lanthanide (taget)
Log NLIAI (g/L)] (target) Increases with Total Lanthanide (measured)
Log NLIA1 (g/L)] (target) Increases with Total Lanthanide (target)
Log NL[B Q/I,)] (target) Decreases with Totat Lanthanide (target)
Log NL[Nd (g/L)] (target) Decreases with Total Lanthanide (measured)
Log NL[Nd (g/L)] (target) Decreases with Totrd Lanthanide (tmget)
Log NL[Sr (g/L)] (target) Decreases with Total Lanthanide (measured)
Log NL[Sr (g/L)] (target) Decreases with Total Lanthanide (target)

Figure 47 provides the JMP results when log NL[B (g/L] is regressed against the individual
(measured) Ianthanide concentrations. Only Gd20~ is statistically significant at the 5%
significance level, and all of the estimated effects are comparable. Thus, there is no indication of
a serious difference among the effects of the indhidual lanthanides on B leaching.

The durabilities of the duplicate glasses are contrasted in Exhibit C.6 of Appendix C. First, log
NL plots, determined using the measured compositions of these glasses, are presented; then
similar plots of the log NL values determined using the target compositions are shown.

To define the AGCR, a comparison of the normalized release rates of various glass components
for the Phase 2 glasses was made to those limits of the Environmental Assessment (EA) [20]
(with the appropriate confidence limits applied) as shown in Table XXVII. Normalized boron
release (NL [B]) was used as the key indicator of durability as previously described.
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Response: log NL 111(g/L)]
summary of Fit

RSquare 0.289754
RSquareAdj 0.166232
Root MeanSquareError 0.180303
Meanof Response -1.85465
Observations(or Sum Wgts) . . 55

Parameter IMrnates
Term Estimate
Intercept -1.276126
ce20J 0.0154335
Er203 -0.011039
EUZ03 -0.062622
Gdz03 -0.092438
bzo~ -0.006193
Nd203 -0.010560
PrzO~ -0.006261
Smz03 -0.018977

WHOLE-MODELTEST
-1.2

-1.4-
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-1.6-
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-24-
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Analysis of Variance
Source DF
Model 8
Error 46
C Total 54

-1.8 -1.6 -1.4 -1.2

Predicted

Sum of Squares
0.6100787
1.4954300
2.1055087

Std Error
0.330583
0.010515
0.012036
0.067757
0.031412
0.010675
0.006049
0.015282
0.018219

0.4

0.3

0.2

0.1

-0.0

t Ratio

-3.86
1.47

-0.92
-0.92
-2.94
-0.58
-1-75
-0.41
-1434

REsrDuALs

Prob>ltl
0.0004
0.1490
0.3638
0.3602
0.0051
0.5646

__ 0.0875
0.6839
0.3030
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iL--=--
-2.6 -24 -22 -20 -1.8 -1.6 -1.4 -1.2

log NL@ (@J nx Predicted

Mean Square F ~tiO

0.076260 2.3458
0.032509 Prob>F

0.0332

Figure 47. Results of JMP Regression of log NL [B (g/L)]
Versus Individual (Measured) Lanthanide Concentrations.

+ - outer layer extreme vertices (*40%); x – inner layer extreme vertices (HO%); y – specific
compositions using average feed composition; other symbols represent overall centroids,

Cc-spiked glasses, and the Am/Cm- 1A glass.

66



Immobilization Technology Section
Savannah River Technology Center
Westinghouse Savannah River Company

WSRC-TR-99-00393
Rev. O

---- .-

Table XXVII. Leachate Concentrations (ppm), Normalized Release (g/L), and
Log Normalized Release Rates (g/L) for the Environmental Assessment (EA) Glass.

Leachate Concentrations [20]
B (ppm) LI (ppm) Na (ppm) Si (ppm)

Mean 587 190 1662 893
Standard Deviation 43 14.5 112 86

Normalized Release (NL)-120]
B Q/L) Li (gIL) Na (gIL) Si (g/L)

Mean 16.695 9.565 13.346 3.922
Standard Deviation 1.222 0.735 0.902 0.376

Log Normalized Release (log NL)
B (g/L) Li (g/L) Na Q/L) Si (g/L)

1.233 0.981 1.125 0.594

—.

The averaged NL [B] (g/L) for the Phase 2 glasses was 0.0154 g/L and 0.0150 g/L, based on
measured and target compositions, respectively. The maximum [B] release observed in Phase 2
was 0.0435 g/L from AC2-19 which is still well below the EA limit of 16.695 g/L (the historical
reference vlalue). The minimum [B] release observed in Phase 2 was 0.0031 g/L from AC2-37.
Clearly, the AGCR is not limited by durability based on the results from the Phase 2 study as
compared to the EA glass limits for B. All Phase 2 glasses are roughly two orders of ma~itude
more durable (as defined by the PCT) than the EA glass. This is in good agreement with the
results observed for Phase 1.[9] The durability information from Phase 2 is su rnmarized in Figure
48.

19

I

EA limit
EA@F

18

17 (without 2(7)
2--------------- ------ ----- ----- ----- --

16

2

1

10“
. C. AC2-”.7 f&Ac2-37.2 n

-.
Avg Avg Mln w

(m*)
EA

(E@ (::) (:;) (::) (m)

Figure 48. Average, Maximum and Minimum NL [B] for the Phase 2 Glasses.
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8.7 RECOVERABILITY

The recovery of the Ianthanides as a function of dissolution time was cal~ulated for each glass
using the recovered mass from the solution analyses (see Table D. 1 in Appendix D) expressed as
a percentage of the lanthanides in each formulation. The glass compositions (see Appendix A for
Phase 2 compositions and Peeler et. al. [9] for selected Phase 1 compositions) were normalized
prior to calculating the lanthanide recoveries. The recovery data for each glass formulation as a
fimction of time is presented in Appendix D (see Table D.2).

Inspection of the recovery data in Appendix D shows that greater than 98% recovery of the
lanthanide elements was achieved from a majority of the SrABS glass formulations in less than 2
h; however, final recoveries for 14 glasses were actually slightly less than 98% (ranging between
95 and 98%). Since the recove~ of the Ianthanides at each time increment was based on a single
data point for most of the glass formulations, errors in the recovered lanthanide masses and total
lanthanides in each glass would be reflected in the lanthanide recovery and may not be apparent.
To determine if the error in the lanthanide recovery could explain the measured values which
were less than 98% at 2 h, an estimate of the variance was made using a propagation of errors
technique. —.

The percent lanthanide recovery (Rb) for each glass formulation was calculated using Equation
(4):

(4)

where the recovered mass of the Ianthanide elements (Mb) is the product of the volume of
solution (V.OMO~= 200 mL) and the sum of the measured lanthanides concentrations (Ci), and the
total Ianthanides in each glass (Gb) is the product of the Ianthanide mass fraction (Wtb) and glass

-0.25 g). To calculate the variance in the lanthanide recovery, errorssample size (h4Smple -

associated with the measurement of the solution volume and the sample size were assumed to be
small compared to errors associated with the measured Ianthanide concentrations and the total
lanthanides in each glass, and were ignored. With this assumption, an approximate expression for
the variance of the kmthanide recovery can be written as Equations (5) and (6).

(5)

To calculate the variance in the lanthanide recovery (VRJ using Equation (0 the v~~ce in the
recovered mass of the lanthanide elements ( V~b) was initially estimated for 12 of the 60 glasses
at either 0.25, 0.5, 1.0, 2.0, or 4.0 h using the analysis of 3 samples of the dissolving solution.
During the glass dissolutions, multiple samples of the 12 solutions were submitted to the SRTC-
ML to obtain an estimate of the variance in the measured concentrations. Any error associated
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with the sample dissolution procedure would not be reflected in this variance (or the variance in
the recovered masses); however, using a smaller variance in the propagation of errors is
conservative since the confidence interval for the lanthanide recovery would also be smaller. An
estimate of the variance in the lanthanide composition of the glasses (Vw~b) was calculated using
the 4 measured compositions for each of the glasses. For each glass formulation, the variance of
the Ianthanide concentration was calculated using normalized compositions. The individual
variances were then pooled to obtain the final estimate of variance. By pooling the individual
estimates, an assumption was made that the variance in the Ianthanide composition is not a
function of the total Ianthanides in the glasses.

Using the variances for the recovered Ianthanide masses and the pooled vai-iance for the
lanthanide compositions, Equation (6) was used to calculate the variance in the Ianthanide
recovery for the 12 glasses. The 12 values were then pooled to obtain the final estimate of
variance. Pooling the individual variances assumes the variance in the lanthanide recovery is not
a function of dissolving time. Calculation of the pooled variance in the Ianthanide recovery is
summarized in Appendix D (see Table D.3).

To calculate a 95% confidence interval for the Ianthrmide recovery, the standard deviation in the
Ianthanide recovery was calculated from the pooled variance and multiplied by the ap~.opriate
value horn the tdktribution. Conservatively, 24 degrees of freedom (2 from each estimate of the
lanthanide recovery variance) were used to specify a value of t equal to 2.06. Multiplying this

value by the pooled standard deviation (equal to +1.7$ZO)results in a 95% confidence interval of
~3.5vo. Therefore, the meas~~ values of the lanthanide recovery for the 14 glasses which were

slightly less than 9890 at 2 h are statistically indistinguishable from this value. All 55 Phase 2
glasses and the 5 selected Phase 1 glasses which were tested meet the recoverability criterion.

The recoverability data presented in Appendm D (see Table D.2) can be used to calculate the
dissolution rate of the SrABS glasses. Rudisill et al. .[36] showed that the rate of change of the
mass (kl) to surface area (SA) ratio with respect to time during nitric acid dissolution was constant
(-K,) for a 38 wt% Ianthanide borosilicate glass (see Equation (7)).

()d:
A

K,
dt ‘–

(7)

This constant, equal to the negative dissolution rate, is calculated from the data using the
following procedure.

Assuming the particles of glass can be approximated by spherical geometry, the mass and surface

area in Equation (7) can be substituted for in terms of the particle diameter and density (@.
Following integration, with the initial glass particle diameter equal to DO, an equation for the
particle diameter (D,) as a function of time is obtained (see Equation (8)).

D,=DO-~
P,

(8)
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For a glass particle, the Ianthanide recovery given by Equation (4) can also be defined by the ratio
of the mass of glass at any time (Ml) to the initial mass (Ikfo)prior to dksolution (see Equation
(9)). .-

(1M,
Rh =100 l-—

M.
(9)

Substituting for the mass in terms of the particle diameter and density yields an equation for the
Ianthanide recovery which is only a function of the glass particle diameter (Equation 10).

()D:
Rh =100l–—

D;
(10)

By substituting Equation (8) for the particle diameter, D,, Equation(11) is obtained which can be
used to calculate the glass dissolution rate from the Ianthanide recovery data.

Inspection of equation (8) shows that a plot offlRb) versus time is linear with a slope equal to -
.

6KR/p~ and a y-intercept of Do. This analysis is only v~id for lantha@de recovery values less
than or equal to 100%; therefore, values greater than 100% (due to data scatter) used to calculate
dissolution rates were rounded to a value of 100%.

As an illustration of this analysis, lanthanide recovery data from AC247 were used to calculate

flRh) and plotted as a function of time in Figure 49. An initial glass particle diameter of 324 pm
was used for the calculations. This value is the geometric mean of a spherical particle which

passes through a 35 mesh screen (420 pm) and is retained on a 60 mesh screen (250 pm). The
density of theglass”(4.351 g/cm3) measured by gas pycnometry (see Table X) was used in the
dissolution rate calculation. The least squares line through the data in Figure 49 has a slope of -
0.0252 cm/h which allows calculation of a dissolution rate for the AC247 glass equal to 0.018
g/kcm2. The dissolution rates for all the Phase 2 and the selected Phase 1 glasses are presented in
Append~x D (see Table D.4).

The measured dissolution rates for the SrABS glasses range from 0.007 to 0.034 g/Ivcm2
suggesting the rate may correlate. with changes in the glass composition. Figures 50 and 51
illustrate that the dissolution rate is proportional to the lanthanide oxide concentration and
inversely proportional to the silicon oxide (SiOz) concentration. The correlation with the
Ianthanide oxides is slightly stronger than the correlation with SiOz (correlation coefficient (R) of
0.67 versus 0.6 1). The inverse relationship of the lanthanide oxides and SiOz to the dissolution
rate is not unexpected. The Ianthanide oxides are soluble in nitric acid while SiOz is relatively
insoluble.[37] When SiOz is replaced with a Ianthanide in the glasses with higher (&n/Cm)
loadings, the glass becomes more easy to dissolve in nitric acid. Since the glass dissolution rates
were calculated based on a limited number of data points (generally 3), data scatter is quite
evident in the plots (see Figures 50 and 51). The relative standard deviation of the dissolution
rates (see Table D.4 in Appendix D) ranges between O and 35% (with an average of 12) which
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could account for much of the scatter about the regression lines in Figures 50 and 51; however,
other factors, such as minor component compositions and particle morphology (i.e. available
surface area), certainly contribute to the ease of dissolution.

The rates given in Appendix D (see Table D.4) for the SrABS glasses can be used to calculate the
expected Ianthanide recovery as a function of time. Equation (8) is used to calculate the particle
diameter at any time which can be substituted into Equation (10) to predict the Ianthanide
recovery. The recovery data and prediction curve for AC247 are plotted on Figure 52 to
illustrate this analysis. The predictive curve defined by Equations (8) and (10) for the SrABS
glasses must be shifted 5-10 minutes from the origin to account for slower dissolution rates while
the nitric acid solution heats to 110”C. The spherical particle model assumes isothermal
conditions during the glass dissolution. The model predictions also support the conclusion that
all Phase 2 glasses and the selected Phase 1 glasses meet the recoverability criterion. All glass
dissolutions are predicted to achieve at least a 98% recovery of the lanthanides elements in less
than 2 h.

Elemental analyses for other components of the SrABS glasses were obtained with the Ianthanide
elements. The concentrations of aluminum, boron, strontiun and silicon were measured in the
dissolving solutions. Elemental recoveries were calculated for these elements in the same manner
as the Ianthanides. In general, the recovery of aluminum, boron, and strontium tracked the results
obtained for the Ianthanide elements with values approaching complete recovery in
approximately 2 h. For silicon, typically 2-5% of the total in the glass sample was initially
soluble after 0.25 h. This value decreased over time as the dissolving proceeded and was usually
less than 1% when the last sample was removed from the oven. Prior to purification of the actual
Am/Cm isotopes the insoluble silicon oxide should be easily removed by filtration.
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Figure 49. Calculation of the Dissolution Rate for AC2-47.
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Figure 50. Correlation of Glass Dissolution Rate with Lanthanide Oxide Composition.
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Figure 51. Correlation of Glass Dissolution Rate with Silicon Dioxide Concentration.
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Figure 52. Predicted Lanthanide Recovery from AC2-47.
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9.0 DEFINITION OF PHASE 2 AGCR

Figure 53 identifies the Phase 2 AGCR based on target compositions. Glasses within the AGCR
simultaneously meet all processing and performance constraints as definEd for Phase 2.
It should be noted that only the T= constraint limits the Phase 2 AGCR. Two glasses AC2-04 and
AC2-18 had Tti exceeding the 1350”C constraint. Given this (and ignoring the uncertainties
associated with the TLmeasurement), the AGCR is only limited by those glasses with> 63.5
mass % total Ln203 (based on target compositions). That is, Phase 2 glasses targeting between 49
and -63 mass % total Ln203 content met all process and product performance specifications as
defined by Martin [12].

.,

Figure 54 shows the same compositional ternary with the Phase 2 glasses identified by their
measured compositions. The AGCR is slightly reduced based on measured compositions, with
Phase 2 glasses between 49 and -62.5 mass % total LnzOg meeting all specifications. This slight
reduction is due to measurement uncertainties associated with AC2-04 and AC2-18.
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Figure 53. Definition of Phase 2 AGCR Based on Target Compositions.
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Figure 54. Definition of Phase 2 AGCR Based on Measured Compositions.

10.0 CONCLUSIONS

The objective of this research was to evaluate the effect of compositional uncertainties on the

primary processing and product performance criteria for potential glasses to be processed in the
MPPF. Given the feed composition (and its potential k 20% or t 40% variation), the composition
of 25 SrABS, and the target feed loading range of 32 – 52 mass % for the process, an experimental
glass composition region (EGCR) for Phase 2 testing was defined. In this study, fifty-five glasses
were fabricated and both process and product performance properties were meastied as a
fimction of glass composition. These properties were assessed against predefine constraints to
define an acceptable glass composition region (AGCR) in which all property constraints were
simultaneously satisfied.

As a result, an AGCR has been identified in which glasses meet all processing and product
performance criteria as currently defined. The operational window is only limited at Lnz03
concentrations exceeding - 63 mass % (target) or -62.5 mass % (measured) based on Iiquidus
temperature. In other words, all glasses with total Ln203 concentrations between 49 – 62.5 (based
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on the conservative measured data) would be acceptable from both a processing and product
performance perspective with the limits that the study was developed.

The major observations for the Phase 2 variability study are summarizeii%elow:

(1)

(2)

CHEMICAL COMPOSITION
The target compositions for the Phase 2 glasses were adequately met. The batching and
analytical processes introduced some slight discrepancies. However, these discrepancies had
little to no affect on the representativeness and value of the data acquired during this study.
Multi-element standard solutions and standard glasses were introduced into the analytical
process as a quality check on the Phase 2 chemical composition measurements. The
measurements obtained on the standards also were used to bias-correct the measured
compositions. The bias-comcted values were compared to the target and measured
compositions and were deemed to have no significant impact on the evaluated results. Thus,
the evaluation of composition - property relationships will be primarily based on the target
and measured compositions.

HOMOGENEITY
(3) All Phase 2 glasses were homogeneous as defined by X-ray diffraction (XRD). It should be

noted that this property was not used in the definition of the Phase 2 AGCR due to—~e
manner in which the variability study glasses were fabricated (e.g., use of oxides and
carbonates instead of oxalate / cullet).

DURABILITY
(4) The AGCR is not restricted by durabihy as defined by the 7-Day Product Consistency Test

(PCT), ASTM C-1285-94.
(5) PCT results indicate that the Phase 2 EGCR glasses are at least 2 orders of magnitude more

durable than the Environmental Assessment (EA) glass based on normalized boron releases.

VISCOSITY
(6)

(7)

The Phase 2 AGCR is not restricted by the upper viscosity (q ~~~o)constraint of 24 Poise at

1350”C. It should be noted that the lower q 1350constraint (3 Poise at 1350°C) was not used
to define the AGCR although three Phase 2 glasses may have viscosities below this limit.

The viscosity constraint is primarily being driven by the upper li@t (q ~3w= 24 Poise) and its
relation to maintaining a continuous pour stream (i.e., continuous versus drip modes).
Glasses with lower viscosities should not constitute a continuous pour concern.
A majotity of the Phase 2 glasses did not possess the linear Arrhenian type behavior typical
of borosilicate based glasses. The viscosity versus temperature relationship of these glasses
were considered to be piece wise linear. .Thk phenomena has been linked to possible high
temperature structural changes (i.e., the formation of nano-phase clusters rich in both rare
earths and silica that could eventually lead to or precipitate crystallization).

LIQUIDUS TEMPERATURE
(8)

(9)

- -:,.,.,-.

The AGCR is limited by the Iiquidus temperature constraint with 2 of the 55 Phase 2 glass
T~’s exceeding 1350°C. AC2-04 and AC2-18 had measured T~’s of 1405° and 1366°C,
respectively. This observation restricts the AGCR to the fabrication of glasses containing<
63.5 mass % total Lnz03 content (based on target compositions) or <62.5 mass % total Lnz03
content (based on measured compositions).
Within the Phase 2 EGCR, two primary phase fields were observed: a rare earth silicate

(RES) phase and mullite (A1Z03). The alumino-silicate (AIS) phase observed in Phase 1 at <

0
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-42.5 mass % total Lnz03 content (on an measured basis) was not observed in Phase 2. It
should be noted that the design of the Phase 2 matrix had a lower total Ln203 concentration
limit of 49 mass % therefore the AIS primary was not expected based on Phase 1 results.

(10) A clear distinction continues to exist between the RES and AIS p- phase fields in
terms of total lanthanide content for both Phase 1 and Phase 2 glasses. However, the use of
total Ln203 concentration does not provide a demarcation of the A1203 primary phase field.

(11) Projecting the Phase 1 and Phase 2 glass compositions into a SiOZ- AlzOs-Lnz03
submixture clearly differentiates the three primary phase fields.

(12) Although 84 of the 86 Phase 1 and Phase 2 glasses meet the 1350”C T= specification, this
measurement does not provide any insight into the kinetics of devitrification which has
been a technical issue for processing (i.e., plugging the drain tube). ~.

RECOVERABILITY
(13) All 55 Phase 2 glasses and the 5 selected Phase 1 glasses which were tested met the

recoverability criterion (dissolution of 98% of the lanthanide elements in less than 2 h);
therefore, no limitations are placed on the AGCR as a result of these tests.

(14) Dissolution of the SrABS glasses was described by a spherical particle model based on the
observation that the rate of change of the mass to surface area ratio of lanthanide-
conta.ining glasses during nitric acid dissolution is constant. Calculation of the d~solution
rates for the 60 glasses using the recoverability data showed the rate is proportional to the
Ianthanide oxide concentration and inversely proportional to the Si02 concentration in the
glass. When Si02 is replaced with a lanthanide element at higher (Am/Cm) loadings, the
glass becomes more easily dissolved in nitric acid due to the solubfity of the Ianthrmide
oxides compared to Si02.
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Appendix A
Table Al: Measured Compositions (Using Lithium-metaborate Dissolution Method)
(concentrations are expressed as weight percents)
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Block Seauence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr

2
3
4
5
6
7
8
9
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
1

1-1 ‘1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-2

EA elml11
AC2-32 fZ?Olml1
AC2-18 f251ml 1
AC2-32 f20hn21
AC2-05 f40hn21
AC2-23 f051ml 1
AC2-25 f451ml 1
AC2-29 f50hn21
AC2-54 f561ml 1
AC2-18 f25hn21
AC2-47 f10hn21
AC2-24 f15hn21
AC2-33 f351ml 1

EA elml 12
AC2-33 f35hn21
AC2-24 f151ml 1
AC2-25 f451m21
AC2-23 f05hn21
AC2-29 f501ml 1
AC2-31 f551ml 1
AC2-43 f301m21
AC2-05 f401ml 1
AC2-31 f551m21
AC2-47 flOlml 1
AC2-54 f56hn21
AC2-43 f301ml 1

EA elml 13
EA elm121

0.803 <0.030 6.32 1.05 0.445 0.044 1.124 0.022
0.014 <0.030<0.020<0.010<0.060 1.480 0.020 0.022
0.022 <0.030<0.020<0.010<0.060 1.730 0.031 0.022
0.02 <0.030<0.020<0.010<0.060 1.440 0.028 0.022

0.017 <0.030 0.028 <0.010<0.060 1.680 0.024 0.022
0.014 <0.030<0.020<0.010<0.060 1.730 0.020 0.022
0.013 <0.030<0.020<0.010<0.060 1.670 0.018 0.022
0.011 <0.030<0.020<0.010<0.060 1.220 0.015 0.022
0.018 <0.030 0.057 <0.010<0.060 1.200 0.025 0.022
0.02 <0.030<0.020<0.010<0.060 1.780 0.028 0.022

0.015 <0.030<0.020<0.010<0.060 1.450 0.021 0.022
0.015 <0.030<0.020<0.010<0,060 1.160 0.021 0.022
0.013 <0.030<0.020<0.010<0.060 1.480 0.018 0.022
0.796 <0.030 6.06 1.03 0.431 0.043 1,114 0.022
0.012 <0.030<0.020<0.010<0.060 1.430 0.017 0.022
0.013 <0.030<0.020<0.010<0.060 1.190 0.018 0.022
0.015 <0.030 0.032 <0.010<0.060 10660 0,021 0.022
0.016 <0.030<0.020<0.010<0.060 1.650 0.022 0.022
0.014 <0.030 0.023 <0.010<0.060 1.170 0.020 0.022
0.012 <0.030 0.016 <0.010<0.060 1.690 0.017 0.022
0.014 <0.030 0.012 <0.010<0.060 1.530 0,020 0.022
0.018 <0.030 0.023 <0.010<0.060 1.710 0.025 0.022
0.014 <0.030 0.026 <0.010<0.060 1.730 0.020 0.022
0.027 <0.030 0.021 <0.010<0.060 1.470 0.038 0.022
0.018 <0.030 0.046 <0.010<0.060 1.240 0.025 0.022

10.015 <0.030 0.017 <0.010<0.060 1.640 0.021 0.022
0.818 <0.030 6.42 1.08 0.438 0.044 1.145 0.022
0,83 <0.030 6.58 1.06 0.454 0.028 1.161 0.022

9.036 1.3560.5660.052
0.014 0.0060.038 1.750
0.014 0.0060.0382.046
0.014 0.0060.038 1.703
0.040 0.0060.038 1.987
0.014 0.0060.0382.046
0.014 0.0060.038 1.975
0.014 0.0060.038 1.443
0,081 0.0060.038 1.419
0,014 0.0060.0382.105
0.014 0.0060.038 1.715
0.014 0.0060.038 1.372.
0.014 0.0060.038 1.750
8.664 1.3300.5480.051
0.014 0.0060.038 1.691
0.014 0.0060.038 1.407
0.046 0.0060.038 1.963
00014 0,0060.038 1.951
0,033 0.0060.038 1.384
0.023 0.0060.038 1.999 ~
0.017 0.0060.038 1.809 ‘
0,033 0.0060.0382.022
0.037 0.0060.0382,046
0.030 0.0060,038 1.738
0.066 0.0060.038 1.466
0.024 0.0060.038 1.939
9.179 1.3940.5570.052
9.407 1.3690.5780.033

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that these measurements are believed to be switched.
They are relabeled accordingly elsewhere in this report. ,

c implies less than detection limit,
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(concentrations are expressed as weight percents)

Block Seauence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
1
2
3

1-2 ‘2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
2-1
2-1
2-1”

AC2-43 f301m12 0,025 <0.030<0.020 cO.O1O<0.060 1.640 0.035 0.022 0.014 0.0060.038 1.939
AC2-31 f551m12 0.024 <0.030 cO.020 <0.010<0.060 1.780 0.034 0.022 0,014 0.0060.0382.105
AC2-29 f501m12 0.016 <0.030 0.035 cO.O1O<0.060 1.180 0.022 0.022 0.050 0.006 0.038 1.395
AC2-43 f30hn22 0.26 <0.030<0.020<0.010<0.060 1.570 0.364 0.022 0.014 0.0060.038 1.857
AC2-32 f201m12 0.029 <0,030 0,021 cO.O1O<0.060 1,500 0.041 0.022 0,030 0.0060.038 1.774
AC2-33 f351m12 0,025 cO.030 0.031 cO.O1O<0.060 1.490 0,035 0.022 0.044 0.0060.038 1.762
AC2-47 f101m12 0.04 <0.030 0.028 <0.010<0.060 1.550 0.056 0.022 0.040 0.0060.038 1,833
AC2-05 f401m12 0.029 cO.030 0.03 cO.O1O<0.060 1.790 0.041 0.022 0.043 0.0060.0382.117
AC2-25 f451m22 0.025 <0.030 0,033 cO.O1O<0,060 1,720 0.035 0.022 0.047 0.0060,0382.034
AC2-31 f55hn22 0.026 <0.030 0.032 <0.010<0.060 1.820 0.036 0.022 0.046 0.006 0.0382.152
AC2-05 f401m22 0.03 <0.030 0.052 <0,010<0.060 1.730 0.042 0.022 0.074 0.0060.0382.046
AC2-29 f501m22 0.022 <0.030 0,03 cO,O1O<0.060 1.250 0.031 0.022 0,043 0,0060,038 1.478

EA elm122 0.849 <0.030 6.67 1.08 0.436 0.028 1.188 0.022 9,536 1.3940,5550.033
AC2-24 f15hn22 0.026 <0.030<0.020<0.010<0.060 1.270 0.036 0.022 0.014 0.0060.038 1.502
AC2-24 f151m12 0.025 <0.030<0,020 cO,O1O<0,060 1,250 0.035 0,022 0.014 0,0060.038 1.478
AC2-33 f351m22 0,027 <0.030 0.021 <0,010<0.060 1,470 0.038 0.022 0,030 0,0060,038 1.738
AC2-23 f05hn22 0.027 <0.030<0.020<0.010<0.060 1.800 0.038 0.022 0.014 0.0060.0382.129
AC2-18 f251m22 0.031 <0.030 cO.020 cO.O1O<0.060 1.900 0.043 0.022 0.014 0.0060.0382.247
AC2-54 f561m22 0,029 <0.030 0.051 cO.O1O<0.060 1.190 0.041 0.022 0,073 0.0060,038 1.407
AC2-54 f561m12 0.026 <0.030 0.058 cO.O1O<0,060 1.200 0,036 0.022 0.083 0.0060.038 1.419
AC2-47 f101m22 0.027 <0.030<0.020<0.010<0.060 1.470 0.038 0.022 0,014 0.0060.038 1.738
AC2-23 f051m12 0.024 cO.030 cO.020 cO.O1O<0.060 1.750 0.034 0,022 0.014 0.0060.0382.070
AC2-18 f251m12 0.034 <0.030 0.026 <0.010 cO.060 1.750 0.048 0.022 0.037 0.0060.0382.070
AC2-25 f451m12 0.024 <0.030<0.020 cO.O1Oc0,060 1.760 0.034 0.022 0.014 0.0060.0382.081
AC2-32 f20hn22 0.034 <0.030 0.055 <0.010<0.060 1,470 0.048 0.022 0.079 0.0060.038 1.738

EA elm123 0.83 <0.030 6.59 1.05 0.444 0.028 1.161 0.022 9.422 1.3560.5650.033
EA ehn211 0.835 cO.030 6.54 1.07 0.439 0.044 11.168 0.022 9.350 1.3820.5590.052

AC2-44 f441ml 1 0.018 <0.030<0.020 0.014 <0.060 1.300 0.025 0.022 0,014 0.018 0.038 1.537
AC2-48 f341ml 1 0.016 <0,030 cO.020 0.013 cO.060 1.700 0.022 0,022 0.014 0.0170.0382.010

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report. I
< implies less than detection limit.
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5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4
5
6
7

R
1{

Block Sequence Glass ID Lab ID Ca Cr Fe. Mn Ni Sr Ca Cr Fe Mn Ni Sr;,;
1) 2-1
ii

4 AC2-14 f191ml 1 0.025 <0.030<0.020 0.014 <0.060 1.730 0.035 0.022 0.014 0.0180.0382.046

~ 2-1

II 2-1
11 2-1
~j 2-1
~! 2-1I(
!!X 2-1
rIu 2-1;,’
!! 2-1,,17
~

2-1

11

2-1
2-1

!1,! 2-1
nii 2-1
!?!, 2-1:;
:$ 2-1
i$
jj

II

2-1

I
2-1
2-1
2-1
2-1

[ 2-1
2-2
2-2
2-2
2-2
2-2

,, 2-2
2-2

‘i

AC2-51 f09hn21 0.018 <0.030 0.046 0.015 <0.060 1.320 0.025 0.022
AC2-03 tl141m21 0.024 <0,030<0.020 0.014 <0.060 1.710 0.034 0.022
AC2-44 f441m21 0.021 <0,030 0.022 0.015 <0.060 1.310 0.029 0.022
AC2-01 f391ml 1 0.023 <0.030 0.036 0.014 <0.060 1.200 0.032 0.022
AC2-52 f241ml 1 0.016 <0.030 0.04 0.016 <0.060 1.760 0.022 0.022
AC2-38 f491ml 1 0.019 <0.030<0.020 0.014 <0.060 1.390 0.027 0.022
AC2-20 f14hn21 0.024 <0.030<0.020 0.014 <0.060 1.210 0.034 0.022
AC2-38 f491m21 0.018 <0.030<0.020 0.014 <0.060 1.350 0,025 0.022

EA elm212 0.859 <0.030 6,58 1.06 0.44 0.044 1.202 0.022
AC2-52 f24hn21 0.018 <0.030 0.059 0.016 <0.060 1.790 0.025 0.022
AC2-19 f291m21 0.019 <0.030<0.020 0.014 <0,060 1.740 0.027 0.022
AC2-15 f541ml 1 0.021 <0.030 0,02 0.015 <0,060 1.190 0.029 0.022
AC2-20 f141ml 1 0.021 <0.030<0.020 0.014 <0.060 1.170 0.029 0.022
AC2-19 f291ml 1 0.026 <0.030<0.020 0.014 <0.060 1.830 0.036 0.022
AC2-48 f34hn21 0,017 <0,030 0.02 0.014 <0.060 1.690 0.024 0.022
AC2-51 f091ml 1 0,022 cO.030 0,043 0.015 <0.060 1.320 0.031 0.022
AC2-01 t391m21 0.02 <0,030 0,037 0,014 <0,060 1.190 0,028 0,022
AC2-14 f19hn21 0.021 <0.030 0,022 0,014 <0,060 1.730 0,029 0.022
AC2-03 f041ml 1 0.024 <0.030<0.020 0,014 c0,060 1.700 0.034 0.022
AC2-15 f541m21 0.014 <0.030 0.03 0,015 <0,060 1,240 0,020 0,022

EA elm213 0.829 cO.030 6,49 1.05 0,434 0.043 1,160 0,022
EA ehn221 0.892 <0.030 6.61 1.07 0,459 0.044 1.248 0.022

AC2-38 f491m12 0.024 <0.030 0.031 0.013 <0.060 1.330 0.034 0.022
AC2-14 f19hn22 0.024 <0.030 0.037 0.014 <0.060 1.750 0.034 0.022
AC2-48 f34hn22 0.02 <0.030 0.058 0.014 <0.060 1.730 0.028 0.022

IAC2-14 f191m12 0.031 cO.030 0.03 0.014 <0.060 1.730 0.043 0.022
AC2-19 f291m12 0,033 c0,030 0.03 0.014 <0.060 1.800 0.046 0.022
AC2-15 f541m12 0.028 <0.030 0.039 0.014 cO.060 1.240 0.039 0.022

0.066
0.014
0.031
0.051
0.057
0.014
0.014
0.014
9.407
0.084
0.014
0.029
0.014
0.014
0.029
0.061
0.053
0.031
0.014
0!043

9.279
9.450
0.044
0.053
0.083
0.043
0.043
0.056

0.0190.038 1.561
0,0180.0382.022
0,0190.038 1.549
0.0180.038 1.419
0.021 0.0382,081
0.0180.038 1.644
0.0180.038 1.431
0.0180.038 1.597
1.3690.5600.052
0.021 0.0382.117
0.0180.0382.058
0.0190.038 1.407
0.0180.038 1.384
0.0180.0382.164
0.0180,038 1,999
0.0190.038 1.561
0.0180,038 1.407
0.0180,0382.046
0.0180.0382.010
0,0190.038 1.466
1,3560.5520.051 ‘
1.3820.5840,052
0.0170.038 1,573
0.0180,0382.070
0,0180.0382.046
0.0180.0382.046
0.0180.0382.129
0.0180.038 1.466

The as-reported values for AC2-30 and AC2-53 are shaded to indicate
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
c implies less than detection limit.

that
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Appendix A WSRC-TR-99-O0393
Table A. 1: Measured Compositions (Using Lithium-metaborate Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Secwence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
1.1

2-2 “
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
3-1
3-1
3-1’

3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1

AC2-20 f14hn22 0.027 <0.030 0.031 0.013 <0.060 1.240 0.038 0.022 0.044 0.017 0.038 1.466
AC2-51 f091m12 0.028 <0.030 0,064 0.015 <0,060 1,340 0.039 0.022 0,092 0.0190.038 1.585
AC2-01 f391m22 0.048 <0.030 0.048 0.014 <0.060 1.230 0.067 0.022 0.069 0,018 0.038 1,455
AC2-03 f041m12 0.029 <0.030 0.023 0.013 <0.060 1.760 0,041 0.022 0.033 0.0170.0382.081
AC2-44 f441m12 0.023 <0.030 0.039 0.014 <0.060 1.360 0.032 0,022 0.056 0.018 0.038 1.608

EA elm222 0.839 <0.030 6.7 1.09 0.468 0.045 1.174 0.022 9.579 1.4070.5960.053
AC2-03 f041m22 0.029 <0,030 0.022 0.014 0.431 1.760 0.041 0.022 0.031 0.018 0.5482.081
AC2-20 f141m12 0.026 <0.030 0.023 0.013 <0.060 1.190 0.036 0.022 0,033 0.017 0,038 1.407
AC2-52 f241m12 0.023 <0.030 0.06 0.015 <0.060 1.810 0.032 0.022 0.086 0,0190,0382.141
AC2-52 f24hn22 0.021 <0.030 0,079 0,016 <0,060 1,760 0.029 0.022 0.113 0.021 0.0382.081
AC2-44 f441m22 0.028 <0.030 0.036 0.014 <0.060 1.400 0.039 0.022 0.051 0.018 0.038 1.656
AC2-01 f391m12 0.029 <0.030 0.054 0.014 <0.060 1,220 0,041 0,022 0,077 0.018 0,038 1.443
AC2-51 f09hn22 0.023 <0.030 0.067 0.015 <0.060 1.310 0.032 0.022 0.096 0.0190,038 1.549
AC2-38 f491m22 0.023 <0,030 0,042 0.014 <0.060 1.320 0.032 0.022 0.060 0.0180.038 1.561
AC2-48 f341m12 0.022 <0.030 0.032 0.013 <0,060 1.740 0.031 0,022 0.046 0.0170.0382.058
AC2-15 f541m22 0,02 cO.030 0.052 0.014 <0.060 1.170 0.028 0.022 0.074 0.0180.038 1.384
AC2-19 f29hn22 0.025 <0.030 0.025 0.014 <0,060 1.760 0,035 0.022 0.036 0.018 0.0382.081

EA elrn223 0,846 <0.030 6,52 1.09 0.458 0.045 1.184 0.022 9.322 1.4070.5830.053
EA elm311 0,829 <0.030 6.12 1.04 0.503 <0.0101.160 0.022 8,750 1.3430.6400.006

AC2-46 f281m21 0.012 <0.030<0.020<0.010<0.060 1.200 0.017 0.022 0.014 0,0060.038 1.419

$~~~~ “f$~~jl’ +l@Q @030.;<@j~O<OO:i0cO~~‘i$NO~d.,?O~@O~2’“6;O~~:’O@~&’’&O38~384 :
AC2-26 f38hn21 <0.010<0.030<0.020<0.010 <0.060 1.210 0.007 0.022 0.014 0.0060.038 1,431 \

AC2-27 f481ml 1 0.015 <0.030 0.021 cO.010 <0.060 1.180 0.021 0.022 0.030 0.0060.038 1.395
AC2-27 f481rn21 0.017 <0,030<0.020<0.010<0.060 1.210 0.024 0.022 0.014 0.006 0.038 1.431
AC2-06 f18hn21 0.013 <0,030<0.020<0,010<0.060 1.220 0.018 0.022 0,014 0,0060.038 1.443
AC2-07 f431m21 0.016 <0,030 0.022 <0,010<0,060 1,230 022 0.022 0.031 0,0060,038 1.455P“
AC2-10 f031m21 0.019 <0.030<0.020 cO.O1OcO.060 1.750 0.027 0.022 0.014 0.0060.0382.070
AC2-08 f081m21 0.024 <0.030 0.024 <0.010<0.060 1.790 0.034 0.022 0.034 0.0060.0382.117

‘“- “’”..:?+.,.’’” ~‘ ‘~n-
@2-53f5W’11. 0:0,16$,%0,03d<~{020~OOjd:<O;O~0 1;200 0:~2~ ,:0:0~2’’,’~.@~’O.00~ @038 1.419.-.,........ ,. ?’ .,,. .,, . ...< ,,

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
c implies less than detection limit.

I
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Appendix A
Table A.]: Measured Compositions (Using Lithium-metaborate Dissolution Method)
(concentrations are expressed as weight percents)

WSRC-TR-99-O0393
Revision O

Block Sequence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr

3-1 “
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2

‘ 3-2,..

12
13
14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4

5
6
7
8
9
10
11
12
13
14

ARM f13hn21 1.63
EA elm312 0.817

ARM f131mll 1.68
AC2-46 f281ml 1 0.013
AC2-10 tl131ml1 0.022
AC2-13 f33hn21 0.017
AC2-06 f181ml 1 0.016
AC2-55 f231ml 1 0.014
AC2-08 f081ml 1 0.022
AC2-13 f331ml 1 0.02
AC2-07 f431ml 1 0.018
AC2-55 f231m21 0,013
AC2-26 f381ml 1 0,012

EA e1m313 0.826
EA elm321 0,826

AC2-08 f081m12 0.036
AC2-27 f481m22 0.029
AC2-13 f33hn22 0,029
AC2-55 f231m12 0.028
AC2-10 f03hn22 0.033
AC2-13 f331m12 0.038
ARM f131m22 1,67

AC2-27 f481m12 0,03
AC2-26 f381m12 0.024
AC2-46 f281m12 0.026
AC2-08 f081m22 0.038

EA elm322 0.834
AC2-07 f43hn22 0.029

<0.030 0.024 0.01 <0.060 0.411 2.281 0.022
<0.030 6.24 1.06 0.513 <0.010 1.143 0.022
<0.030<0.020<0.010 0.431 0.419 2.351 0.022
<0.030 0.034 <0.010<0.060 1.220 0.018 0.022
<0.030 0.02 <0.010<0.060 1.720 0.031 0.022
<0.030 0.043 <0.010<0.060 1.220 0.024 0,022
<0.030<0.020 <0.010<0.060 1.180 0.022 0.022
<0.030<0.020<0.010<0.060 1.410 0,020 0.022
<0.030 0,032 <0.010<0.060 1.670 0.031 0.022
<0.030 0.043 <0.010<0,060 1.210 0.028 0.022
<0.030<0.020<0.010<0.060 1.250 0.025 0.022
<0.030<0,020<0,010<0.060 1.450 0.018 0,022
<0.030 0.098 <0,010<0.060 1.220 0,017 0,022
<0.030 6.27 1.05 0.474 <0.010 1,156 0.022
<0,030 6,15 1,06 0.494 <0,010 1,156 0.022
<0.030 0.02 0.011 <0,060 1.730 0,050 0.022
<0.030<0.020 0.011 <0.060 1.220 0.041 0,022
<0.030 0.031 0.011 <0.060 1.210 0.041 0,022

<0,030<0,020 0,011 <0.060 1.490 0.039 0,022
<0.030<0.020 0.011 <0.060 1.820 0,046 0.022
<0.030 0.046 0.012 <0,060 1.220 0.053 0.022
<0.030 0.024 0.017 <0,060 0.424 2.337 0.022
<0.030 0.025 0.011 <0.060 1.270 0.042 0.022
<0.030 0.07 0.011 <0.060 1,240 0.034 0.022
<0,030 0,032 0,011 <0.060 1.230 0,036 0.022
<0.030 0,024 0.011 <0.060 1.710 ,0.053 0.022
<0.030 6,28 1,06 0.496 <0.010 Il. 167 0.022
<0.030 0.024 0.011 <0.060 1.210 0.041 0,022

0.034 0.0130.0380.486
8.921 1.3690.6530.006
0.014 0.0060.5480.496
0.049 0.0060.038 1.443
0.029 0.0060.0382.034
0.061 0.0060.038 1.443
0,014 0.0060.038 1,395
0.014 0.0060.038 1.667
0.046 0.0060.038 1.975
0.061 0.0060.038 1.431
0.014 0.0060.038 1.478
0.014 0,0060.038 1.715
0.140 0,0060.038 1.443
8.964 1.3560.6030.006
8,793 1,3690.6290.006
0.029 0.0140.0382.046
0.014 0.0140.038 1.443
0.044 0.0140,038 1.431
0.014 0.0140,038 1.762
0.014 0.0140.0382.152
0.066 0.0150.038 1.443 ,
0.034 0,0220.0380.501 1

0.036 0.0140,038 1,502
0,100 0.0140.038 1,466
0.046 0.0140.038 1.455
0.034 0,0140.0382.022
8.979 1,3690.6310.006
0.034 0.0140,038 1,431

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched,

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.
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Appendix A
Table A. 1: Measured Compositions (Using Lithium-metaborate Dissolution Method)
(concentrations are expressed as weight percents)

WSRC-TR-99-O0393
Revision O

Block Sequence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr

3-2 16 ARM f131m12 1.64 <0.030 0.035 0.017 <0.060 0.410 2.295 0.022 0.050 0.0220,0380.485
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1

17
18
19
20
21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

AC2-07 f431m12 0.031 <0,030<0,020 0.011 <0.060 1.210 0,043 0.022 0.014 0.0140.038 1.431
AC2-10 f031m12 0.035 <0,030 0.021 0.011 <0.060 1.700 0.049 0.022 0.030 0.0140.0382.010
AC2-06 f181m12 0.03 <0.030<0.020 0.011 <0,060 1.210 0.042 0.022 0.014 0.0140.038 1.431
AC2-55 f23hn22 0.027 <0,030<0.020 0.01 <0.060 1,450 0.038 0.022 0.014 0.0130.038 1.715

+@2;5j, f5,3~&~ 0:0~4.. @J3(S>~.O~OS${0~0$~. <OJ16fi. 1,250 0;034 0.’@2 0.033 O.@i ~.038, 1.478
AC2-06 f181m22 0.032 <0.030<0.020 0.011 <0,060 1.200 0.045 0,022 0.014 0.0140.038 1.419
AC2-26 f38hn22 0.024 <0.030 0,02 0.011 <0.060 1.240 0.034 0.022 0.029 0.0140.038 1.466
AC2-46 f28hn22 0.025 <0,030 0.024 0.01 <0.060 1.220 0.035 0.022 0.034 0.013 0.038 1.443

EA elm323 0.514 <0.030 6.45 1.07 0.498 <0.0100.719 0.022 9.222 1.3820.6340.006
EA elm411 0.835 <0.030 6.38 1.04 0.497 <0.010 1.168 0.022 9.121 1.343 0.6320.006

AC2-50 f02hn21 0.034 <0.030 0,057 0,007 <0.060 1.500 0.048 0.022 0.081 0.0090.038 1.774
AC2-36 f221ml 1 0,027 <0.030 0.022 0,005 <0.060 1.380 0.038 0.022 0.031 0,0060,038 1.632
AC2-37 f171m21 0.026 <0.030 0.02 0.005 <0.060 1.450 0.036 0.022 0.029 0.0060.038 1.715
AC2-40 f121ml 1 0.026 cO.030 0.031 0.005 <0.060 1.220 0.036 0.022 0.044 0.0060,038 1.443
AC2-37 f171ml 1 0,026 <0.030 0,026 0.005 <0.060 1.340 0,036 0.022 0.037 0.0060,038 1.585
AC2-17 f321ml 1 0,024 <0.030 0.024 0,005 cO.060 1.440 0,034 0,022 0.034 0.0060.038 1.703
AC2-28 f071ml 1 0.035 cO.030 0.036 0.006 <0,060 1.690 0.049 0,022 0.051 0.0080,038 1.999
AC2-34 f521ml 1 0,026 <0,030 0.024 0,005 <0.060 1.560 0.036 0.022 0.034 0.0060.038 1.845
A~2-3? f’Z71rnli 0.0~7. c@031 0J363~ 0008 ,<0;060..1.$.40 0<~38.A@O~>,,,~:~30 ,,$910.0.038 L8?1,.’.,.”, “.’.<.. ,, ; ,,,>>AY,,.,,“Y::<,,;,,,.,\\.+”<>V,...........{.....
AC2-28 f071m21 0.028 <0.030 0.025 0.005 <0.060 1.680 0.039 0.022 0,036 0.0060.038 1.987
AC2-1 1 f371ml 1 0,031 <0,030 0,039 0,006 <0.060 1,180 0.043 0.022 0,056 0.0080.038 1.395 ‘

EA elm412 0.77 <0.030 6,26 1.01 <0.060<0,010 1.077 0.022 8.950 1.3040.0380.006
AC2-50 f021ml 1 0.031 <0.030 0.057 0.007 0,431 1.410 0.043 0.022 0.081 0.009 0,548 1,667
AC2-39 f421ml 1 0.029 <0.030 0,028 0.006 <0,060 1.280 0,041 0,022 0.040 0.0080.038 1.514
AC2-11 f371m21 0.031 <0.030 0.04 0.007 <0.060 1,190,0.043 0.022 0.057 0.0090.038 1,407
AC2-39 f42hn21 0,03 <0,030 0.035 0,006 <0.060 1.24010.042 0.022 0.050 0.0080.038 1.466
AC2-34 f52hn21 0.025 <0.030 0.025 0.005 <0,060 1.560 0.035 0.022 0.036 0.0060.038 1.845
AC2-40 f121m21 0.027 <0.030 0.017 0.005 <0,060 1.240 0.038 0.022 0.024 0.0060.038 1.466

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report,
c implies less than detection limit.
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Appendix A
II Table A. 1: Measured Compositions (Using Lithium-metaborate Dissolution Method)
!{ (concentrations are expressed as weight percents)

WSRC-TR-99-O0393
Revision O

1!

Block Sequence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni &

20
21
22
23
24
25
1
2

~;3f‘,
4
5
6
7
8
9
10
11
12
13
14;
15
16
17
18
19
20
21
22
23

‘4:1 -IJ
4-1I

1) 4-1

I

ii
Is

,

‘,

4-1
4-1
4-1
4-2
4-2

‘+2,
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2

:,j..AG2-3O J$271rn2L 0:029J20.0300.0;061F.;0.007:: <0.06,0:’.’1;560 0041 0.022, @;08~ 0.009:;0:038 1.845,, ,...., “.>,,’,{.LA..,...-..,..:.,.,.!,,&~.,.,<,,.t...,.*..”:, ..-.:..:A..>,’. ..... ,.$.;.:. . ... .2,,”’.. , ..:,.+. ..>..+”....<.N,...b.b.
AC2-17 f321m21 0.026 <0.030 0.022 0.005 <0.060 1.500 0.036 0.022 0.031 0.0060.038 1.774
AC2-12 f47hn21 0.029 <0.030 0.046 0.005 <0.060 1.690 0.041 0.022 0.066 0.0060.038 1.999
AC2-36 f22hn21 0.024 <0.030 0.029 0.005 <0.060 1.410 0.034 0.022 0.041 0.0060.038 1.667
AC2-12 f471ml 1 0.024 <0.030 0.028 0,005 <0.060 1.720 0.034 0.022 0,040 0.0060.0382.034

EA elm413 0.803 <0.030 6.48 1.05 0.489 <0.010 1.124 0.022 9.264 1.3560.6220.006
EA elm421 0.832 <0.030 6.34 1.03 0.498 <0.010 1.164 0.022 9.064 1.3300.6340.006

AC2-40 f121m12 0.034 <0.030<0.020<0.001<0.060 1.190 0.048 0.022 0.014 0.001 0.038 1.407

@!c$F2j~o: ~~~@;~{@.~~@J’;o:03,~:.(&~~Z~{o~oi:: Z~:~$~Y$5Toy~~:g~;~f6Jo~~~~~~~~.R~:go$ ‘o;o$~::~~og
AC2-28 f071m22 0.034 <0,030<0.020<0,001<0.060 1.680 0.048’ ‘O~022 0,014 0,001 “0~038 1.987
AC2-39 f421m22 0.036 <0.030 0,023 <0.001<0.060 1.250 0.050 0.022 0.033 0.001 0.038 1,478
AC2-11 f371m12 0,037 <0.030 0,025 <0.001<0.060 1.200 0.052 0.022 0.036 0.001 0.038 1.419
AC2-37 f171m12 0.033 <0,030<0.020<0.001 <0,060 1.270 0.046 0,022 0.014 0.001 0.038 1.502
AC2-36 f221m12 0.052 <0.030 cO.020 <0.001<0.060 1.370 0.073 0.022 0,014 0.001 0.038 1.620
AC2-34 f521m12 0.033 <0.030 cO.020 <0.001<0.060 1.510 0.046 0.022 0,014 0,001 0.038 1,786
AC2-11 f37hn22 0.037 <0.030 0.027 <0,001<0.060 1.140 0,052 0.022 0.039 0.001 0,038 1.348
AC2-12 f471m12 0,031 <0.030<0,020 cO.001 <0,060 1,680 0.043 0.022 0.014 0.001 0.038 1.987
AC2-17 f321m12 0.03 cO.030 <0,020<0.001 <0,060 1,410 0.042 0,022 0.014 0.001 0,038 1,667

EA elm422 0.795 <0.030 5,87 1.02 0.475 <0.010 1.112 0.022 8.392 1.3170.6040.006
‘Y ~A@-30 ~{ti$:lrn~2.O:O37'?;C~~3~:~~$~~S~~O~~~~~5O!::l;52~`.`@.0#2.?OO2?3O:O77 $~O;0(JljO(1384:~98.$A%.,. ... ..... ..&-..\..\ , .-.., ... .A.-. k .*...*AW;.*;.*.-..,.,, . . .. \ ..,,.ti.&. ,,%.<.:

AC2-50 f021m12 0.039 <0.030 0,052 <0.001<0,060 1.410 0,055 0,022 0,074 0.001 0.038 1,667

AC2-50 f021m22 0.04 <0.030 0.046 <0.001<0,060 1,450 0,056 0,022 0,066 0,001 0,038 1,715 ‘
AC2-40 f12hn22 0.034 <0.030<0.020<0.001<0.060 1.240 0.048 0.022 0.014 0,001 0.038 1.466
AC2-34 f521m22 0.033 <0,030<0.020<0,001<0.060 1.580 0.046 0.022 0.014 0.001 0.038 1.869
AC2-36 f22hn22 0.031 <0.030<0.020<0.001<0.060 1.370 0,043 0.022 0,014 0.001 0.038 1.620
AC2-17 f32hn22 0.032 <0.030<0.020<0.001<0.060 1.450 /0.045 0.022 0.014 0.001 0.038 1.715
AC2-12 f47hn22 0.035 <0.030 0,03 <0,001<0.060 1.66010.049 0.022 0.043 0.001 0.038 1.963
AC2-28 f071m12 0.038 <0,030 0.032 <0,001 cO.060 1.680 0,053 0.022 0.046 0.001 0.038 1.987
AC2-39 f421m12 0,037 <0.030<0.020 cO.001 <0.060 1.280 0.052 0.022 0,014 0.001 0.038 1.514

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
c implies less than detection limit,
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Appendix A
Table A. 1: Measured Compositions (Using Lithium-metaborate Dissolution Method)
(concentrations are expressed as weight percents) .

WSRC-TR-99-O0393
Revision O

Block Secluence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr

4-2
4-2
5-1
5-1
5-1
5- I
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-2
5-2

24
25
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
1
2

AC2-37 f17hn22 0.033 <0.030<0.020<0.001 <0.060 1.380 0.046 0.022
EA elm423 0.813 <0.030 6.04 1,02 0.491 <0.010 1,138 0.022
EA elm511 0,811 <0.030 6.26 1.03 0.496 cO.O1O 1.135 0.022

AC2-49 f41hn21 0.014 <0.030<0.020<0.001<0.060 1.640 0.020 0.022
AC2-45 f06hn21 0,019 <0,030<0.020<0.001 <0.060 1.460 0.027 0.022
AC2-42 f211ml 1 0,019 <0.030<0.020<0.001 <0.060 1.760 0.027 0,022
AC2-22 fl llm21 0.012 <0.030 cO.020 <0.001 <0.060 1.800 0.017 0.022
AC2-02 f(lllml 1 0,03 <0.030 c0,020 <0.001<0.060 1.210 0.042 0.022
AC2-49 f411ml 1 0,021 cO.030 <0.020<0.001<0.060 1.570 0.029 0.022
AC2-41 fl llm21 0.013 <0,030<0,020<0.001 <0.060 1.280 0.018 0.022
AC2-45 f061ml 1 0.024 <0.030 cO.020 <0.001 <0.060 1.430 0.034 0.022
AC2-09 f261ml 1 0.025 <0.030<0.020<0.001 c0,060 1.220 0.035 0,022
AC2-02 fOllm21 0.024 <0.030<0.020<0.001 <0.060 1.220 0.034 0.022
AC2-42 f21hn21 0.013 <0.030<0.020<0.001 <0.060 1.730 0,018 0.022

EA elm512 0,794 <0,030 6.51 1.05 0.49 <0.010 1.111 0.022
AC2-21 f511m21 0.016 <0.030<0.020<0.001 cO.060 1.670 0.022 0.022
AC2-16 f16hn21 0.014 <0.030<0.020<0.001 <0.060 1.790 0.020 0.022
AC2-16 f161ml 1 0.015 <0.030<0.020<0,001 cO.060 1,720 0,021 0,022
AC2-35 f461m21 0.014 <0.030<0.020 c0,00I <0.060 1.420 0.020 0.022
AC2-04 f36hn21 0.02 <0.030<0.020<0.001 <0.060 1.770 0,028 0.022
AC2-21 f511ml 1 0.011 <0.030<0.020<0.001<0,060 1,770 0.015 0.022
AC2-09 f26hn21 0.018 <0.030<0.020<0.001 <0.060 1.250 0.025 0,022
AC2-04 f361m21 0.01 <0.030<0,020<0.001<0,060 1.720 0.014 0.022
AC2-41 fl llml 1 0.02 cO.030 <0.020<0.001<0.060 1.290 0.028 0.022
AC2-35 f461ml 1 0.018 <0.030<0.020<0.001 <0.060 1.400 0.025 0.022
AC2-22 f311ml 1 0.02 <0.030<0.020 cO.001 <0.060 1.280 /0.028 0.022

EA elm513 0.82 <0.030 6.26 1,05 0.485 <0.010 ‘1.147 0.022
EA ehn521 0.826 cO.030 6.27 1.06 0.481 <0.010 1.156 0.022

AC2-42 f21hn22 0.011 <0.030 0.028 <0,010<0.060 1.690 0.015 0.022

The as-reported values for AC2-30 and AC2-53 are shaded to indicate
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report,
< implies less than detection limit.

0.014 0.001 0.038 1.632
8.635 1.3170.6250.006
8.950 1.3300.6310.006
0.014 0.001 0.038 1.939
0.014 0.001 0.038 1.727
0,014 0,001 0.0382.081
0.014 0.001 0.0382.129
0.014 0.001 0.038 1.431
0,014 0,001 0.038 1.857
0.014 0.001 0.038 1.514
0.014 0.001 0.038 1.691
0.014 0.001 0,038 1.443
0.014 0.001 0.038 1.443
0.014 0.001 0.0382.046
9.307 1.3560.6240.006
0.014 0.001 0.038 1.975
0.014 0.001 0.0382.117
0.014 0.001 0.0382.034
0.014 0.001 0.038 1.679
0.014 0.001 0.0382.093
0.014 0.001 0.0382.093
0.014 0.001 0.038 1.478 ‘
0,014 0,001 0.0382.034
0.014 0.001 0.038 1.526
0.014 0.001 0.038 1,656
0.014 0.001 0.038 1.514
8.950 1.3560.6170.006
8.964 1.3690.6120.006
0.040 0.0060.038 1.999

that
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WSRC-TR-99-O0393
Revision O

Appendix A
Table Al: Measured Compositions (Using Lithium-metaborate Dissolution Method)
(concentrations are expressed as weight percents)

Block Seauence Glass ID Lab ID Ca Cr Fe Mn Ni Sr Ca Cr Fe Mn Ni Sr
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2

5-2
5-2

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25

AC2-35 f46hn22 0.013 <0.030 0.033 <0.010<0.060 1.400 0.018 0.022
AC2-09 f26hn22 0.017 <0.030 0.028 <0.010<0.060 1.210 0.024 0.022
AC2-22 f311m12 cO.O1O<0.030 0.027 <0.010<0.060 1.740 0.007 0.022
AC2-41 fl lhn22 0.012 <0.030 0.023 <0.010<0.060 1.210 0.017 0.022
AC2-16 f16hn22 0.014 <0.030 0.035 <0.010<0.060 1.760 0.020 0.022
AC2-21 f51hn22 0.016 <0.030 0.048 <0.010<0.060 1.630 0.022 0.022
AC2-35 f461m12 0.016 <0.030 0.034 <0.010<0.060 1.390 0.022 0.022
AC2-09 f261m12 0.024 <0.030 0.04 <0.010<0.060 1.180 0.034 0.022
AC2-45 f061m12 0.024 <0.030 0.034 <0.010<0.060 1.440 0.034 0.022
AC2-04 f361m12 0.018 <0.030 0.124 cO,O1O<0.060 1,700 0,025 0.022

EA elm522 0.808 cO.030 6.01 1,04 0.479 <0.010 1.131 0.022
AC2-45 f061m22 0.018 <0.030 0.023 <0,010 0.431 1.410 0.025 0.022
AC2-04 f16hn22 <0,010<0,030 0.024 <0.010<0.060 1,670 0,007 0,022
AC2-02 fOllm12 0.033 <0.030 0.034 <0.010 cO.060 1.190 0.046 0.022
AC2-02 fOllm22 0.03 <0.030 0.033 <0.010<0.060 1,170 0,042 0.022
AC2-16 f161m12 0.014 cO.030 0.024 cO,O1O<0.060 1.660 0.020 0.022
AC2-21 f511m12 0.01 <0.030 0.03 <0,010<0.060 1,740 0.014 0.022
AC2-42 f211m12 0.019 <0.030 0.027 <0,010<0.060 1.680 0.027 0.022
AC2-49 f411m22 0.013 cO.030 0.026 <0,010<0,060 1,530 0.018 0.022
AC2-41 fl llm12 0.015 <0.030 0.031 cO,OIO cO.060 1.240 0.021 0.022
AC2-49 f411m12 0,022 <0.030 0.04 <0,010 cO.060 1,490 0.031 0,022
AC2-22 f3 llm22 0,013 <0.030 0.032 <0,010<0.060 1.700 0.018 0.022

EA elm523 0.4 <0.030 6.1 0,997 0.479 <0.0100.560 0.022

0.047
0.040
0.039
0.033
0.050
0.069
0.049
0.057
0.049
0.177
8.592
0.033
0.034
0.049
0.047
0.034
0.043
0.039
0.037
0.044
0.057

0.046
8.721

0.0060.038 1.656
0.0060.038 1.431
0.0060.0382.058
0.0060.038 1.431
0.0060.0382.081
0.0060.038 1.928
0.0060.038 1.644
0.0060.038 1.395
0.0060.038 1.703
0,0060.0382.010
1.343 0.6100.006
0.0060.548 1.667
0.0060.038 1.975
0.0060.038 1.407
0.0060.038 1.384
0.0060.038 1.963
0.0060.0382.058
0.0060.038 1.987
0.0060.038 1.809
0,0060.038 1.466
0,0060.038 1.762

0.0060.0382.010 1
1.2870.6100,006

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report,
c implies less than detection limit.



Appendix A WSRC-TR-99-O0393
Table A.2: Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

...- -

Block Sequence Glass ID Lab ID Al B Ce Er Eu Gd La Nd Pr Si Sm
1-1 1 EA epfl11 1.9 3.53 <0.1000.483 <0.100<0.100 0.364 <0.100<0.100 21.4 <0.100
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-l
2-1

2

3

4

5

6

7

8

9

10
11
12

13

14

15

16

17

1
2

3

4

5

6

7

8

9

10
11

12

13

14

15

16

17

18

19

20
21
1
2
3
4
5
6
7
8
9
10

AC2-08 f08pfl 1 8.7 1.89 7 2.48 1.02 0.945 15.4 7.03 6.06 9.53 4.15
AC2-51 f09pfl 1 6.74 2.07 5.28 4.73 0.742 1.72 ~f4 13.1 4.51 7.75 3.06

restd reslll 10.4 2.84 5.36 4.02 1.01 2.12 21 10.3 4.34 9.96 3.08
AC2-18 f25pf21 6.35 1.82 8.25 1.99 1.27 0.71 14.9 20 2.74 7.27 5.18
AC2-52 f24pf21 9.38 2.7 0.098 3.51 0.549 1.27 20.1 9.56 2.88 10.7 2.3
AC2-52 f24pfl 1 9.35 2.85 0.133 3.54 0.566 1.25 19.8 9.29 2.93 10,9 2.17

EA epf112 2.03 3.5 <0.1000.488 <0.100<0.100 0.378 <0.100<0.100 22.4 <0.100
AC2-51 f09pf21 6.73 2.17 5.49 4.9 0.75 1.82 17.5 12.9 4.56 8.12 3.11
AC2-18 f25pfl 1 6.15 1.8 8.36 2.04 1.3 0.709 14.5 19.1 2.8 7.22 4.98
AC2-05 f40pfl 1 8.86 1.81 3.01 2.62 1.06 2.46 19.1 8.43 2.48 10 4.1

restd resl 12 9.76 2.85 4.99 4.01 0.961 2.01 20.1 9.17 4.06 9.34 2.91
AC2-05 f40pf21 9.32 2.01 3.28 2.99 1.13 2.64 21.1 9.33 2.82 10.5 4.34
AC2-49 f41pfll 7.85 2.51 4.18 3.86 0.599 1.35 18.7 10.5 3.68 9.18 2.41
AC2-54 p56pf21 6.57 1.9 5.72 5.18 0.839 1.98 17.1 14 4.99 7.05 3.45
AC2-08 f08pf21 8.69 1.82 7.22 2.61 1.06 0.953 15.8 6.86 6.13 9.48 4.31

EA epfl13 1.89 3.39 <0.100 0.469 <0.100<0.100 0.387 <0.100 <0.10021.7 <0.100
EA epf 121 1.91 3.47 <0.100 0.443 <0.100<0.100 0.411 <0.100<0.100 21.3 <0.100

AC2-49 f41pf21 8.88 2.7 4.57 3.88 0.675 1.5 17.2 10.4 ~?l 10.1 2.49
AC2-54 f56pfl 1 7.26 2.04 6.28 5.53 0.916 2.14 17.1 14.5 5.09 8.1 3.56
AC2-18 f25pf22 6.16 1.9 8.01 1.74 1.32 0.824 13.6 20.5 2.78 7.48 4.53
AC2-05 f40pf12 9.17 2.05 2.65 2.49 1.17 2.45 18.5 8.6 2.47 11.1 4.02
AC2-51 f09pf22 7.07 2.28 5.43 5.22 0.788 1.94 16.4 12.9 5.09 8.89 3.06
AC2-49 f41pf22 8.58 2.73 4,9 3.81 0.681 1.54 17 11.2 4.14 10.5 2.38

restd res121 9 2.99 4.44 3.54 0.938 1.91 17.3 9.96 3.7 9.76 2.63
AC2-05 f40pf22 8.38 1.72 2.99 2.24 1.01 2.48 19.3 8.64 2.51 10.4 3.72
AC2-54 f56pf22 6.78 2.01 5.96 5.57 0.898 2.05 15.8 14.5 5.61 7.94 3.15
AC2-54 f56pf12 5.78 1.98 5.54 5 0.865 1.76 15.9 15 4.3 7.72 2.87

EA epf 122 1.78 3.58 <0.100 0.401 <0.100<0.100 0.367 <0.100<0.100 22.8 <0.100
AC2-52 f24pf12 8.43 2.8 0.38 3.64 0.555 1.36 17.3 9.37 2.88 10.5 1.83
AC2-49 f41pf12 8.31 2.44 4.76 3.54 0.601 1.46 16.6 11.2 3.88 9.6 2.56
AC2-52 f24pf22 8.6 2.9 0.23 3.39 0.576 1.26 17.3 9.51 2.75 11.4 2.04

restd res122 8.32 3.05 4.65 3.6 0.878 2.11 17.9 10.4 3.4 9.96 2.56
AC2-51 f09pf12 7.44 2.09 5.72 4.76 0.914 1.93 17.4 13.7 5.26 8.82 3.11
AC2-18 f25pf12 6.16 1,93 7.58 1.83 1.29 0.874 13.5 20.7 2.62 7.81 4.33
AC2-08 t718pf22 8.92 2.11 6.79 2.87 1.17 1.2 15.5 7.6 6.32 12.1 4.06
AC2-08 f08pf12 9.25 2.29 8.01 2.87 1.18 1.22 15.4 7.52 6.21 12.5 4.16

EA epf 123 1.73 3.39 <0.100 0.443 <0.100<0.100 0.341 <0.100<0.100 22.6 <0.100
EA epf211 1.97 3.33 <0.100 0.442 <0.100<0.100 0.351 <0.100<0.100 21.6 <0.100

AC2-28 f07pfl 1 9.34 2.72 8.47 7.12 1.24 2.8 14.3 5.55 7.54 7.14 1.31
AC2-01 f39pf21 6.54 1.91 7.75 6.62 0.389 0.938 19.9 7.51 6.5 10.1 1.66
AC2-31 f55pfl 1 6.4 1.96 2.12 7.55 0.241 2.72 14.4 17.8 2.06 10.5 1.21
AC2-28 f07pf21 9.43 2.82 8.66 7.1 1.27 2.79 14.4 5.42 7.62 7.81 1.21

restd res21 1 10.5 3.04 5.24 4.02 1.01 1.98 20.6 10 4.27 9.73 2.92
AC2-09 f26pfl 1 6.54 1.88 7.43 6.61 1.1 2.47 16.5 10.9 6.43 7.48 4.13
AC2-39 f42pf21 7.16 2.11 5.6 4.97 0.772 1.79 17.3 13.2 4.96 7.85 3.11
AC2-55 t23pfl 1 7.96 2.39 9.98 4.56 0.67 1.58 18.6 7.16 5.04 9.12 2.91

EA epf21 2 1.99 3.48 <0.100 0.465 <0.100<0.100 0.461 <0.100 <0.10022.8 <0.100

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-O0393
Table A.2: Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents) .

Block Sequence Glass ID Lab ID Al B Ce Er Eu Gd h Nd pr Si Sm
2-1 11 AC2-01 f39pfl 1 6.55 2 7.74 7.03 0.405 0.986 20.2 7.58 6.68 10.3 1.68
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
3-1
3-1
3-1:
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1

12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2

AC2-47 flOpfl 1
AC2-47 f10pf21

restd res212
AC2-39 f42pfl 1
AC2-09 f26pf21
AC2-55 f23pf21
AC2-31 f55pf21

EA epf213
EA epl’221

AC2-09 t26pf22
AC2-39 f42pf22
AC2-01 f39pf22
AC2-47 f10pf22

restd res221
AC2-01 f39pf12
AC2-31 f55pf22
AC2-28 f07pf12

EA epl’222
AC2-28 f07pf22
AC2-47 f10pf12
AC2-55 l’23pf12

restd res222
AC2-39 f42pf12
AC2-55 f23pt22
AC2-31 f55pf12
AC2-09 t’26pf12

EA epf223
EA epf31 1

AC2-41 fl lpfl 1

8.11 2.38 5.16 4.71 0.695 1.59 18.8
8.11 2.37 5.1 4.62 0.697 1.7 i8;7
10.2 3.07 5.1 4.08 1.01 2.1 20.8
7.16 2.13 5.94 5.32 0.817 1.8 18.3
6.97 2.08 8.05 7.22 1.14 2-56 17.6
7.97 2.47 10.6 4.58 0.689 1.65 19
6.96 2.07 2.33 8.24 0.275 3 15.9

2 3.62 <0.1000.498 <0.100 cO.1OO 0.376
1.94 3.63 <0.1000.568 <0.100 cO.1OO 0.35-
6.42 1.95 7.52 6.84 1.1 252 16.3
6.88 2.14 5.58 5.2 0.803 1.88 18.4
6.56 2.01 7.56 6.92 0.438 1.08 20.5
7.99 2.35 5.12 4.38 0.717 1.77 19
10.4 3.07 5.35 3.94 1.04 2.16 21.1
6.38 1.86 7.2 6.56 0.434 1.1 20.7
6.48 1.94 2.27 7.94 0.281 2.82 14.9
8.68 2.79 8.17 7.1 1.27 2.94 14.3
1.88 3.25 <0.1000.551 <0.100 cO.1OO 0.42
8.46 2.69 8.06 6.94 1.24 2.94 14.4
7.48 2.12 4.82 4.22 0.683 1.64 17.4
8.15 2.44 9.58 4.65 0.743 1.79 19.7
10.4 3.04 5.28 4.06 1.04 2.23 21.8
7.08 2.18 5.82 5.26 0.848 1.95 18.5
7.67 2.5 9.7 4.55 0.707 1.74 18.6
6.74 1.99 2.22 8.22 0.278 2.84 15.4
6.44 2.07 7.62 6.68 1.2 2.65 16.9
1.9 3.61 <0.1000.552<0.100 cO.1OO 0.323

1.95 3.53 <0.1000.519 <0.100 CO.1OO 0.331
6.55 2.04 5.76 5.27 0.822 1.8 17.8

12 4.48 9.09 2.93
11.9 4.54 9.18 3.03
10.1 4.37 9.58 2.96
14 5.16 8.18 3.46
12 6.92 7.87 4.48

7.34 5.37 9.05 3.07
19.5 2.23 11.4 1.32

<0.100<0.100 23 <0.100
<0.100<0.100 22.6 <0.100

11.1 6.68 7.85 4.56
13.1 5.14 8.5 3.26
7.36 6.89 10.9 1.83
12.1 4.61 9.84 3.06
10.5 4.22 10.1 3.14
7.21 6.64 10.7 1.75
18.1 2.05 11.2 1.38
5.24 7.13 7.59 1.27

<0.100 <oToo 21.2 <0.100
5.54 7.39 7.59 1.32

11 4.46 8.72 2.85
7.14 5.25 9.98 3.13
9.93 4.45 10.4 3.15
13.2 5.37 8.7 3.6

7 5.2 9.41 2.92
17 2.09 11 1.38

11.4 7.12 7.76 4.59
<0.100<0.100 23.1 <0.100
<0.100<0.100 22.2 <0.100

13.3 5.23 7.69 3.24

4
5
6
7
8
9
10
11
12
13
14
15

AC2-15 f54pfl 1
AC2-26 f38pfl 1

restd res31 1
AC2-36 f22pf21
AC2-07 f43pf21
AC2-07 f43pfl 1

EA epf312
AC2-45 f06pfl 1
AC2-45 f06pf21
AC2-26 f38pt’21

restd res312
AC2-41 fl lpi’21

5.31 2.73 2.68 2.51 1.0S 2.29
8.75 1.19 2.36 7.5 1.22 0591
9.57 2.95 4.63 3.87 0.972 1-9
7.4 2.3 4.92 4.66 0.717 1-58

9.29 1.86 2.82 6.56 1.08 0.895
9.28 1.95 2.71 6.41 1.1 0.866
2.07 3.48 <0.1000.503 <0.100 cO.1OO
7.51 2.35 8.32 4.08 0.53 123
8.29 2.39 9.25 4.3 0.591 1.36
9.74 1.89 2.51 7.81 J.37 0.66
10.7 3.08 4.89 4.15 1.06 ~.03

6.02 1.97 4.55 5.22 0.807 1.77

14.4 ‘16.3 2.44 10.1 1.65
19.2 4.84 1.97 10.7 4.63
19.3 8.99 3.98 9.47 2.78
16.9 11.8 4.29 8.58 2.9
18.6 8.62 2.52 10.8 1.66
16.8 9.09 2.59 10.8 1.7

0.295 <0.100 <0.10022.9 <0.100
15.9 8.77 4.07 8.99 2.16
17.1 9.71 4.17 9.52 2.63
21 5.16 2.09 11.3 4.91

19.7 9.18 4.14 9.86 2.93
16.1 11.4 4.42 7.39 2.86

3;1. $~i,>;$6:,.;’+y$~-30, .f27pfl.1, , 8.01... 2.~4.. 13.64 ‘:;:3.22 ~~0.57 1.1 16.1 8;.96’ ~;26 8.28 .YJ.95’$,
3-1 17 AC2-15 f54pfl 1 6.04 2.7 2.56 2.58 1.04 2-41 14.7 13.6 2.27 10.3 1.54
3-1 18 AC2-36 f22pfl I 7.09 2.29 4.65 4.63 0.693 1-.58 16.1 11.7 4.33 8.11 2.56
3-1 19 EA epf31 3 1.8 2.97 <0.100 0.46 <0.100 cO.100 0.266 <0.100<0.100 20.4 <0.100
3-2 1 EA epf321 2.08 3.53 <0.100 0.52 <0.10043-100 0.344 <0.100<0.100 24.2 <0.100

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-00393
Table A.2: Measured compositions (Using peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

..-

Block Sequence Glass ID Lab ID Al B Ce Er Eu Gd La Nd Pr Si Sm
3-2 2 AC2-45 f06pf22 8.52 2.47 10 4.63 0.579 1.4 17.7 9.88 4.45 10 2.54
3-2
3-2
3-2
3-2
3-2
3-2Y;

3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1’+ .:,.,:$2

4-1’ ‘“” 13
4-1 14
&l.{:: ‘::,, .,15.

4-i “16
4-1 17
4-1 18
4-1 19
4-2 1
4-2 2

.’4;2::$’~2.:.3’$
4-2 4
4-2 5
4-2 6
4-2 7
4-2 8
4-2 9
4-2 10
4-2 11

3
4
5
6
7

,.8
9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11

AC2-26 f38pf22 9.77 2.02 2.52 7.81 1.25 0.715 22.1 5.74 2.15 11.8 5.2
AC2-26 f38pf12 9.8 2.01 2.74 7.91 1.26 0.728 ‘2~ 5.71 2.32 11.6 5.02

AC2-30 f27pf12 .8.92 2.69 4.35 4.03 0.612 1.4, 18.6 10.4 3.94 11.1 2.47

restd re321 11.2 3.23 5.16 4.07 1.02 2.02 20.9 10.2 4.41 10.7 3.12

AC2-45 f06pf12 8.12 2.42 9.65 4.73 0.544 1.38 17.6 9.97 4.53 10.1 2.37

‘K2-30 f27pf22 ~~9:i4 2.84 4.47 4.34 0.6~5. 1.46 ~~19.3 11 4.02 10.9 2.52

AC2-41 fl lpf12 6.72 2.13 5.74 5.41 0.806 1.92 18.2 14.2 5.28 8.01 3.5

EA ep~22 2.04 3.66 <0.100 0.545 <0.100<0.100 0.282 <0.100<0.100 24.4 <0.100

AC2-07 f43pf22 9.46 1.92 2.83 6.87 1.02 0.959 19.8” 9.71 2.61 11.4 1.63

AC2-15 f54pf22 6.55 3.01 3.01 2.69 1.07 2.46 16.1 17.1 2.62 12 1.77

AC2-15 f54pf12 7.03 3.03 3.05 2.64 1.12 2.55 16.1 17.9 2.59 11.3 1.72

restd re322 10.9 3.2 5.25 4.29 0.982 2.12 21.2 10 4.42 11.2 3.09
AC2-36 f22pf22 7.79 2.31 5.45 4.87 0.7 1.69 17.6 12.6 4.74 9.38 3.25
AC2-41 fllpf22 7.14 2.26 5.91 5.6 0.797 1.94 17.3 14 5.09 8.17 3.41
AC2-07 f43pf12 9.04 2.02 2.97 7.03 1.07 0.943 20.4 8.52 2.63 11.9 1.82

AC2-36 f22pf12 7.33 2.45 5.24 5.11 0.693 1.71 18.3 12.4 4.61 9.46 2.97

EA epf323 1.98 3.37 <0.100 0.505 <0.100<0.100 0.362 <0.100<0.100 23.1 <0.100

EA epf411 2.15 3.73 <0.100 0.502 <0.100<0.100 0.391 <0.100 <~iOO 24.1 <0.100

AC2-40 f12pf21 7.43 2.15 5.49 5.32 0.87 1.83 17.6 13.6 5.54 8.58 3.55

AC2-40 f12pfl 1 6.68 1.93 5.47 5.04 0.798 1.81 17 13.7 5.04 8.3 3.09

AC2-23 f05pfl 1 9.86 1.92 2.15 2.08 0.283 0.589 19.9 15 6.26 7.78 1.34

AC2-42 f21pfl 1 9.37 2.68 3.76 3.47 0.515 1.1 18.4 8.45 3.2 11 2.2
restd re411 10.6 2.97 5.04 4.45 1.01 2.03 20.7 9.76 4.28 10.2 3.2

AC2-42 f21pf21 9.55 2.78 3.8 3.54 0.528 1.22 18.8 9.16 3.38 11.7 2.41
AC2-44 f44pfll 7.38 2.25 5.52 5.21 0.816 1.76 17.7 12.7 4.86 8.73 3.43

AC2-23 f05pf21 8.5 1.77 2.03 1.83 0.267 0.555 19.4 13.5 5.98 7.57 1.2

EA epf412 <0.100 1.61 cO.1OO 0.15 <0.100<0.100 cO.1OO <0.100 0.151 12 <0.100

AC2-11 f37pfll 9.42 2.17 7.51 2.84 0.46 0.977 16.6 17.1 3.47 8.54 4.72
@-:3 >.f53$@i;k9.96 ;3:05 2;~5. 2.0~, ..$:.~$i., 0.60~;$/15.7 ;;>{1$:.. 2.16 ‘ 11.6 : ;1$S”.... .-. ....,.,.<”7.
AC2-11 f37pf21 9.56 1.99 7:<2 2.77 0.459 0.953 16.7 17.2 3.4 8.2 4.84

restd res412 11.1 3.29 5.15 4.4 1.06 2.05 21 10.3 4.56 11 3.21
i&@53’ ‘f5~pf11’:>.’10.2: -,f3~l\ 2:36 ,“ ‘2.14 .>:f.~;: 0.62?L, 15’”, ,,I$J1. 2.1 “ 11.7 ~:57,

, .,;;,,.

AC2-46 f28pf21 7.01 2.07 6.28 6.08 0.968 2.1 17.3 15.3 5.54 8.17 3.9’

AC2-46 f28pf21 6.87 2.02 5.98 5.75 0.71 1.97 17.7 14.1 5.54 8.14 3.61
AC2-44 f44pf21 7.21 2.13 5.37 5.16 0.809 1.71 16.6 12.3 4.99 8.72 3.33

EA epf413 1.96 3.45 0.14 0.465 <0.1004.100 0.368 <0.100 <0.10023.1 <0.100

EA epf421 1.97 3.59 <0.100 0.533 <0.100<0.100 0.368 <0.100 <0.10022.8 <0.100

AC2-42 f21pf12 9.27 2.76 3.63 3.57 0.564 1.17 19.5 8.84 3.37 10.7 2.13

AC%533 :f$3p@?9N5 ‘2>79‘~209 :..;:2;~’’’’l:3~~~O;598~~:3~~~8j~~””~”” 1.97.”?,10.6 :ii2@
AC2-23 rn5pf22 8.74 1.92 2.17 2.11 0.3 0.634 21 15.4 6.49 7.31 1.23
AC2-11 f37pf12 9.07 1.92 7.13 2.68 0.464 0.913 16.2 17 3.27 7.72 4.48

restd re421 10.2 2.98 5.17 4.08 1.05 2.01 20.4 10.2 4.25 9.63 3.08
AC2-44 f44pf22 6.95 2.2 5.5 5.1 0.835 1.72 18.1 13.3 4.97 8.28 3.19
AC2-44 f44pf12 7.16 2.14 5.38 5.16 0.818 1.78 18 13.1 4.78 8.33 3.2
AC2-42 f21pf22 8.71 2.68 3.45 3.39 0.546 1.13 18.5 8.98 3.28 10.2 2.08

EA epf422 1.937 3.55 <0.100 0.576 cO.1OO<0.100 0.385 cO.100 cO.100 22.6 <0.100
AC2-46 f28pf22 6.48 2.03 5.95 5.73 0.883 1.9 17.5 15 5.55 7.48 3.45

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-O0393
Table A.2 Measured Compositions (Using Peroxide Fusion Dissolution MetAod) Revision O
(concentrations are expressed as weight percents)

..—

Block Sequence Glass ID Lab ID Al B Ce Er ELI CM La IWj Pr Si Sm
q;q,<< “12”7’<%&@V53 Z~5#pf12Z~9;43i,”<~?Ol i219: 22 1;39/ 0.676 154 -19.1 2.21 11.1 1.33
4-2
4-2
4-2
4-2
4-2
4-2
4-2
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
6-1
6-1

13
14
15
16

‘ 17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2

AC2-40 flipfli 6.89 2.12 5.61 5.65 0.885 1.91 18.5 14.2 5.41 8.09 3.5
restd res422 10.2 3.23 5.13 4.45 1.06 2.11 2~4 10.5 4.36 10.4 3.09

AC2-23 f05pf12 8.93 2 2.21 2.17 0.305 0.674 20.9 15.6 6.52 7.83 1.33
AC2-46 f18pf12 6.76 2.02 6.13 5.83 0.925 2.02 18.3 14.9 5.7 7.89 3.44
AC2-40 f12pf22 6.99 2.18 5.72 5.69 0.875 1.88 18.9 13.9 5.35 8.7 3.46
AC2-11 f37pf22 9.42 1.86 7.51 2.75 0.485 0.955 16.6 16.4 3.43 7.87 4.46

EA epf423 1.99 3.62<0.1000.603 <0.1004.100 0.384 <0.100 cO.1OO 23.8 <0.100
EA epf51 1 2.04 3.48 <0.1000.522<0.1004.100 0.348 <0.100<0.100 23.4 <0.100

AC2-19 f29pfl 1 6.78 2.53 8.56 7.7 0.217 0.808 20.5 5.28 3.12 11.2 1.32
ARM f13pfll 3.18 3.3 1.09 2.57 <0.100 -KL1OO<0.100 5.65 0.249 19.4 0.123

AC2-04 f16pfl 1 6.41 1.73 2.97 2.68 0.436 2.62 21.5 15.8 5.93 8.02 4.49
AC2-25 f45pfM 9.75 1.82 2.32 7.93 1.33 3.13 22.9 9.03 2.31 8.09 5.36

restd res51 1 10.3 2.77 5.13 4.15 1.05 2.19 22.2 9.98 4.49 10.5 3.1
AC2-34 f52pf21 8.8 2.44 4.66 4.21 0.675 1.61 19.2 10.8 4.19 10.2 2.64
AC2-04 f36pf21 6.71 1.73 3.24 2.88 0.458 2.85 22.7 16.8 6.25 8.14 4.66
AC2-34 f52pfl 1 8.91 2.19 4.72 4.09 0.652 1.64 19.3 10.8 4.26 10.5 2.66

EA epf512 2.09 3.19 0.162 0.56 cO.1OOcO.1OO 0.4 <0.100 cO.1OO 24.6 0.177
AC2-03 f04pfl 1 6.97 2.58 8.31 2.86 1.19 1.13 22.2 17.3 %3 8.58 1.83

ARM f13pf21 3.38 3.93 1.32 3.45 <0.100<0.100<0.100 5.37 0.253 25.1 0.12
AC2-03 f04pf21 7.12 2.47 8.13 2.88 1.21 1.15 23.6 17.1 3.64 8.34 1.95

restd res512 10.9 2.81 5.68 4.37 1.07 2.27 22.8 10.1 4.7 10.9 3.5
AC2-25 f45pfl 1 10.3 1.76 2.6 8.95 1.44 3.21 23.2 9.56 2.31 8.52 5.44
AC2-32 f20pf21 8.46 2.46 5.96 5.14 0.816 1.99 19.8 11.7 5.09 11.1 3.48
AC2-19 f29pf21 7.15 2.43 9.29 8.23 0.225 0.84 22.3 5.65 3.5 11.7 1.49
AC2-32 f20pfl 1 8.82 2.19 6.33 5.46 0.834 2.13 21 12.1 5.15 10.1 3.28

EA epf513 2.13 3.26 <0.100 0.58 cO.1OO4.100 0.415 <0.100 cO.1OO24.9 <0.100
EA epf521 2.03 3.6 <0.100 0.607 <0.100 cO.1OO0.378 <0.100<0.100 23.1 <0.100

ARM f13pf12 3.3 3.72 1.17 2.82 <0.100 cO.1OO0.061 5.02 <0.100 19.7 <0.100
AC2-19 f29pf22 6.33 2.93 8.74 7.68 0.24 0.745 20.2 5.23 3.02 10.7 0.784
AC2-04 f36pf12 6.49 1.96 3.06 2.72 0.475 2.51 20.7 15.1 5.96 7.82 2.85
AC2-32 t’20pf12 8.09 2.65 5.64 5.11 0.791 1.8 18.9 10.6 4.85 9.44 2.05

restd res521 9.98 3.01 4.99 3.98 0.993 2.03 19.8 9.64 4.07 9.85 3.03
ARM f13pf22 3.5 4.03 1.19 2.97 <0.100 cO.100 0.078 4.67 <0.10022.4 <0.100

AC2-19 f29pf12 6.56 2.8. 8.67 7.73 0.24 0.78 21.3 5.43 3.15 10.8 0.946
AC2-25 f45pf12 9.25 2.07 2.15 7.82 1.26 2.78 20.8 8.81 2.02 7.94 4.81

EA epf522 1.98 3.44 <0.1000.595 <0.100 -d.100 0.38 <0.100 <0.10022.5 <0.100
AC2-03 f04pt22 6.51 2.83 8.02 2.7 1.13 1.05 20.4 16.6 3.21 7.97 1.18
AC2-34 f52pf12 8.56 2.51 4.44 4.04 0.648 1.48 18 9.99 3.89 9.97 1.57
AC2-04 f36pf22 6.3 1.88 3.1 2.67 0.421 2.43 21.9 15.3 5.76 7.37 3.89

restd res522 9.92 2.82 4.93 3.82 0.979 2.02 20 9.7 4.07 9.88 3
AC2-34 f52pf22 8.3 2.37 4.53 4.05 0.618 1.5 17.7 9.83 3.81 9.4 1.45
AC2-03 f7)4pf12 6.29 2.61 7.55 2.73 1.08 1.02 19.6 15.2 3.05 7.61 1.3
AC2-32 t20pf22 7.48 2.36 5.09 4.73 0.717 1.76 17 10.3 4.37 8.76 3.26
AC2-25 f45pf22 9.02 1.93 2.15 7.5 1.25 2.71 20.3 8.56 1.87 7.41 3.53

EA epf523 1.89 3.22 <0.1000.589 <0.100 4I.1OO 0.373 <0.100<0.100 22.5 <0.100
EA epf611 1.94 3.41 <0.100 0.52 <0.100 4J.1OO 0.315 <0.1004.100 21.4 <0.100

AC2-21 f5lpf21 9.19 2.77 8.46 2.1 0.269 2.82 21 7.02 2.85 7.46 4.94
The as-reported values for AC2-30 and AC2-53 are shaded to indicate that

these measurements are believed to be switched.
They are relabeled accordingly elsewhere in this report.

< implies less than detection limit.
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Appendix A WSRC-TR-99-00393
Table A.2: Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID Al B Ce Er ELI Gd La Nd Pr Si Sm

....

6-1 3 AC2-10 f03pfl 1 6.34 2.74 7.07 6.67 0.441 2.39 16.1 7.36 3.17 10.6 4.37
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

1

2

3

4

5

6

7

8

9

10

11

12

AC2-33 f35pf21 7.81 2.34 4.71 4.38 0.709 1.63 17.7 11.8 4.17 8.81 2.84
AC2-10 f03pf21 6.47 2.69 6.98 6.76 0.437 2.44 i5:8 7.15 3.25 10.4 4.16

restd res611 10.1 2.84 4.82 4.02 0.979 1.99 20.4 9.74 4 10.1 2.99
AC2-43 f30pf21 8.32 2.45 4.12 3.84 0.607 1.35 18 9.94 3.57 9.61 2.34
AC2-43 f30pfl 1 8.3 2.4 4.01 3.82 0.615 1.34 18.1 10.4 3.52 9.51 2.36
AC2-21 f51pfl 1 6.47 2.73 2.12 7.79 0.299 0.673 14.3 14.5 6.42 7.51 4.92

EA epf612 2.05 3.28 cO.100 0.525 <0.100<0.100 0.307 cO.100<0.100 22.3 <0.100
AC2-35 f46pf21 7.54 2.24 4.73 4.84 0.759 1.66 17.2 12.2 4.02 8.99 2.83
AC2-35 f46pfl 1 7.07 2.03 4.57 4.4 0.701 1.53 16.7- 11.6 4.06 8.44 2.81
AC2-20 f14pf21 6.61 1.7 7.79 1.87 1.21 2.62 19.6 11 6.97 7.41 1.17

restd res612 10.1 2.76 4.69 3.95 1.02 1.91 19.7 9.42 3.96 9.58 2.66
AC2-14 f19pf21 8.81 2.38 2.67 6.47 1.06 0.858 14.7 11.9 5.39 7.02 1.45
AC2-20 f14pfl 1 6.08 1.66 7.49 1.92 1.2 2.62 19 11 6.9 6.97 1.17
AC2-14 f19pfl 1 8.97 2.46 2.77 6.12 1.05 0.866 14.5 11.7 5.33 7.17 1.55
AC2-33 f35pfl 1 7.27 1.97 4.29 4.08 0.634 1.46 15.6 10.8 3.96 8.37 2.47

EA epf613 1.88 3.08 <0.100 0.454<0.100<0.100 0.276 <0.100 <0.10020.2 <0.100
EA epf621 2.06 3.57 cO.1OO 0.513 <0.100<0.100 0.35 cO.1OO<0.10023.6 <0.100

AC2-20 f14pf22 6.02 1.89 7.76 2.03 1.2 2.82 19.6 10.8 ~9 7.58 1.22
AC2-35 f46pf21 7.31 2.16 4.72 4.26 0.66 1.6 17.2 10.7 4.33 8.54 3.07
AC2-21 f51pf22 9.04 2.82 8.11 1.93 0.24 2.77 19.5 6.36 2.79 7.58 4.65
AC2-10 f03pt22 6.22 2.7 7.18 6.22 0.399 2.4 15.5 6.23 3.22 10.9 4.28

restd res621 9.91 3.11 4.8 3.87 0.971 1.96 20.2 9.4 4.19 10.3 3.03
AC2-21 f5 lpf12 5.94 2.56 2.18 7.17 0.295 0.659 14.8 14.2 6.32 7.08 4.53
AC2-33 f35pf22 7.81 2.34 4.76 4.27 0.673 1.57 17.6 11.3 4.24 9.27 2.87
AC2-20 f14pf12 6.24 1.89 7.81 1.92 1.22 2.76 20.5 11.5 7.38 7.56 1.24

EA epf622 2.12 3.48 <0.100 0.516 <0.100 cO.100 0.403 <0.100 cO.1OO 23 cO.100
AC2-33 f35pf12 7.81 2.56 4.69 4.22 0.704 1.65 17.9 11.1 4.11 9.91 3.02
AC2-43 f30pf22 8.72 2.7 4.38 3.94 0.615 1.39 18.8 10.3 3.86 10.3 2.59
AC2-14 f19pf22 9.48 2.86 3.03 6.32 1.12 0.958 15.4 12 5.88 7.41 1.84

restd res622 10.2 3.04 5.35 4.17 0.952 2 20.4 10.1 4.55 9.82 3.28
AC2-10 K13pf12 6.3 2.91 7.25 6.48 0.392 2.32 15.1 7.02 3.09 10.8 4.42
AC2-35 f46pf22 7.65 2.36 5.23 4.56 0.721 1.72 18.3 12.5 4.52 8.94 3.09
AC2-43 f30pf12 8.53 2.76 4.52 4.06 0.629 1.49 19.1 10.4 3.93 10.3 2.71
AC2-14 f19pf12 9.62 2.92 3.15 6.71 1.14 0.984 15.9 13.3 6.25 8.02 1.88

EA epf623 2.2 3.79 <0.1000.534<0.100<0.100 0.395 <0.100 cO.1OO 24 <().100
EA epf711 2.13 3.72 cO.1OO 0.59 cO.1OOcO.1OO 0.394 <0.100 cO.1OO 23.4 cO.1OO

AC2-48 f34pf21 9.79 3.04 3.94 3.42 0.564 1.2 18.4 8.94 3.39 11.3 2.15
AC2-50 f02pfl 1 8.23 2.63 5.26 5.12 0.762 1.86 18.8 12.2 4.5 10.5 2.97
AC2-24 f15pf21 6.54 2.93 2.11 3.17 0.322 2.8 20.5 20.4 2.2 7.82 1.25
AC2-06 f18pfl 1 6.74 3.14 3.09 7.35 0.472 1.02 20.3 14.5 2.77 8.03 4.51

restd res71 1 10.7 3.34 5.39 4.35 1.08 2.18 20.4 10.2 4.4 10.5 3.04
AC2-48 f34pfl 1 9.55 3.18 4.06 3.61 0.559 1.3 19.6 9.14 3.32 11.7 2.24
AC2-50 f02pt’21 8.54 2.7 5.39 4.78 0.77 1.74 20.2 12.5 4.75 10.1 3.1
AC2-12 f47pfl 1 7.09 2.18 3.49 3.5 0.55 1.14 18.4 19.8 6.3 12.9 1.75

EA epf712 2.2 4.04 <0.1000.649 <0.100.<0.100 0.448 <0.100 <0.10025.2 <0.100
AC2-12 f47pf21 6.53 2.13 3.05 3.11 0,478 1.04 16.9 16.3 5.6 11.8 1.66
AC2-22 f3 lpfl 1 7.09 3.05 2.54 2.07 1.39 3 21.8 6.02 6.58 11.6 5.6

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-O0393
Table A.2: Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID Al B Ce Er Eu Gd La Nd pr Si Sm

----

7-1 13 AC2-24 f15pfl 1 6.9 3.24 2.45 3.34 0.365 3.23 22.9 20.7 2.24 8.32 1.33
7-1
7-1
7-1
7-1
7-1
7-1
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
7-2
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-1
8-2
8-2
8-2

.—-..

14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2
3

restd res712 10.9 3.33 5.27 4.33 1.03 2.16 20.3 9.8 4.28 10.8 2.93
AC2-22 f3 lpf’21 6.79 3.05 2.42 2.21 1.37 3. 20~6 5.78 6.65 11.8 4.96
AC2-29 f50pf21 6.76 3.16 2.39 8.03 0.322 0.769 15.4 15.5 7.02 8.22 4.83
AC2-29 f50pfl 1 6.3 2.9 2.3 7.68 0.306 0.688 14.6 14 6.4 7.54 4.6
AC2-06 f18pf21 6.63 3.05 3.4 6.89 0.475 0.976 19.6 16 2.7 8.28 4.84

EA epf713 2.18 3.91 cO.1OO 0.641 cO.1OO<0.100 0.433 cO.1OO<0.10025.7 cO.1OO
EA epf721 2.07 3.66<0.100 0.68 <0.100 cO.1OO 0.438 <0.100 <0.10023.9 cO.1OO

AC2-50 f02pf12 i.4 2.57 5.1 4.65 0.803 1.66 18 12.4 4.57 9.89 2.92
AC2-48 E34pf12 9.93 3.12 3.9 3.78 0.658 1.35 21.3- 10.2 3.73 11.1 2.91
AC2-22 f31pf22 7.26 3.08 2.43 2.47 1.51 3 22.8 6.2 7.38 11.9 5.91
AC2-29 f50pf22 7.85 3.74 2.74 10.2 0.474 0.956 18.2 18.5 8.57 9.3 3.9

restd res721 11.5 3.69 5.9 4.95 1.3 2.44 23.5 11.3 5.33 11.5 3.51
AC2-06 f18pf12 7.29 3.3 3.31 8.68 0.617 1.2 22.6 16.7 3.19 8.73 4.9
AC2-06 f18pf22 6.04 2.68 2.78 6.53 0.552 1.04 18.2 16.4 2.59 6.92 3.16
AC2-12 f47pf22 6.47 2.17 2.89 3.05 0.565 1.06 16.6 18.6 5.99 11.2 1.97

EA epf722 2.41 4.22 cO.1OO 0.765 <0.100 cO.1OO 0.504 <0.100 <0.10025.8 cO.1OO
AC2-24 f15pf12 6.85 3.11 2.29 3.27 0.404 2.93 22 21.2 2.19 8.23 1.48
AC2-48 f34pf22 9.31 2.95 3.54 3.57 0.647 1.26 18.6 9.12 3~~7 10.6 2.33
AC2-22 f31pf12 6.67 3.12 2.36 2.33 1.45 3.09 22.3 6.2 7.03 11.6 6.02

restd res722 10.9 3.26 5.33 4.67 1.18 2.26 22 10 4.63 10.6 3.18
AC2-24 f15pf22 6.75 2.89 2.28 3.21 0.404 2.8 20.8 19.6 2.12 7.58 1.39
AC2-12 f47pf12 6.24 2.04 2.91 3.02 0.544 1.02 15.7 18.1 5.97 10.8 1.68
AC2-50 f02pf22 7.62 2.44 4.72 4.73 0.793 1-61 18.1 12.2 4.47 9.28 3.12
AC2-29 f50pf12 6.38 2.91 2.12 7.73 0.384 0.726 14.4 14.8 6.88 7.62 4.71

EA epf723 1.85 3.36 <0.100 0.6624.100<0.100 0.107 <0.100 <0.10022.4 <0.100
EA ept%11 1.9 3.28 <0.100 0.461 4.100<0.100 0.297 <0.100 <0.10021.2 <0.100

AC2-38 f49pf21 6.8 2.15 5.11 4.97 0.731 1.74 17.9 12.1 4.75 8.15 2.93
AC2-27 f48pf21 8.73 1.88 8.31 2.03 0.259 2.84 14.8 5.06 7.27 11 5
AC2-16 f16pf21 8.94 2 2.92 6.77 0.456 2.4 15.9 16.5 2.66 7.62 1.45
AC2-17 f32pf21 7.54 2.43 4.99 4.44 0.769 1.68 17.5 10.7 4.46 9.33 2.72

restd res811 9.83 3.1 5 3.87 0.979 1.97 20.4 9 4.16 9.94 2.87
AC2-38 f49pfl 1 6.79 2.18 5.42 4.81 0.79 1.7 17.7 11.9 4.77 8.45 3.1
AC2-37 f17pf21 7.05 2.16 5.05 4.85 0.737 1.75 17.9 11.4 4.56 8.42 2.95
AC2-16 f16pfl 1 8.95 1.88 2.93 6.51 0.457 2.32 15.4 15.8 2.54 7.52 1.58

EA epf812 1.92 3.44 cO.1OO 0.493 4.100 cO.1OO 0.31 cO.1OO<0.10022.5 cO.1OO
AC2-27 f48pfl 1 8.63 1.89 8.09 1.92 0.247 2.82 14.2 5.12 7.1 11 4.7
AC2-17 f32pfl 1 7.47 2.37 4.82 4.43 0.735 1.7 17.4 10.1 4.43 9.05 2.82
AC2-37 f17pfl 1 7.09 2.22 5.24 4.85 0.756 1.77 17.6 11.6 4.53 8.46 2.92

restd res812 9.59 2.96 4.9 3.84 0.995 1.99 20.2 8.78 4.14 9.82 2.92
AC2-13 f33pfl 1 8.78 2.7 2.93 2.55 0.411 0.961 15.9 8.18 5.7 10.6 3.97
AC2-02 Illlpfl 1 8.93 2.92 7.28 2.62 0.425 2.54 20.4 7.29 6.26 7.91 1.6
AC2-13 f33pf21 8.81 2.82 2.96 2.58 0.417 0.963 16 8.29 5.48 10.6 3.9
AC2-02 fOlpf21 8.56 2.8 6.85 2.44 0.4 2.55 20.2 6.83 6.4 7.64 1.5

EA epf813 1.84 3.43 <0.1000.497 <0.100<0.100 0.329 <0.100<0.100 23 <0.100
EA epf821 2.01 3.66 cO.1OO 0.534 cO.1OO<0.100 0.46 <0.100<0.100 22.6 cO.1OO

AC2-13 f33pf12 9.13 2.79 2.84 2.83 0.501 1 15.7 9.3 5.77 11 4.42
AC2-17 f32pf12 7.84 2.45 4.91 4.73 0.843 1.77 17.4 11.6 4.39 9.4 3.1

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-00393
Table A.2: Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID A1 B Ce Er EU Gd ~ Nd Pr Si Srn
..— -

8-2 AC2-16 f16pf22 8.9 1.92 2.96 6.78 0.509 2.38 16 17.8 2.72 7.47 1.64
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2
8-2

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

AC2-27 f48pf12
restd res821

AC2- 13 f33pf22
AC2-02 fOlpf22
AC2- 16 f16pf12

EA epf822
AC2-02 fOlpf12
AC2-27 f48pf22
AC2-38 f49pf22

restd res822
AC2-17 f32pf22
AC2-38 f49pf12
AC2-37 f17pf22
AC2-37 f17pf12

EA epf823

8.71 2.02 8.13 2.04 0.321 2.9 14.4 5.61 7.38 11 4.73
10 2.98 4.79 4.14 1.05 2.05 20.4 9.64 4.16 9.85 3.07

8.97 2.84 2.75 2.66 0.49 1.01 15.6 9.23 5.63 10.9 4
9.29 2.83 7.32 2.75 0.499 2.65 20.8 8.33 6.65 7.82 .1.81
9.62 2 3 7.33 0.535 2.59 15.9 17.7 2.81 7.71 1.73
2.07 3.72 <0.100 0.507 <0.100<0.100 0.471 <0.100<0.100 23 <0.100
9.01 2.91 7.42 2.87 0.493 2.51 19.4 8.38 6.51 7.76 1.72
8.6 1.96 8.07 2.08 0.314 3.01 14.7 5.8 7.5 10.9 4.94

7.16 2.22 5.35 5.04 0.848 1.84 17.3- 13.6 4.88 8.39 3.24
10.2 3.11 4.75 4.15 1.06 2.09 19.9 9.55 4.24 10 2.86
7.83 2.49 5.06 4.84 0.851 1.71 17.8 11.7 4.42 9.53 3.01
7.15 2.2 5.32 5.38 0.868 1.77 17.8 13.6 4.88 8.52 3.25
7.28 2.34 5.23 5.1 0.851 1.86 18.4 13.3 4.76 8.91 3.24
7.25 2.36 5.35 5.33 0.826 1.88 18.1 12.9 4.9 8.98 3.12
2.06 3.6 <0.1000.542<0.100<0.100 0.472 <0.100 <0.10023.5 <0.100

—.

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-O0393
Table A.2: Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID A1203 BzOq C~03 Er203 EU203 Gdz03 Laz03 Nd203 Pr203 Si02 Sm2Q
2-1 10 EA epf212 3.760 11.205 0.059 0.532 0.058 0.058 0.541 0.058 0.059 48.776 0.058
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2

, 2-2
2-2
2-2
2-2

- 2-2
2-2
2-2
2-2
2-2
2-2
2-2
3-1
3-1

11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2

~;>3{E::;;;..:...3.

3-1 “4
3-1 5
3-1 6
3-1 7
3-1 8
3-1 9
3-1 10
3-1 11
3-1 12
3-1 13
3-1 14
3-1 15

*.:3-1.:: ‘+~$:
3-1 17
3-1 18
3-1 19

AC2-01 f$9pfl 1 12.376 6.440
AC2-47 flOpfl 1 15.324 7.663
AC2-47 f10pf21 15.324 7.631

restd res212 19.273 9.885
AC2-39 f42pfl 1 13.529 6.858
AC2-09 f26pf21 13.170 6.697
AC2-55 f23pf21 15.059 7.953
AC2-31 f55pf21 13.151 6.665

EA epf213 3.779 11.656
EA epl1221 3.666 11.688

AC2-09 f26pf22 12.131 6.279
AC2-39 f42pf22 13.000 6.891
AC2-01 f39pf22 12.395 6.472
AC2-47 f10pf22 15.097 7.567

restd res221 19.651 9.885
AC2-01 f39pf12 12.055 5.989
AC2-31 f55pf22 12.244 6.247
AC2-28 f07pf12 16.401 8.984

EA epf1222 3.552 10.465
AC2-28 f07pf22 15.985 8.662
AC2-47 f10pf12 14.133 6.826
AC2-55 f23pf12 15.399 7.857

restd res222 19.651 9.788
AC2-39 f42pf12 13.378 7.019
AC2-55 f23pf22 14.492 8.050
AC2-31 f55pf12 12.735 6.408
AC2-09 f26pf12 12.168 6.665

EA epf223 3.590 11.624
EA epf31 1 3.685 11.366

AC2-41 fl lpfl 1 12.376 6.569

AC2-26 f38pfl 1 16.533 3.832
restd res311 18.083 9.499

AC2-36 “f22pf21 13.982 7.406
AC2-07 f43pf21 17.553 5.989
AC2-07 f43pfl 1 17.535 6.279

EA epf312 3.911 11.205
AC2-45 f06pfl 1 14.190 7.567
AC2-45 f06pf21 15.664 7.696
AC2-26 f38pt21 18.404 6.086

restd res312 20.218 9.917
AC2-41 fl lpf21 11.375 6.343

:...Ac2}30;~.a7p:l};:i+~l~5~ 6s91
AC2-15 f54pfl 1 11.413 8.694
AC2-36 t’22pfl 1 13.397 7.374

EA epf313 3.401 9.563

9.066
6.044
5.974
5.974
6.958
9.429
12.416
2.729
0.059
0.059
8.808
6.536
8.855
5-997
6.266
8.433
2.659
9.570
0.059
9.441
5.646
11.221
6.184
6.817
11.362
2.600
8.925
0.059
0.059
6.747

:4.837..
3.139
2.764
5.423
5.763
3.303
3.174
0.059
9.745
10.835
2.940
5.728
5.329
4.264
2.999
5.447
0.059

8.039
5.386
5.283
4.665
6.083
8.256
5.237
9.422
0.569
0.650
7.822
5.946
7.913
5.009
4.505
7.501
9.079
8.119
0.630
7.936
4.826
5.317
4.643
6.015
5.203
9.400
7.639
0.631
0.593
6.026.

%277
2.870
8.576
4.425
5.329
7.501
7.330
0.575
4.665
4.917
8.931
4.746
5.969
3:682
2.950
5.294
0.526

0.469
0.805
0.807
1.169
0.946
1.320
0.798
0.318
0.058
0.058
1.274
0.930
0.507
0.830
1.204
0.503
0.325
1.471
0.058
1.436
0.791
0.860
1.204
0.982
0.819
0.322
1.389
0.058
0.058
0.952

,@746 .
.&,,:
1.251
1.413
1.125
0.830
1.251
1.274
0.058
0.614
0.684
1.586
1.227
0.934

‘0.660
1.204
0.802
0.058

1.136 23.691 8.841
1.833- ~2.049 13.997
1.959 21.931 13.880
2.420 24.394 11.781
2.075 21.462 16.330
2.951 20.641 13.997
1.902 22.283 8.561
3.458 18.648 22.745
0.058 0.441 0.058
0.058 0.410 0.058
2.905 19.117 12.947
2.167 21.580 15.280
1.245 24.042 8.585
2.040 22.283 14.113
2.490 24.746 12.247
1.268 24.277 8.410
3.250 17.475 21.112
3.389 16.771 6.112-
0.058 0.493 0.058
3.389 16.888 6.462
1.890 20.407 12.830
2.063 23.104 8.328
2.570 25.567 11.582
2.248 21.697 15.396
2.006 21.814 8.165
3.273 18.061 19.829
3.054 19.820 13.297
0.058 0.379 0.058
0.058 0.388 0.058
2.075 20.876 15.513. .. /“ ., ..\
,:1:487+.1.9.820{:1i..4o7
2.639 16.888 19.012
0.681 22.518 5.645
2.190 22.635 10.486
1.821 19.820 13.764
1.032 21.814 10.054
0.998 19.703 10.603
0.058 0.346 0.058
1.418 18.648 10.229
1.568 20.055 11.326
0.761 24.629 6.019
2.340 23.104 10.708
2.040 18.882 13.297
1.268 ‘18.882>10.451
2.778 17.240 15.863
1.821 18.882 13.647
0.058 0.312 0.058

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
c implies less than detection limit.

7.818 22.035
5.243 19.446
5.313 19.639
5.114 20.494
6.039 17.499
8.098 16.836
6.285 19.361
2.610 24.388
0.059 49.204
0.059 48.348
7.818 16.794
6.015 18.184
8.063 23.318
5.395 21.051
4.939 21.607
7.771 22.891
2.399 23.960

‘8.344 16.237
0.059 45.353
8.649 16.237
5.220 18.655
6.144 21.350
5.208 22.249
6.285 18.612
6.086 20.131
2.446 23.532
8.333 16.601
0.059 49.418
0.059 47.492
6.121 16.451

?.’4.260 ~~20.580.,
2.856 21.607
2.305 22.891
4.658 20.259
5.021 18.355
2.949 23.104
3.031 23.104
0.059 48.990
4.763 19.232
4.880 20.366
2.446 24.174
4.845 21.093
5.173 15.809

.,3.815 17.713
2.657 22.035
5.067 17.350
0.059 43.642

1.94s
3.398
3.514
3.432
4.012
5.195
3.560
1.531
0.058
0.058
5.288
3.780
2.122
3.548
3.641
2.029
1.600
1.473
0.058
1.531
3.305
3.630
3.653
4.175
3.386
1.600
5.323
0.058
0.058
3.757
~841j’;

1.913
5.369
3.224
3.363
1.925
1.971
0.058
2.505
3.050
5.694
3.398
3.316
2.261’<’
1.786
2.969
0.058



Appendix A WSRC-TR-99-O0393
Table A.2 Measured Compositions (Using Peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID A1Z03 BZ03 C%03 Erz03 EUZ03 Gd203 Laz03 NdzOq Prz03 SiOz Sm203
3-2 1
3-2 2
3-2 3
3-2 4

,3-2:::,,, 5 .

3-2 6
3-2 7

.3.2 +,:;:. .8 ~,;
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-1
4-I
4-1

- 4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1

.;4.$1.>,?$

4-1 ‘
4-1

9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11

EA epf321 3.930 11.366
AC2-45 f06pf22 16.099 7.953
AC2-26 f38pf22 18.460 6.504
AC2-26 f38pf12 18.517 6.472
A~-30 f27pf12 16:854 8:662

restd re321 21.162 10.400
AC2-45 f06pf12 15.343 7.792
.AC2-30 i27pf22 17:~70 .,9~145 ~
AC2-41 fl lpf12 12.697 6.’858

EA epf322 3.855 11.785
AC2-07 f43pf22 17.875 6.182
AC2-15 f54pf22 12.376 9.692
AC2-15 f54pf12 13.283 9.756

restd re322 20.596 10.304
AC2-36 f22pf22 14.719 7.438
AC2-41 fl lpf22 13.491 7.277
AC2-07 f43pf 12 17.081 6.504
AC2-36 f22pf12 13.850 7.889

EA epf323 3.741 10.851
EA epf411 4.062 12.010

AC2-40 f12pf21 14.039 6.923
AC2-40 f12pfl 1 12.622 6.214
AC2-23 f7)5pfl 1 18.630 6.182
AC2-42 f21pfl 1 17.705 8.629

restd re411 20.029 9.563
AC2-42 f21pf21 18.045 8.951
AC2-44 f44pfl 1 13.945 7.245
AC2-23 fV5pf21 16.061 5.699

EA epf412 0.094 5.184
AC2-11 f37pfl 1 17.799 6.987

0.059
11.713
2.952
3.209
5i095
6.044
11.303
5:236 !,

6.723
0.059
3.315
3.526
3.572
6.149
6.384
6.922
3.479
6.138
0.059
0.059
6.430
6.407
2.518
4.404
5.903
4.451
6.466
2.378
0.059
8.796

0.595
5.294
8.931
9.045
4.608
4.654
5.409
4.963
6.186
0.623
7.856
3.076
3.019
4.906
5.569
6.404
8.039
5.843
0.577
0.574
6.083
5.763
2.378
3.968
5.089
4.048
5.958
2.093
0.172
3.248

0.058
0.670
1.447
1.459
0.709
1.181
0.630
owl
0.933
0.058
1.181
1.239
1.297
1.137
0.811
0.923
1.239
0.802
0.058
0.058
1.007
0.924
0.328
0.596
1.169
0.611
0.945
0.309
0.058
0.533

0.058 0.403 0.058
1.614 20.759 11.524
0.824’ 25.919 6.695
0.839 25.802 6.660
1.614 21.814 12.131
2.328 24.512 11.897
1.591 20.641 11.629
1.683 22~635 :12.830
2.213 21.345 16.563
0.058 0.-331 0.058
1.105 23.221 11.326
2.835 18.882 19.945
2.939 18.882 20.879
2.444 24.863 11.664
1.948 20.641 14.697
2.236 20.289 16.330
1.087 23.925 9.938
1.971 21.462 14.463
0.058 0.425 0.05~
0.058 0.459 0.058
2.109 20.641 15.863
2.086 19.938 15.980
0.679 23.339 17.496
1.268 21.580 9.856
2.340 24.277 11.384
1.406 22.049 10.684
2.029 20.759 14.813
0.640 22.752 15.746
0.058 0.059 0.058
1.126 19.468 19.945

0.059 51.771
5.208 21.393
2.516 25.244
2.715 24.816
4611 i23Y46
5.161 22.891
5.301 21.607
“W05 “23318
6.179 17.136
0.059 52.199
3.054 24.388
3.066 25.672
3.031 24.174
5.173 23.960
5.547 20.067
5.957 17.478
3.078 25.458
5.395 20.238

‘-0.059 49.418
0.059 51.557
6.483 18.355
5.898 17.756
7.326 16.644
3.745 23.532
5.009 21.821
3.956 25.030
5.688 18.676
6.998 16.195
0.177 25.672
4.061 18.270

0.058
2.945
6.030
5.821
2.864
3.618
2.748

‘2:922
4.059
0.058
1.890
2.052
1.995
3.583
3.769
3.954
2.110
3.444
0.058
0.058
4.117
3.583
1.554
2.551
3.711
2.795
3.977
1.392
0.058
5.473

:12.::7> AC2-5~if5$p.@ “18~~$.&@@:l . ..2$63S: 2.344 +.i:363..:,.$693 . 18.+1:3:~~2.16~.@2;~28;<@i816 ;2:739..
13 AC2-11 f37pf21 18.064 6.408 S:S0S 3.167 0.531 1.098 19.586 20.062 3:979 17.542 5.612
14 restd res412 20.973 10.593 6.032 5.031 1.227 2.363 24.629 12.014 5.337 23.532 3.722

‘.@’:&s~ %15?~~~~AC2-S3:;f$3pfl:l 19$~~~/~9:9&2 x:2.?’@;Y2zl-47 #/521 ‘:0.723 l?:592~;2227.8 t_~458 .,:25.030 ‘:lj821 ‘
4-1 16 AC2-i6 f28pf21 13.245 6.66S 7.356’ 6.952 1.121 2.420 20.289 17.846 6.483 17.478 4.522
4-1 17 AC2-46 f28pf21 12.981 6.504 7.004 6.575 0.822 2.271 20.759 16.446 6.483 17.414 4.186
4-1 18 AC2-44 f44pf21 13.623 6.858 6.290 5.900 0.937 1.971 19.468 14.347 5.840 18.655 3.861
4-1 19 EA epf413 3.703 11.109 0.164 0.532 0.058 0.058 0.432 0.058 0.059 49.418 0.058
4-2 1 EA epf421 3.722 11.559 0.059 0.609 0.058 0.058 0.432 0.058 0.059 48.776 0.058
4-2 2 AC2-42 f21pf12 17.516 8.887 4.252 4.082 0.653 1.349 22.870 10.311 3.944 22.891 2.470

‘*”Y 3 :N<<>A02A53 .?f53$fJ~~:17$~89’;~:8~g8$+22ti&>:.2;33~: ; ;$!FIY.‘@k89 :y16:?~~$$S>228~~>~:30F$;~$167.7‘:ff@5.;++~ ..::.s>,.:.,,.>>>.. . . .... ...
4-2 4 AC2-23 f05pf22 16.514 6.182 2.542 2.413 0.347 0.731 24.629 17.963 7.595 15.638 1.426
4-2 5 AC2-11 f37pf12 17.138 6.182 8.351 3.065 0.537 1.052 18.999 19.829 3.827 16.515 5.195
4-2 6 restd re421 19.273 9.595 6.056 4.665 1.216 2.317 23.925 11.897 4.974 20.601 3.572
4-2 7 AC2-44 f44pf22 13.132 7.084 6.442 5.832 0.967 1.982 21.228 15.513 5.816 17.713 3.699
4-2 8 AC2-44 f44pf12 13.529 6.891 6.302 5.900 0.947 2.052 21.110 15.280 5.594 17.820 3.711
4-2 9 AC2-42 f21pf22 16.458 8.629 4.041 3.876 0.632 1.302 21.697 10.474 3.839 21.821 2.412
4-2 10 EA epf422 3.660 11.431 0.059 0.659 0.058 0.058 0.452 0.058 0.059 48.348 0.058

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.



Appendix A WSRC-TR-99-O0393
Table A.2: Measured Compositions (lJsing peroxide Fusion Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID AlzOs B203 C~03 Er203 EU203 Gd203 IJi203 Nd203 Pr203 Si02 &n203
4-2 11 AC2-46 f28pf22 12.244 6.536 6.969 6.552 1.022 2.190 20.524 17.496 6.495 16.002 4.001
4-2 Y, };112;;;;~’;;AC275$:~f53p,@2.J7;318x 9.692 2(56$ 2.516 1.609 0.779 18.061 22.278 .2.586 .23.746 11:542
4-2
4-2
4-2
4-2
4-2
4-2
4-2
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1

- 5-1
5.-1
5-1
5-1
5-1
5-1
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
6-1

13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1

. . . .. ..,, .,
AC2-40 f12pf12 13.’019 6.826 6.;71

restd res422 19.273 10.400 6.009
AC2-23 f05pf12 16.873 6.440 2.589
AC2-46 f28pf12 12.773 6.504 7.180
AC2-40 f12pf22 13.208 7.019 6.700
AC2-11 f37pf22 17.799 5.989 8.796

EA epf423 3.760 11.656 0.059
EA epf511 3.855 11.205 0.059

AC2-19 f29pfl 1 12.811 8.146 10.026
ARM f13pfl 1 6.009 10.626 1.277

AC2-04 f36pfl 1 12.112 5.570 3.479
AC2-25 f45pf21 18.423 5.860 2.717

restd res511 19.462 8.919 6.009
AC2-34 f52pfll 16.628 7.857 5.458
AC2-04 f36pf21 12.679 5.570 3.795
AC2-34 f52pfl 1 16.835 7.052 5.529

EA epf512 3.949 10.271 0.190
AC2-03 f04pfl 1 13.170 8.307 9.734

ARM f13pf21 6.387 12.654 1.546
AC2-03 fo4p~1 13.453 7.953 9.523

restd res512 20.596 9.048 6.653
AC2-25 f45pfl 1 19.462 5.667 3.045
AC2-32 f20pf21 15.985 7.921 6.981
AC2-19 f29pf21 13.510 7.824 10.881
AC2-32 f20pfl 1 16.665 7.052 7.414

EA epf513 4.025 10.497 0.059
EA epf521 3.836 11.592 0.059

ARM f13pf12 6.235 11.978 1.370
AC2-19 f29pf22 11.961 9.434 10.237
AC2-04 f36pf12 12.263 6.311 3.584
AC2-32 f20pf12 15.286 8.533 6.606

restd res521 18.857 9.692 5.845
ARM f13pf22 6.613 12.976 1.394

AC2-19 f29pf12 12.395 9.016 10.155
AC2-25 f45pf12 17.478 6.665 2.518

EA epf522 3.741 11.076 0.059
AC2-03 f04pf22 12.301 9.112 9.394
AC2-34 f52pf12 16.174 8.082 5.201
AC2-04 f36pf22 11.904 6.053 3.631

restd res522 18.744 9.080 5.775
AC2-34 f52pf22 15.683 7.631 5.306
AC2-03 f04pf12 11.885 8.404 8.843
AC2-32 f20pf22 14.133 7.599 5.962
AC2-25 f45pt’22 17.043 6.214 2.518

EA epf523 3.571 10.368 0.059
EA epf611 3.666 10.980 0.059

6.461
5.089
2.481
6.667
6.507
3.145
0.690
0.597
8.805
2.939-
3.065
9.068
4.746
4.814
3.293
4.677
0.640
3.270
3.945
3.293
4.997
10.234
5.878
9.411
6.244
0.663
0.694
3.225
8.782
3.110
5.843
4.551
3.396
8.839
8.942
0.680
3.087
4.620
3.053
4.368
4.631
3.122
5.409
8.576
0.674
0.595

1.025
1.227
0.353
1.071
1.013
0.562
0.058
0.058
0.251
0.058
0.505
1.540
1.216
0.782
0.530
0.755
0.058
1.378
0.058
1.401
1.239
1.667
0.945
0.261
0.966
0.058
0.058
0.058
0.278
0.550
0.916
1.150
0.058
0.278
1.459
0.058
1.308
0.750
0.487
1.134
0.716
1.251
0.830
1.447
0.058
0.058

2.201-
2.432
0.777
2.328
2.167
1.101
0.058
0.058
0.931
0.058
3.020
3.608
2.524
1.856
3.285
1.890
0.058
1.302
0.058
1.325
2.616
3.700
2.294
0.968
2.455
0.058
0.058
0.058
0.859
2.893
2.075
2.340
0.058
0.899
3.204
0.058
1.210
1.706
2.801
2.328
1.729
1.176
2.029
3.124
0.058
0.058

51.697
25.098
24.512
21.462
22.166
19.468
0.450
0.408

24.042
0.059

25.215
26.857
26.036
22.518
26.623
22.635
0.469

26.036
0.059

27.678
26.740
27.209
23.221
26.153
24-629
0.487
0.443
0.072

23.691
24.277
22.166
23.221
0.091

24.981
24.394
0.446

23.925
21.110
25.684
23.456
20.759
22.987
19.938
23.808
0.437
0.369

16.563
12.247
18.196
17.379
16.213
19.129
0.058
0.058
6.159
6.590
18.429
10.533
11.641
12.597
19.596
12.597
0.058-

20.179
6.264
19.945
11.781
11.151
13.647
6.590
14.113
0.058
0.058
5.855
6.100
17.613
12.364
11.244
5.447
6.334
10.276
0.058
19.362
11.652
17.846
11.314
11.466
17.729
12.014
9.984
0.058
0.058

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than deteetion limit.

6.331
5.103
7.630
6.671
6.261
4.014
0.059
0.059
3.651
0.291
6.940
2.703
5.255
4.904
7.314
4.985

--0.059
4.131
0.296
4.260
5.500
2.703
5.957
4.096
6.027
0.059
0.059
0.059
3.534
6.975
5.676
4.763
0.059
3.686
2.364
0.059
3.757
4.552
6.741
4.763
4.459
3.569
5.114
2.188
0.059
0.059

17.307
22.249
16.751
16.879
18.612
16.836
50.915
50.060
23.960
41.502
17.157
17.307
22.463
21.821
17.414
22.463
52.627
18.355
53.696
17.842
23.318
18.227
23.746
25.030
21.607
53.269
49.418
42.144
22.891
16.729
20.195
21.072
47.920
23.104
16.986
48.134
17.050
21.329
15.767
21.136
20.109
16.280
18.740
15.852
48.134
45.781

4.059
3.583
1.542
3.989
4.012
5.172
0.058
0.058
1.531
0.143
5.207
6.215
3.595
3.061
5.404
3.085
0.205
2.122
0.139
2.261
4.059
6.308
4.035
1.728
3.803
0.058
0.058
0.058
0.909
3.305
2.377
3.514
0.058
1.097
5.578
0.058
1.368
1.821
4.511
3.479
1.681
1.507
3.780
4.093
0.058
0.058

..—---- ..-----.,. . . - . . ... ... -.. —— -..-.. ,. ,..,,-—— — .. .. -.. ..-,”” —.—. . . . --- . . . ----



Appendix A WSRC-TR-99-O0393
Table A.2: Measured Compositions (usingPerOxi&FUSiOnDissolutionMethod) Revision O
(concentrations are expressed as weight percents)

..-. . ..-

Block Sequence Glass ID Lab ID A1203 BZOJ C~03 Erz03 EUZ03 Gd203 Laz03 Ndz03 Prz03 SiOz Sm203
6-1 AC2-21 f51pf21 17.365 8.919 9.909 2.401 0.311 3.250 24.629 8.188 3.335 15.959 5.728
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-1
6-2
6-2
6-2
6-2

- 6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
6-2
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1
7-1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
1
2
3
4
5
6
7
8
9
10
11

AC2-10 f03pfl 1 11.979 8.823 8.281 7.627 0.511 2.755 18.882 8.585 3.710
AC2-33 f35pf21 14.757 7.535 5.517 5,009 0.821 1.879-50.759 13.764 4.880
AC2-10 f03pf21 12.225 8.662 8.176 7.730 0.506 2.812 18.530 8.340 3.803

restd res611 19.084 9.145 5.646 4,597 1.134 2.294 23.925 11.361 4.681
AC2-43 f30pf21 15.721 7.889 4.826 4,391 0.703 1.556 21.110 11.594 4.178
AC2-43 f30pfl 1 15.683 7.728 4.697 4.368 0.712 1.544 21.228 12.131 4.119
AC2-21 f51pfl 1 12.225 8.790 2.483 8,908 0.346 0.776 16.771 16.913 7.513

EA epf612 3.873 10.561 0.059 0.600 0.058 0.058 0.360 0.058 0.059
AC2-35 f46pf21 14.247 7.213 5.540 5.535 0.879 1.913 20:172 14.230 4.705
AC2-35 f46pfl 1 13.359 6.536 5.353 5.031 0.812 1.763 19.586 13.530 4.751
AC2-20 f14pf21 12.490 5.474 9.124 2.138 1.401 3.020 22.987 12.830 8.157

restd res612 19.084 8.887 5.493 4.517 1.181 2.201 23.104 10.987 4.634
AC2-14 f19pf21 16.646 7.663 3.127 7.398 1.227 0.989 17.240 13.880 6.308
AC2-20 f14pfl 1 11.488 5.345 8.773 2.196 1.389 3.020 22.283 12.830 8.075
AC2-14 f19pfl 1 16.949 7.921 3.245 6.998 1.216 0.998 17.006 13.647 6.238
AC2-33 f35pfl 1 13.737 6.343 5.025 4.665 0.734 1.683 18.296 12.597 4.634

EA epf613 3.552 9.917 0.059 0.519 0.058 0.058 0.324 0.058 0.059
EA epf621 3.892 11.495 0.059 0.587 0.058 0.058 0.410 0.058—0.059

AC2-20 f14pf22 11.375 6.086 9.089 2.321 1.389 3.250 22.987 12.597 8.414
AC2-35 f46pf21 13.812 6.955 5.529 4.871 0.764 1.844 20.172 12.480 5.067
AC2-21 f51pf22 17.081 9.080 9.499 2.207 0.278 3.193 22.870 7.418 3.265
AC2-10 f03pf22 11.753 8.694 8.410 7.113 0.462 2.766 18.178 7.267 3.768

restd res621 18.725 10.014 5.622 4.425 1.124 2.259 23.691 10.964 4.904
AC2-21 f51pf12 11.224 8.243 2.553 8.199 0.342 0.760 17.357 16.563 7.396
AC2-33 f35pf22 14.757 7.535 5.575 4.883 0.779 1.810 20.641 13.180 4.962
AC2-20 f14pf12 11.790 6.086 9.148 2.196 1.413 3.181 24.042 13.414 8.637

EA epf622 4.006 11.205 0.059 0.590 0.058 0.058 0.473 0.058 0.059
AC2-33 f35pf12 14.757 8.243 5.493 4.826 0.815 1.902 20.993 12.947 4.810
AC2-43 f30pf22 16.476 8.694 5.130 4.505 0.712 1.602 22.049 12.014 4.517
AC2-14 f19pf22 17.912 9.209 3.549 7.227 1.297 1.104 18.061 13.997 6.881

restd res622 19.273 9.788 6.266 4.768 1.102 2.305 23.925 11.781 5.325
AC2-10 f03pf12 11.904 9.370 8.492 7.410 0.454 2.674 17.709 8.188 3.616
AC2-35 f46pf22 14.455 7.599 6.126 5.214 0.835 1.982 21.462 14.580 5.290
AC2-43 f30pf12 16.117 8.887 5.294 4.643 0.728 1.717 22.400 12.131 4.599
AC2-14 f19pf12 18.177 9.402 3.690 7.673 1.320 1.134 18.648 15.513 7.314

EA epf623 4.157 12.203 0.059 0.611 0.058 0.058 0.463 0.058 0.059
EA epf71 1 4.025 11.978 0.059 0,675 0.058 0.058 0.462 0.058 0.059

AC2-48 f34pf21 18.498 9.788 4.615 3.911 0.653 1.383 21.580 10.428 3.967
AC2-50 f02pfl 1 15.551 8.468 6.161 5.855 0.882 2.144 22.049 14.230 5.266
AC2-24 f15pf21 12.357 9.434 2.471 3.625 0.373 3.227 24.042 23.795 2.575
AC2-06 f18pfl 1 12.735 10.110 3.619 8.405 0.547 1.176 23.808 16.913 3.242

restd res711 20.218 10.754 6.313 4.974 1.251 2.513 23.925 11.897 5.149
AC2-48 f34pfl 1 18.045 10.239 4.755 4.128 0.647 1.498 22.987 10.661 3.885
AC2-50 f02pf21 16.136 8.694 6.313 5.466 0.892 2.006 23.691 14.580 5.559
AC2-12 f47pfl 1 13.397 7.019 4.088 4.002 0.637 1.314 21.580 23.095 7.373

EA epf712 4.157 13.008 0.059 0.742 0.058 0.058 0.525 0.058 0.059
AC2-12 f47ptZ?l 12.338 6.858 3.572 3.556 0.553 1.199 19.820 19.012 6.554

The as-reported values for AC2-30 and AC2-53 are shaded to indicate that
these measurements are believed to be switched.

They are relabeled accordingly elsewhere in this report.
< implies less than detection limit.

22.677
18.847
22.249
21.607
20.559
20.345
16.066
47.706
19.232
18.056
15.852
20.494
15.018
14.911
15.339
17.906
43.214
50.487
16.216
18.270
16.216
23.318
22.035
15.146
19.831
16.173
49.204
21.200
22.035
15.852
21.008
23.104
19.125
22.035
17.157
51.343
50.060
24.174
22.463
16.729
17.179
22.463
25.030
21.607
27.597
53.910
25.244

5.067
3.293
4.824
3.467
2.713
2.737
5.705
0.058
3.282
3.258
1.357
3.085
1.681
1.357
1.797
2.864
0.058
0.058
1.415
3.560
5.392
4.963
3.514
5.253
3.328
1.438
0.058
3.502
3.003
2.134
3.803
5.125
3.583
3.143
2.180
0.058
0.058
2.493
3.444
1.450
5.230
3.525
2.598
3.595
2.029
0.058
1.925



Appendix A WSRC-TR-99-O0393
Table A.3: K and Na Measurements (Using Lithium-metaborate Dissolution, Methoh) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID .Lab ID K Na KZO NazO
1-1 1 EA epfl 11 cO.150 12.7 0.090 17.120
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
l-l
1-1
1-1
1-1
1-1
1-1
2-1
2-1
2-1
2-1
2-1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
1
2
3
4
5

AC2-25 f451m21 <0.150 0.184 0.090 0.248
AC2-32 f20hn21 <0.1500.152 0.090 0.205
AC2-43 f30hn21 <0.1500.132 0.090 0.178
AC2-31 f551ml 1 cO.150 0.182 0.090 0.245
AC2-47 flOlml 1<0.150 0.17 0.090 0.229
AC2-24 f151ml 1<0.150 0.173 0,090 0.233
AC2-25 f451ml 1 cO,150 0.171 0.090 0.231
AC2-18 f251ml 1 cO.150 0.164 0.090 0,221
AC2-05 f40hn21 <0.150 0.194 0.090 0,262
AC2-05 f401ml 1<0.150 0.202 0.090 0,272
AC2-33 f351ml 1 cO.150 0.157 0.090 0,212
AC2-32 f201ml 1<0.150 0.165 0.090 0.222

EA elml 12 <0.150 12.4 0.090 16.715
AC2-33 f351m21 <0.150 0,197 0,090 0.266
AC2-29 f50hn21 <0,150 0.219 0,090 0.295
AC2-18 f251m21 cO.150 0,169 0,090 0.228
AC2-29 f501ml 1 cO,150 0.182 0.090 0.245
AC2-54 f56hn21 <0,150 0.195 0.090 0.263
AC2-23 f051ml 1<0.1500.148 0.090 0.200
AC2-47 f10hn21 <0.150 0.148 0.090 0,200
AC2-23 f051m21 <0.150 0.151 0.090 0.204
AC2-24 f151m21 cO.150 0.182 0.090 0.245
AC2-43 f301ml 1<0.150 0.152 0,090 0.205
AC2-31 f551m21 <0.150 0,216 0,090 0.291
AC2-54 f561ml 1 cO,150 0.19 0,090 0.256

EA elml 13 <0.150 12.2 0.090 16,446
EA ehn211 cO.150 12,9 0.090 17,389

AC2-52 f24hn21 <0.150 0,16 0.090 0,216
AC2-51 f091ml 1<0.150 0.187 0.090 0.252
AC2-51 f091m21 <0.150 0,322 0.090 0.434
AC2-19 f291ml 1<0.150 0.14 0.090 0.189

Block Seauence Glass ID Lab ID K Na K?O Na?O
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
2-2
2-2
2-2
2-2
2-2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

li21
3
4
5

EA elm121 <0.150 12.5 0.090 16.850
AC2-29 f501m12 <0.150 0.204 0.090 0.275
AC2-32 f20hn22 <0.150 0.169 0.090 0.228
AC2-29 f50hn22 <0.1500.226 0.090 0.305
AC2-54 f561m22 <0.150 0.202 0.090 0.272
AC2-33 f351m12 <0.150 0.162 0.090 0.218
AC2-18 f251m22 <0.150 0.183 0,090 0.247
AC2-05 f40hn22 <0.150 0,207 0.090 0.279
AC2-25 f451m12 <0.150 0.177 0.090 0.239
AC2-23 fl15hn22 <0.150 0.162 0.090 0.218
AC2-54 f561m12 <0.150 0.185 0.090 0.249
AC2-24 f151m12 cO.150 0.186 0.090 0.251
AC2-31 f551m12 <0.150 0.191 0.090 0.257

EA elm122 <0.150 12.9 0.090 17.389
AC2-47 f101m22 <0.150 0.163 0,090 0.220
AC2-43 f30hn22 <0.150 0,153 0.090 0.206
AC2-47 f101m12 cO.150 0.183 0.090 0.247
AC2-18 f251m12 <0.150 0.176 0.090 0.237
AC2-33 f35hn22 <0.150 0.21 0,090 0.283
AC2-32 f201m12 <0.150 0.173 0,090 0,233
AC2-43 f301m12 <0,150 0.167 0.090 0.225
AC2-24 f15hn22 <0.150 0,185 0.090 0,249
AC2-31 f551m22 <0.150 0,236 0.090 0,318
AC2-25 f451m22 <0.150 0,203 0.090 0.274
AC2-23 f051m12 <0.’150 0.165 0.090 0.222
AC2-05 f401m12 <0.150 0.21 0.090 0.283

EA elm123 c0,150 12.7 0,090 17,120
EA ehn221 <0.150 12.2 0.090 16.446

AC2-20 f141m12 <0.150 0.187 0.090 0,252
AC2-48 f341m22 <0.150 0,119 0.090 0.160
AC2-38 f491m12 cO.150 0.146 0.090 0.197
AC2-19 f29hn22 <0.150 0.123 0,090 0.166



Appendix A WSRC-TR-99-O0393
Table A.3: K and Na Measurements (Using Lithium-metaborate Dissolution Method) Revision O
(concentrations are expressed as weight percents)

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
11
12

Block Sequence Glass ID Lab ID K Na KZO NazO Block Sequence Glass ID Lab ID K Na KZO Na20
2-1 AC2-15 f541m21 cO,150 0,212 0,090 0.286 2-2 6 AC2- 15 f541m22 <0.150 0.181 0.090 0.244
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1

AC2-19 f291ml 1<0,150 0.144 0.090 0,194
AC2-38 f491m21 <0.150 0.179 0,090 0,241
AC2-15 f541ml 1 cO.150 0.208 0,090 0.280
AC2-01 f39hn21 <0.150 0.176 0.090 0.237
AC2-14 f191ml 1<0.150 0.206 0.090 0,278
AC2-03 f04hn21 <0.150 0.182 0,090 0.245

EA elm212 <0.150 12.6 0.090 16,985
AC2-52 f241ml 1<0.150 0.186 0.090 0,251
AC2-38 f491ml 1<0.150 0,184 0.090 0.248
AC2-14 f19hn21 cO.150 0,2 0.090 0.270
AC2-48 f341ml 1 cO.150 0.171 0.090 0.231
AC2-44 f44hn21 <0.150 0.209 0.090 0.282
AC2-44 f441ml 1 cO.150 0.209 0.090 0.282
AC2-48 f34hn21 <0,150 0.156 0.090 0,210
AC2-20 f14hn21 <0.150 0.178 0.090 0.240
AC2-03 f041ml 1 cO.150 0.182 0.090 0.245
AC2-01 f391ml 1 cO,150 0.206 0.090 0.278
AC2-20 f141ml 1 cO.150 0.204 0.090 0.275

EA ehn213 <0.150 12.8 0.090 17.254
EA elm311 <0.150 12.4 0.090 16,715

AC2-08 f08hn21 <0.150 0.224 0.090 0.302
AC2-46 f281ml 1<0.150 0.181 0.090 0.244
AC2-13 f331m21 <0.150 0.138 0.090 0.186
AC2-53 f531ml 1<0.150 0.187 0.090 0.252
AC2-10 f03hn21 <0.150 0.21 0.090 0.283
AC2-46 f28hn21 <0.150 0.189 0.090 0.255
AC2-07 f431ml 1 cO.150 0.213 0.090 0.287
AC2-06 f181ml 1 cO.150 0.212 0.090 0.286
AC2-27 f481ml 1 cO.150 0.214 0.090 0.288
ARM f131rn21 <0.150 7.24 0,090 9.760

AC2-07 f431m21 <0.150 0.217 0.090 0.293

2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4

5
6
7
8

‘1
101

11
12

AC2-01 f391m12 <0.150 0.178 0.090 0.240
AC2-19 f291m12 <0.150 0,118 0.090 0.159
AC2-52 f241m22 <0.150 0.14 0.090 0.189
AC2-14 f191m22 <0.150 0.183 0.090 0,247
AC2-48 f341m12 <0.150 0.139 0.090 0.187
AC2-44 f44hn22 <0,150 0.168 0.090 0.226

EA elm222 <0.150 12.3 0.090 16.580
AC2-52 f241m12 <0.150 0,162 0.090 0.218
AC2-20 f14hn22 <0.150 0.162 0.090 0.218
AC2-15 f541m12 <0.150 0.174 0.090 0.235
AC2-44 f441m12 <0.150 0.175 0.090 0.236
AC2-01 f39hn22 <0.150 0.142 0.090 0.191
AC2-14 f191m12 <0.150 0.175 0.090 0.236
AC2-38 f491m22 <0.150 0.158 0.090 0.213
AC2-51 f09hn22 <0.150 0.286 0.090 0.386
AC2-51 f091m12 <0.150 0.162 0.090 0.218
AC2-03 f041m22 <0.150 0.152 0.090 0.205
AC2-03 f041m12 cO,150 0.166 0.090 0.224

EA elm223 <0,150 12.4 0.090 16.715
EA elm321 <0.150 12,9 0,090 17,389

ARM f131m22 <0.150 7.54 0.090 10,164
AC2-06 f181m12 cO.150 0.232 0.090 0,313
AC2-53 f531m22 <0,150 0.307 0,.090 0.414
AC2-55 f231m22 <0.150 0.207 0.090 0,279
AC2-08 f081m12 cO.150 0.253 0.090 0.341
AC2-26 i381m12 cO.150 0,212 0.090 0.286
AC2-46 f281m12 cO.150 0.242 0.090 0.326
AC2-06 f181m22 <0.150 0.284 0.090 0.383
AC2-53 f531m12 <0.150 0.255 0.090 0.344
AC2-10 fU31m12cO.150 0.274 0.090 0.369
AC2-27 f481m12 <0.150 0.273 0.090 0.368



Appendix A . WSRC-TR-99-O0393
Table A.3: K and Na Measurements (Using Lithium-metaborate Dissolution Metho’d) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID K Na K20 NazO Block Sequence Glass ID Lab ID K Na KZO NazO
3-1 13 EA elm312 <0.150 12.4 0.090 16.715 3-2 13 EA elm322 <0.150 13 0.090 17.524
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1

14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

AC2-10 f7)31ml1<0.1500.231 0.090 0.311
AC2-08 f081ml 1<0.150 0.235 0.090 0.317
AC2-26 f38hn21 <0.1500,232 0.090 0.313

ARM f131ml 1 cO.150 7.18 0.090 9.679
AC2-26 f381ml 1<0.150 0.193 0.090 0.260
AC2-55 f23hn21 <0.150 0.189 0.090 0.255
AC2-27 f48hn21 <0.1500.195 0.090 0.263
AC2-13 f331ml 1<0.150 0.156 0.090 0.210
AC2-55 f231ml 1<0.150 0.205 0.090 0,276
AC2-06 f18hn21 <0.1500.246 0.090 0.332
AC2-53 f53hn21 <0.150 0.278 0.090 0.375

EA elm313 <0.150 11.5 0,090 15,502
EA elm411 <0.150 12.3 0.090 16.580

AC2-11 f371ml 1<0.150 0.267 0.090 0.360
AC2-50 f021m21 <0.150 0.242 0.090 0.326
AC2-12 f471m21 cO.150 0.291 0.090 0,392
AC2-40 f121ml 1<0,150 0.242 0.090 0.326
AC2-11 f371m21 <0.150 0.264 0.090 0.356
AC2-36 f221m21 <0.150 0.228 0.090 0,307
AC2-17 f321ml 1 cO,150 0,23 0,090 0.310
AC2-36 f221ml 1<0.150 0,254 0,090 0,342
AC2-40 f121m21 <0.150 0.251 0.090 0,338
AC2-50 f021ml 1<0.1500.265 0.090 0.357
AC2-34 f521m11 <0,1500.766 0.090 1,033

EA elm412 <0.150 12.3 0.090 16,580
AC2-30 f27hn21 <0.150 0.292 0.090 0.394
AC2-39 f421m21 cO.150 0.326 0.090 0.439
AC2-34 f521m21 cO,150 0.27 0,090 0,364
AC2-37 f17hn21 <0.150 0.282 0.090 0.380
AC2-28 f07hn21 <0.150 0.27 0.090 0.364
AC2-39 f421ml 1<0.150 0.269 0.090 0.363

3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2

14
15
16
17
18
19
20
21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16,
171

18
19

AC2-13 f33hn22 <0.1500.145 0.090 0.195
AC2-08 f08hn22 <0.150 0.301 0.090 0.406
AC2-07 f43hn22 <0.150 0.293 0.090 0.395
AC2-27 f481m22 <0.150 0.279 0.090 0.376
AC2-10 fl13hn22 <0.1500.281 0.090 0.379
AC2-55 f231m12 cO.150 0.271 0.090 0.365
AC2-26 f38hn22 <0.150 0.284 0.090 0.383
AC2-46 f28hn22 <0.150 0.276 00090 0.372
ARM f131m12 <0.150 7.45 0.09010.043

AC2-07 f431m12 <0.150 0,295 0.090 0.398
AC2-13 f331m12 <0,150 0.149 0.090 0.201

EA elm323 <0.150 12,6 0.090 16.985
EA elm421 <0.150 12.9 0.090 17.389

AC2-34 f521m12 <0.150 0.725 0.090 0.977
AC2-28 tl171m12 <0,150 0.159 0,090 0.214
AC2-36 f221m22 <0.150 0.144 0.090 0.194
AC2-11 f371m12 cO.150 0.182 0.090 0,245
AC2-12 f471m12 <0,150 0.182 0.090 0.245
AC2-37 f171m12 <0.150 0.142 0.090 0.191
AC2-37 f171m22 <0.1500,153 0.090 0,206
AC2-36 i221m12 <0.150 0.143 0,090 0,193
AC2-11 f37hn22 <0,150 0.159 0,090 0.214
AC2-17 f321m22 <0.150 0.13 0.090 0.175

AC2-30 f271m12 cO.1500.191 0.090 0.257
EA elm422 <0; 150 12.8 0.090 17.254

AC2-34 f52hn22 <0.150 0.181 0.090 0,244
AC2-30 f271m22 cO.150 0.154 0.090 0,208
AC2-28 t?)71m22 <0,150 0.152 0,090 0.205
AC2-39 f42hn22 <0.150 0,202 0.090 0.272
AC2-40 f121m12 <0.150 0.14 0.090 0.189
AC2-39 f42hn22 <0,150 0,136 0.090 0.183

I



Appendix A WSRC-TR-99-O0393
Table A,3: K and Na Measurements (Using Lithium-metaborate Dissolution Method) Revision O
(concentrations are expressed as weight percents)

Block Sequence Glass ID Lab ID K Na KZO NazO Block Sequence Glass ID Lab ID K Na KZO NazO
4-1 20 AC2-30 f271ml 1<0,150 0.312 0.090 0.421 4-2 20 AC2-12 f47hn22 <0.150 0.183 0.090 0.247
4-1
4-1
4-1
4-1
4-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1
5-1

21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

AC2-28 f071ml 1 cO,150 0,274 0.090 0.369
AC2-17 f321m21 <0.150 0,267 0.090 0.360
AC2-12 f471ml 1 <0.150 0.311 0.090 0.419
AC2-37 f171ml 1 cO.150 0,287 0.090 0.387

EA elm413 cO.150 12,6 0.09016.985
EA elm511 <0.150 12.5 0.090 16.850

AC2-41 fl lhn21 <0.150 0.157 0.090 0.212
AC2-49 f411rn21 <0.150 0,164 0.090 0.221
AC2-45 f061ml 1 cO,150 0.144 0.090 0.194
AC2-35 f461ml 1 cO.1500.182 0.090 0.245
AC2-22 f311m21 <0.150 0,136 0.090 0,183
AC2-16 f161ml 1 cO.150 0.182 0.090 0,245
AC2-42 f211ml 1<0,150 0.144 0,090 0.194
AC2-09 f261m21 <0,150 0.178 0.090 0.240
AC2-49 f411ml 1<0.150 0.206 0.090 0,278
AC2-04 f361ml 1<0.150 0.161 0,090 0.217
AC2-04 f361m21 <0.150 0.159 0.090 0,214

EA elm512 <0,150 12.3 0,090 16.580
AC2-16 f161m21 <0,150 0.183 0.090 0.247
AC2-45 f061m2
AC2-21 f5 llm2
AC2-21 f5 llml
AC2-02 follml
AC2-35 f46hn2.
AC2-22 f3 llml

<0.150 0.154 0.090 0.208
<0,150 0.158 0,090 0.213
<0.150 0.208 0.090 0.280
<0.150 0.188 0.090 0.253
<0.150 0.189 0,090 0.255
<0.150 0.147 0.090 0.198

AC2-42 f211m21 <0.1500.727 0.090 0,980
AC2-02 f01hn21 <0.150 0.192 0.090 0.259
AC2-09 f261ml 1<0.150 0.216 0.090 0.291
AC2-41 fl llml 1 cO.150 0,18 0.090 0.243

EA ehn513 <0,150 12.4 0.090 16.715

4-2
4-2
4-2
4-2
4-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2
5-2

21
22
23
24
25
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

124 I

25

AC2-50 tT)21m12<0.150 0.145 0.090 0.195
AC2-17 f321m12 <0.150 0.123 0.090 0.166
AC2-50 f021m22 <0.150 0.137 0.090 0.185
AC2-40 f121m22 <0.150 0,124 0.090 0.167

EA elm423 cO.150 12.8 0.090 17.254
EA elm521 <0.150 12.4 0,090 16.715

AC2-49 f411rn22 <0.150 0.168 0.090 0.226
AC2-21 f511m22 <0.150 0.152 0.090 0.205
AC2-16 f161m12 cO.150 0.168 0.090 0.226
AC2-21 f511m12 <0,150 0.19 0.090 0.256
AC2-22 f311m22 <0.150 0.129 0.090 0.174
AC2-45 f061m12 <0.150 0,141 0,090 0.190
AC2-41 fl llm12 <0.150 0.153 0.090 0.206
AC2-02 fOlhn22 <0.150 0.164 0.090 0.221
AC2-09 f261m22 cO,150 0.166 0.090 0.224
AC2-35 f461m22 <0.150 0.168 0.090 0.226
AC2-49 f411m12 cO.150 0,193 0.090 0.260

EA elm522 <0.150 12.6 0.090 16.985
AC2-35 f461m12 cO.150 0.16 0.090 0.216
AC2-42 f211m12 <0.150 0.127 0.090 0.171
AC2-45 f061m22 cO.150 0.134 0.090 0.181
AC2-04 f361rn22 <0.150 0.139 0.090 0.187
AC2-16 f16hn22 <0,150 0,151 0.090 0.204
AC2-04 f361m12 <0.150 0.142 0.090 0.191
AC2-02 fOllm12 <0,150 0.159 0.090 0.214
AC2-09 f261m12 <0.150 0.187 0.090 0.252
AC2-41 fl 11M22<0.150 0.148 0.090 0.200
AC2-22 f311m12 cO.150 0.118 0.090 0.159
AC2-42 f21hn22 <0.1500.481 0.090 0.648

EA elrn523 <0.150 12 0.090 16.176



Appendix A WSRC-TR-99-O0393
Table A.4: Comptison of Target Versus MMsurd C)xideConcentration Revision O
(concentrations are expressed as weight percents)

Short
Glass ID
O(EA)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

% Rel I % Rel ! % Rel
rarget Mess Diff Target Meas Diff Target Mm Diff

3.700 3.698 0.0%/ 1.30011.183 -1.0%/ 1.120 1.118 -0.1%
11.90012.296
17.000 16.906
11.900 12.702
11.900 12.239
17.00016.878
11.90012.612
17.00017.511
17.00016.798
11.900 12.457
11.90011.965
17.000 17.700
11.900 12.438
17.000 16.859
17.00017.421
11.90011.776
17.00017.199
14.390 14.492
11.900 11.724
11.900 12.669
11.900 11.786
17.00014.474
11.90013.137
17.000 17.020
11.90012.773
17.00018.101
17.00017.979
16.30016.377
17.00016.963
11.900 12.891
17.000 18.300
11.900 12.556
14.430 15.518
14.420 14.502
14.180 16.330
13.930 13.968
13.680 13.987
13.430 13.543
13.180 13.179
12.930 13.359
12.680 13.222
12.440 12.485
16.910 17.431
15.670 15.999
11.940 13.557
14.420 15.324

3.3%
-0.6%
6.7%
2.9%

-0.7%
6.0%
3.0%

-1.270
4.7%
0.5%
4.1%
4.5910

-0.8%
2.570

-1.0%
1.290
0.7%

-1.5Y0
6.5%

-1.09?0
-14.9?70
1O.4$ZO
0.1%
7.3%
6.5%
5.8%
0.5%

-0.2%
8.3%
7.6%
5.5%
7.5%
0.6%

15.29Z0
0.3%
2.270
0.8%
0.0%
3.3%
4.370
0.4%
3.1%
2.1910

13.5%
6.3%

6.500
9.300
9.300
6.500
6.500
9.300
6.500
6.500
6.500

6.263
9.225
8.444
5.876
6.110
9.797
6.239
6.528
6.424

9.300 8.887
6.500 6.392
6.500 6.858
9.300 8.975
9.300 8.549
9.300 9.233
6.500 6.279
7.870 7.840
6.500 5.997
9.300 8.605
6.500 5.748
9.300 8.758
9.300 9.901
6.500 6.126
9.300 9.797
6.500 6.102
6.500 5.723
6.500 6.239
9.300 8.871
9.30010.231
9.300 9.619
6.500 6.408
7.880 7.776
7.850 7.414
7.720 7.655
7.580 7.076
7.450 7.527
7.310 7.309
7.180 7.044
7.040 6.891
6.910 6.746
6.770 6.762
9.210 8.774

8.530 8.299
6.500 7.019
7.850 7.752

-3.770
-0-8%
-9.2%
-9.6%
-6.0%
5.3%

-4.0%
0.4%

-1.2%
-4.470
-1.7Y0
5.5%

-3.5%
-8.1%
-0.7%
-3.4%
-0.490
-7.7?Z0
-7.570

-1 l,6qo
-5.870
6.5%

-5.8%
5.3’%0

-6.1%
-11.990

-4-0%
-4.670
10.0%
3.470

-1.4%
-1.3%
-5.69Z0
-0.s90
-6.7%
1.090
0.0%

-1.9?70
-2.1910
-~.4yo

-o. 1%
-4.7%
-~-7%

8.070
-l.~qo

0.000 0.042
0.000 0.041
0.000 0.037
0.000 0.019
0.000 0.033
0.000 0.032
0.000 0.033
0.000 0.042
0.000 0.029
0.000 0.038
0.000 0.048
0.000 0.042
0.000 0.036
0.000 0.035
0.000 0.029
0.000 0.020
0.000 0.039
0.000 0.037
0.000 0.036
0.000 0.034
0.000 0.019
0.000 0.017
0.000 0.028
0.000 0.028
0.000 0.027
0.000 0.023
0.000 0.032
0.000 0.047
0.000 0.022
0.000 0.026
0.000 0.027
0.000 0.034
0.000 0.027
0.000 0.041
0.000 0.021
0.000 0.047
0.000 0.041
0.000 0.029
0.000 0.046
0.000 0.042
0.000 0.021
0.000 0.022
0.000 0.110
0.000 0.031
0.000 0.030

—.

.-
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Appendix A WSRC-TR-99-O0393
Table A.4 Comparison of Target Versus Measurd Oxide Concentrations Revision O
(concentrations are expressed as weight percents)

.-

A1203 BZ03 CaO
Short To Rel IZO Rel % Rel

G1ass ID
46
47
48
49
50
51
52
53
54
55

100 (ARM)
Min
Avg

Tanzet Meas
13.190 12.811

14.420 14.970

16.910 18.224

15.670 15.881

14.420 15.489

13.180 13.217

16.91016.892

15.670 16.245

11.940 12.466

14.44014.998

5.590 6.311

Diff Target Mess Diff Target Meas Diff
-2.9%] 7.180 6.552 -8.7%[ 0.000 0.027
3.8% 7.850 7.422
7.8% 9.210 9.893
1.3% 8.530 8.356
7.4% 7.850 8.323
0.3% 7.180 6.931

-0.1% 9.210 9.056
3.7% 8.530 8.235
4.4% 6.500 6.383
3.9% 7.860 7.889

12.9% 11.300 12.059
-14.99’0

3.190,

-5.570
7.49io

-2.OYO
6.0%

-3.5%
-1.790
-3.5%
-1.8%
0.4%
%.7%

-11.970
-2.0%

0.000 0.038

0.000 0.026

0.000 0.024

0.001 0.050 4937.1%

0.001 0.032 3083.2%

0.001 0.027 2628.4%

0.001 0.045 4412.4%

0.001 0.032 3083.2%

0.000 0.029

2.230 2.316 3.8%

-0.190

2592.6%
Max 15.2% 10.0%” 4937.1%



Appendix A
Table A.4 Comparison OfTarget Versus Measured C)xide Concentration
(concentrations are expressed as weight percents)

Short
Glass ID
O(EA)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Ce203
% Rel

l’arget Meas Diff
0.000 0.063
8.400 8.858 5.5%
8.400 8.454 0.6~
8.400 9.373 11.6%
3.400 3.622 6.5?l
3.400 3.493 2.7%
3.400 3.684 8.3%
3.400 3.318 -2.4%
8.400 8.498 1.2%
8.400 8.966 6.79i
8.400 8.340 -0.7%
8.400 8.688 3.494
3.400 3.613 6.3?I
3.400 3.362 -1.1%
3.400 3.403 0.1%
3.400 3.309 -2.7$?
3.500 3.458 -1.2%
5.800 5.792 -0.1%
9.700 9.429 -2.8?4
9.700 10.325 6.4%
9.700 9.034 -6.99
9.700 6.111 -37.091
2.500 2.855 14.2%
2.500 2.507 0.3~
2.500 2.673 6.9%
2.500 2.700 8.0~
2.800 2.966 5.99i
9.700 9.546 -1.69?
9.700 9.769 0.7?4
2.500 2.796 11.9%
2.500 2.603 4.19i
2.500 2.618
6.010 6.741
5.590 5.403
5.730 5.373
5.860 5.637
5.990 5.933
6.130 6.111
6.260 6.208
6.390 6.717
6.530 6.527
6.660 6.430
4.260 4.287
4.930 4.987
6.930 6.375

10.87010.899

CrzOJ
% Rel

rarget Meas Diff
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022
0.000 0.022

WSRC-TR-99-O0393
Revision O

Erz03
.- % Rel

rarzet Mess Diff
0.;00 0.601
7.600 7.756 2.0%
3.000 3.053 1.8%
3.000 3.193 6.4%
3.000 3.130 4.3%
3.000 2.956 -1.5%
7.600 8.419 10.8%
7.600 7.681 1.170
3.000 3.096 3.2%
7,600 7.819 2.9%
7.600 7.470 -1.7%
3.000 3.156 5.2%
3.300 3.625 9.8%
3.000 3.036 1.270
7.600 7.324 -3.6To–
3.000 2.979 -0.79’0
7.600 7.830 3.070
5.240 5.272 0.6%
2.300 2.173 -5.590
8.800 8.959 1.8%
2.300 2.213 -3.8Y0
2.300 5.429 136.0%
2.300 2.596 12.990
2.300 2.341 1.870
3.400 3.714 9.2%
8.800 9-205 4.6%
8.800 8.871 0.8%
2.300 2.307 0.3%
8.100 8.079 -0.3%
8.800 9.617 9.370
2.300 2.410 4.8%
8.800 9.134 3.8%
5.460 5.843 7.0%
5.070 4.846 -4.4%
5.190 4.685 -9.7910
5.320 5.163 -3.0%
5.440 5.509 1.3%
5.560 5.755 3.5%
5.680 5.775 1.770
5.800 5.932 2.3T0
5.920 6.203 4.8%
6.040 6.146 1.890
3.870 3.994 3.2%
4.470 4.477 0.2%
6.280 5.898 -6.1%
5.070 5.071 0.0%

.-
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Appendix A WSRC-TR-99-O0393
Table A.4: Comparison of Target Versus Measured Oxide Concentrations Revision O
(concentrations are expressed as weight percents)

Short
Glass ID

46
47
48
49
50
51
52
53
54
55
100

(ARM)
Min
Avg
Max

Ce203
VoRel

rarget Meas Diff
6.260 7.127
5.590 5.915
4.260 4.521
4.930 5.391
5.590 5.994
6.260 6.419
4.260 0.246
4.930 4.858
6.930 6.881

11.200 11.672
1.440 1.397 -3.0%

-37.0%
1.7%

Cr20J ~Erz03
% Rel ~ % Rel

rarget Mess Diff \Target Mess Diff
0.000 0.022 ~ 5.680 6.687 17.7%
0.000 0.022 ~ 5.070 5.126 1.170
0.000 0.022 ~ 3.870 4.111 6.2%
0.000 0.022 \ 4.470 4.314 -3.570
0.007 0.022 213.2%! 5.070 5.512 8.7%
0.007 0.022 213.2%1 5.680 5.606 -1.390
0.007 0.022 213.2%” 3.870 4.025 4.0$70
0.007 0.022 213.2%: 4.470 4.382 -2.0%
0.007 0.022 213.2%1 6.280 6.083 -3.1%
0.000 0.022 i 5.080 5.243 3.2%
0.000 0.022 j 0.000 3.376

213.2Yo~ -9.7%
213.2%1 4.6%

14.2%” 213.2Yo” 136.0%

—-



Appendix A
Table A.4: Comparison of Target Versus Measured C)xide Concentrations
(concentrations are expressed as weight percents)

WSRC-TR-99-O0393
Revision O

----

Short
Glass 1~
O(EA)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16’
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

EUZ03 Fe203 LGdzOJ
% Rel %Rel: ‘- % Rel

l’arget Meas Diff [Target Mess Diff
0.000 0.058 [ 7.3809.072 22.9%
0.500 0.482
0.500 0.526
1.300 1.334
0.500 0.518
1.300 1.265
0.500 0.613
1.300 1.236
1.300 1.282
1.300 1.314
0.500 0.483
0.500 0.541
0.500 0.619
0.500 0.527
1.300 1.265
1.300 1.248
0.500 0.567
0.900 0.926
1.500 1.499
0.300 0.267
1.500 1.398
0.300 0.319
1.500 1.656
0.300 0.334
0.300 0.433
1.500 1.528
1.500 1.476
0.300 0.330
1.500 1.453
0.300 0.430
1.500 1.578
0.300 0.311
0.900 0.914
0.810 0.787
0.830 0.751
0.850 0.822
0.870 0.811
0.890 0.918
0.910 0.937
0.930 0.938
0.950 0.992
0.970 0.936
0.620 0.623
0.720 0.714
1.010 0.949

-3.5%1
5.2%
2.7%
3.6%

-2.7Y0
22.5%
-4.970
-1.4%
1.1%

-3.4%
8.1%

23.7%
5.3%

-2.7Y0
-4.070
13.370
2.9%
0.0%

-11.0%
-6.8%
6.4%

10.4%
11.470
44.3T0

1.9%
-1.6%
10.1%
-3.1%
43.4%

5.2%
3.7%
1.6%

-2.8%
-9.6%
-3.2%
-6.7%
3.1%
3.0%
0.8%
4.5%

-3.5%
0.5%

-0.9%
-6.0%1

0.000 0.063
0.000 0.031
0.000 0.023
0.000 0.060
0.000 0.048
0.000 0.014
0.000 0.024
0.000 0.036
0.000 0.031
0.000 0.022
0.000 0.047
0.000 0.041
0.000 0.058
0.000 0.035
0.000 0.050
0.000 0.028
0.000 0.024
0.000 0.020
0.000 0.027
0.000 0.026
0.000 0.035
0.000 0.028
0.000 0.014
0.000 0.014
0.000 0.030
0.000 0.071
0.000 0.024
0.000 0.037
0.000 0.035
0.000 0.023
0.000 0.030
0.000 0.034
0.000 0.026
0.000 0.025
0.000 0.031
0.000 0.025
0.000 0.024
0.000 0.033
0.000 0.034
0.000 0.024
0.000 0.026
0.000 0.027
0.000 0.018
0.000 0.038

l’arget Meas
0.000 0.058
1.100 1.183
2.800 2.954
1.100 1.253
2.800 3.000
2.800 2-890
1.100 1.221
1.100 1.055
1.100 124.4
2.800 2-939
2.800 2.752
1.100 1X)94
1.100 1.228
1.100 1.134
1.100 1.056
2.800 2.798
2.800 2.792
1.940 1.977
0.800 0-898
0.800 0.914
3.200 3-118
3.200 1.995
3.200 3.484
0.800 0.707
3.200 3.389
3.200 3.409
0.800 0.776
3.200 3.334
3.200 3.305
0.800 0.905
0.800 0.721
3.200 3.279
1.980 2.213
1.830 1.818
1.870 1-795
1.920 1.876
1.960 1.890
2.010 24392
2.050 2.031
2.090 2.138
2.140 2.141
2.180 2.141
1.400 1.331
1.610 1.605
2.270 2.008

Diff

7.570
5.5%

14.0%
7.l%
3.2%

11.0%
-4.090
13.1%
5.0%

-1.79Z0
-0.5%
11.6%
3.1%

-4.070 ‘-
-0.1%
-0.39?0
1.9%

12.3?io
14.3?J0
-2.6Y0

-37.7%
8.9%

-11.7970
5.9%
6.5%

-3.0%
4.2~o
3.3%

13.170
-9.9%
2.5%

11.870
-0,670
-4.070
-2.3Y0
-3.6%
4.170

-0.9%
2.3%
0.0%

-1.870
-4.970
-0.3%

-11.5%

. ‘ ~ —.-r~,-=,- ,2... -~ .-~.~- --h.,...- .,- - -:- . .
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Appendix A WSRC-TR-99-O0393
Table A.4: Comparison of Target Versus Measured Oxide Concentrations Revision O
(concentrations are expressed as weight percents)

EUZ03 FezOJ
Short Y. Rel ToRel

Gk.s ID ITarget Meas Diff ITarget Meas
45 [ 0.690 0.650 -5.9%1 0.000 0.028
46
47
48
49
50
51
52
53
54
55
100

(ARM)
Min
Avg
Max

0.910 1.009
0.810 0.808
0.620 0.703
0.720 0.740
0.810 0.905
0.910 0.925
0.620 0.650
0.720 0.710
1.010 1.018
0.820 0.813
0.000 0.058

10.9%

-o.2~o
13.4%

2.8%

11.8%

1.6%

4.970

-1.5%

0.8%

-0.8%

-11.0901

3.6%
44.3%

0.000 0.036
0.000 0.025
0.000 0.043
0.000 0.031
0.044 0.076
0.044 0.079
0.044 0.085
0.044 0.082
0.044 0.076
0.000 0.014
0.000 0.033

Diff

72.2%
78.7%
93.3%
86.8%
72.2%

22.9%
71.0%
93.3%

..—

Gdz03
% Rel

Target Meas Diff
1.540-1:547 0.5%
2.050 2.302 12.3%
1.830 1.931 5.5%
1.400 1.472 5.2%
1.610 1.686 4.770
1.830 1.980 8.2%
2.050 2.135 4.2910
1.400 1.481 5.890
1.610 1.513 -6.O’ZO
2.270 2.285 0.7%
1.830 1.948 6.4%
0.000 0.058

-37.770
2.1%

14.3%
—.
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Appendix A WSRC-TR-99-O0393
Table A.4: Comparison of Target Versus Measur~ Oxide Concentrations Revision O
(concentrations are expressed as weight percents)

...- .

Short
Glass ID
O(EA)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

% Rel
rarget Meas Diff

0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090.
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0,090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090
0.000 0.090

Laz03 MnO
% Rel ‘- Yo Rel

Target Meas Diff [Target Meas Diff
0.420 0.424 1.0%1 1.340 3.065 128.8%

23.00023.837
23.00023.691
23.00025.157
23.00025.450
23.00022.870
23.00023.661
23.00022.166
18.40018.208
18.40019.732
18.40018.325
18.40019.381
18.40019.820
18.400 18.530
18.40017.739
18.40017.973
18.400 18.530
20.64020.553
17.000 16.566
24.00024.717
24.00023.075
24.00020.407
24.00025.655
24.00023.808
24.00025.274
24.00025.567
24.00024.717
16.80017.035
16.80016.830
16.80018.354
16.800 17.709
16.800 17.768
20.31022.488
20.98020.172
20.88021.755
20.79020.348
20.69020.201
20.60021.110
20.50020.729
20.41021.257
20.31021.110
20.22020.348
21.94022.049
21.46021.697
20.02020.641
19.88020.026

3.6%
3.0%
9.4%

10.7%
-0.6%
2.9%

-3.6%
-1.0%
7.2%

-0.4%
5.3%
7.7%
0.7%

-3.6%
-2.3%
0.7%

-0.4%
-2.6Y0
3.0%

-3.970
-15.090

6.9%
-0.8%
5.3%
6.5%
3.0%
1.4%
0.2%
9.3%
5.4%
5.8%

10.7%
-3.9%
4.2%

-2. 1%
-2.4%
2.5%
1.1%
4.1%
3.9%
0.6%
0.5%
1.1%
3.1%
0.7%

0.0000.041
0.0000.008
0.0000.040
0.0000.008
0.0000.015
0-0000.023
0.0000.023
0.0000.023
0.0000.008
0.0000.023
0.0000.010
0.0000.008
0.0000.024
0.0000.041 ‘-
0.0000.042
0.0000.008
0.0000.008
0.0000.015
0.0000.041
0.0000.039
0.0000.008 ‘
0.0000.008
0.0000.015
0.0000.015
0.0000.015
0.0000.023
0.0000.023
0.0000.009
0.0000.015
0.0000.023
0.0000.015
0.0000.015
0.0000.015
0.0000.008
0.0000.008
0.0000.008
0.0000.008
0.0000.040
0.0000.009
0.0000.008
0.0000.008
0.0000.008
0.0000.015
0.0000.042
0.0000.008

.-- —-—..---— — ... .——. . .—.. . .- —- .——.. -. ... ....----- ..— —— .— —-- ,. –-. . . . .



Appendix A WSRC-TR-99-00393
Table A.4: Comparison of Target Versus Measured Oxide Concentrations Revision O
(concentrations are expressed as weight percents)

KzO LazOJ MnO
Short % Rel % Rel % Rel

Glass ID Target Mess Diff Target Meas Diff Target Mess Diff
46 I 0.000 0.090 I 20.50020.759 1.3%1 0.0000.023
47 0.000 0.090 20.98021.667 3.370 0.0000.015
48 0.000 0.090 21.94022.840 4.1 ~0 0.0000.039
49 0.000 0.090 21.46020.377 -5.0% 0.0000.008
50 0.002 0.0904417.370 20.98022.019 5.0% 0.0020.011 447.1%
51 0.002 0.090 4417.3% 20.50020.143 -1.770 0.0020.044 2088.4%
52 0.002 0.090 4417.3% 21.94021.843 -0.4% 0.0020.046 2197.8%
53 0.002 0.090 4417.3’%0 21.46020.788 -3.lYo 0.0020.012 483.6%
54 0.002 0.090 4417.3% 20.020 19.322 -3.570 0.0020.015 629.57.
55 0.000 0.090 21.00022.254 6.0% 0.0000.023

100 0.000 0.090 0.000 0.070 0.000 0.036
(ARM)

Min 4417.3% -15.070 128.890
Avg I 4417.3% 1.770 995.8%
Max 4417.3%1 10.79IO 2197.8%



Appendix A
Table A.4: Comptison of T~get Versus Measured Oxide Concentrations
(concentrations are expressed as weight percents)

Short
Glass ID
O(EA)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

NazO
VO Rel

l’ar~et Meas Diff
16.~00 16.863 0.4%
0.000 0.237
0.000 0.237
0.000 0.230
0.000 0.203
0.000 0.274
0.000 0.328
0.000 0.343
0.000 0.341
0.000 0.252
0.000 0.336
0.000 0.294
0.000 0.326
0.000 0.198
0.000 0.257
0.000 0.261
0.000 0.231
0.000 0.253
0.000 0.233
0.000 0.177
0.000 0.246
0.000 0.239
0.000 0.179
0.000 0.211
0.000 0.245
0.000 0.248
0.000 0.310
0.000 0.324
0.000 0.288
0.000 0.280
0.000 0.346
0.000 0.278
0.000 0.222
0.000 0.245
0.000 0.654
0.000 0.236
0.000 0.259
0.000 0.291
0.000 0.225
0.000 0.314
0.000 0.255
0.000 0.215
0.000 0.498
0.000 0.204
0.000 0.256
0.000 .0.193

dz03
VO Rel

ar~et Meas Diff
0.000 0.058
8.400 8.649
9.200 8.990
9.00019.304
8.50018.371
0.20010.206
7.80018.546
0.90010.480
8.400 8.459
3.300 13.239
8.400 8.095
9.70019.741
0.70021.228
0.70010.206
4.500 14.259
0.70018.925
0.70019.770
3.61012.860
4.20023.415
6.300 6.296
3.400 12.918
8.10012.271
6.300 7.057
8.50017.350
4.20023.882
0.400 10.486
6.300 6.255
6.300 6.296
6.300 6.342
7.800 18.312
1.80021.987
1.40021.112
2.98013.035
3.94013.122
4.270 12.078 -
4.60013.705
4.930 14.143
5.260 14.347
5.59014.930
5.930 15.601
6.26016.155
6.59015.426
0.620 10.331
~.280 11.967

7.250 14.988 -
1.550 11.177

3.0%
-2.3%
1.6%

-0.7%
0.1%
4.2%

-3.9%
0.7%

-0.5%
-3.6%
0.2%
2.6%

-4.6%
-1.7%
-8.6%
-4.5%
-5.5%
-3.2%
-0.1%
-3.6%
51.5%
12.0%
-6.2%
-1.3%
0.8%

-0.7%
-0.1%
0.7%
2.9%
0.9%

-1.3%
0.4%

-5.9%
.15.4%
-6.1%
-5.3%
-6.0%
-4.2%
-2.1%
-0.6%
-7.0%
-2.7%
-2.5%

13.1%
-3.2%

WSRC-TR-99-00393
Revision O

Nlo.-
% Rel

Target Meas DitY
0.570 0.582 2.19io
0000 0.038
0.000 0.038
0.000 0.166
0.000 0.038
0.000 ~0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038 —
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.038
0.000 0.166

, - ,. ..,-, .-.,,-,-’- - ,=- ,->- ?-%-7- -..=,>= , . ,. .- .....rr .-:7: --- r ,.-r’T- - .,. ~h-~



Appendix A WSRC-TR-99-O0393
Table A.4: Comparison of Target Versus Measured Oxide Concentrations Revision O
(ccmcentrations are expressed as weight percents)

NazO Nd203 NIO
Short V. Rel 9’. Rel V. Rel

Glass ID Target Meas Diff Target Meas Diff Target Mess Diff
46 I 0.000 0.299 \ 15.60017.292 10.8%! 0.000 0.038
47
48
49
50
51
52
53
54
55

100
(ARM)

Min
Avg
Max

0.000
0.000
0.000
0.005
0.005
0.005
0.005
0.005
0.000

9.670

0.224 i 13.94013.705
0.197 ; 10.620 10.906

0.246 ~ 12.280 12.626

0.266 5217.9% 13.940 14.376

0.323 6350.2% 15.590 15.338

0.218 4267.5%! 10.62011.002

0.320 6296.3%1 12.28011.705

0.260 5103.3% I 17.25016.913

0.294 8.350 8.351

9.911 2.5% 5.960 6.039

-1.7Yo~

2.7%

2.8Yo~

3.190

-1.690

3.6%!

-4.7%

-2.0%

0.070

1.3%

0.000 0.038
0.000 0.038
0.000 0.038
0.002 0.166 8187.2%
0.002 0.038 1808.8%
0.002 0.038 1808.870
0.oo2 0.038 1808.8%
0.002 0.038 1808.8%
0.000 0.038
0.000 0.166

o.4%~ -15.4901 2.1%
3891.1%1 -0.5%1 2570.7%
6350.2% 51.5% 8187.2%

—.



Appendix A WSRC-TR-99-O0393
Table A.4: Comparison of Target Versus Measured Oxide Concentrations Revision O
(concentrations are expressd as weight percents)

Short
Glass ID
O(EA)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

PrzOs SiOz SmzOJ
% Rel %Rel ‘- VO Rel

rarget Meas Diff ITarget Meas
0.000 0.061 I 48.73048.571
7.300 7.815
7.300 7.554
2.900 3.929
7.300 6.993
2.900 3.008
2.900 3.291
2.900 3.028
7.300 7.232
7.300 7.943
2.900 3.724
2.900 3.970
7.300 6.981
7.300 6.606
7.300 6.685
2.900 2.902
2.900 3.139
5.040 5.179
2.200 3.201
2.500 3.742
8.500 8.321
2.200 5.378
8.300 8.087
8.500 7.388
2.200 2.560
2.200 2.490
2.200 2.496
8.500 8.558
8.500 8.684
8.500 8.447
2.200 2.469
2.200 2.466
5.280 5.694
4.890 4.822
5.010 4.725
5.120 4.953
5.240 5.258
5.350 5.486
5.470 5.641
5.590 6.036
5.700 6.244
5.820 5.857
3.720 3.871
4.310 4.354
6.050 5.734
4.070 5.038

7.1% 21.90022.463

3.5% 16.10016.649

35.5% 16.10017.382

-4.2% 16.100 16.767

3.7% 22.90022.463

13.5% 16.100 17.093

4.4% 22.90024.014

-0.9% 21.60023.324

8.8% 16.100 16.558

28.4% 22.80022,837

36.9% 16.10017.291

-4.4% 22.90024,976

-9.5% 22.90023.051

-8.4% 16.10015.842

0.1% 22.90023.372

8.3% 16.100 16.216

2.7% 19.41019.954

45.5% 16.100 15.927

49.7% 22.90023.746

-2.1% 16.100 15.788

144.4% 16.100 15.847

-2.6% 22.90025.083

-13.1% 16.100 16.307

16.4% 16.1OQ 17.088

13.2% 16.1(X) 17.093

13.4% 22.90024.281

0.7% 22.90023.479

2.2% 16.100 16.114

-0.6% 16.10017.478

12.2?lo 22.90024.067

12.1% 22.90023.586

7.8% 19.43021.072

-1.4% 19.530 19.446

-5.7% 19.2(XI 21.430

-3.3% 18.860 18.671

0.3% 18.52019.002

2.5% 18.190 18.596

3.1% 17.85017.922

8.0% 17.510 17.772

9.5% 17.18018.008

0.6% 16.840 16.719

4.1% 22.90023.318

1.0% 21.22021.243

-5.2% 16.170 18.216

23.8% 19.53020.650

Diff ITarpet Meas Diff
-0.3% 0.000 0.061
2.69Z0 2.000 2.006 0.39io
3.470 2.000 1.922 -3.970
8.0% 2.000 1.815 -9.3%
4.170 5.000 4.607 -7.9?io

-1.9% 5.000 4.691 -6.2%
6.2% 5.000 5.047 0.9%
4.9% 2.000 1.974 -1.3%
8.0% 5.000 4.836 -3.3%
2.89io 5.000 5.149 3.090
0.2% 5.000 4.995 -0.1%
7.4% 5.000 5.363 7.3%
9.170 2.000 2.047 2.3%
0.7% 5.000 4.722 -5.6%

-1.670 2.000 1.948 -2.6%
2.1% 2.000 1.937 -3.29?0
0.7?Z0 2.000 1.855 -7.2?io
2.870 3.470 3.377 -2.7910

-1.1% 5.800 5.514 -4.9%
3.770 1.500 1.316 -12.370

-1.970 1.500 1.392 -7.270
-1.6~o 5.800 5.520 -4.870
9.5% 5.800 6.520 12.4%
1.3% 1.500 1.478 -1.470
6.1% 1.500 1.580 5.3%
6.29Z0 5.800 5.549 -4.3qo
6.090 5.800 5.728 -1.2%
2.5% 5.800 5.615 -3.2%
0.1% 1.500 1.481 -1.2%
8.6% 5.800 5.230 -9.8%
5.190 1.500 1.629 8.670
3.0% 1.500 1.534 2.2910
8.5V0 3.640 3.499 -3.970

-0.490 3.310 3.247 -1.990
11.670 3.380 2.412 -28.6%
-1.070 3.460 3.421 -1.1%
2.6% 3.540 3.386 -4.3%
2.2% 3.620 3.545 -2. lyo
0.470 3.700 3.630 -1 .99?0
1.5% 3.780 3.893 3.0%
4.870 3.860 3.943 2. lyo

-0.770 3.940 3.772 -4.370
1.8% 2.520 2.557 1.570
0.l% 2.910 2.899 -0.470

12.7$Z0 4.090 3.812 -6.8V0
5.7% 2.760 2.812 1.9%



Appendix A WSRC-TR-99-00393
Table A.4 Comparison of Target Versus Measurd oxide Concentrations Revision O
(concentrations are expressed as weight percents)

Prz03 SiOz j Sm203
Short % Rel % Rel j % Rel

Glass ID
-46

47
48
49
50
51
52
53
54
55

100
(ARM)

Min
Avg

Target Mess Diff ITarget M=
5.470 6.533 19.4%1 17.850 16.943
4.890 5.293
3.720 4.070
4.310 4.509
4.890 5.351
5.470 5.682
3.720 3.347
4.310 4.348
6.050 5.849
4.890 6.103
0.000 0.176

8.2% 19.530 19.698
9.4% 22.90023.907
4.6?lo 21.22021.061
9.4% 19.53021.270
3.9% 17.850 17.959

-10.0% 22.90023.265
0.9% 21.22021.340

-3.3% 16.17016.478
24.8% 19.55020.088

46.50046.316

-13.1%

9.69Z0

Diff ~Target Meas
-5.1%! 3.700 4.175
0.9%! 3.310 3.441
4.4%1 2.520 2.792

-0.7%! 2.910 2.853
8.9%! 3.310 3.511
0.6%~ 3.700 3.577
1.6%1 2.520 2.418
0.6%~ 2.910 2.722
1.9%1 4.090 3.777
2.8%1 3.310 3.487

-0.4%1 0.000 0.099
I

Diff
12.8%
4.0%

10.8%
-2.O?ZO
6.1%

-3.3~o
-4.190
-6.5%
-7.6%
5.4%

-5.1%1 -28.6Y0
3.070~ -1.7%

.----

Max 144.470” 12.7Yo” 12.8%

—.



Appendix A
Table A.4 Comparison of Target Versus Measured Oxide Concentrations
(concentrations are expressed as weight percents)

WSRC-TR-99-O0393
Revision O

Short
Glass ID
O(EA)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

...- -

SrO Sum of Oxides Total Lanthanides
Y. Rel

--
% Rel.

rarget Meas Diff Target Meas Target Meas Diff.
0.0000.022 91.36 95.67 0.420 1.384 229.6%
1.400 1.431 2.2% 100.00 103.57 58.300 60.585 3.9%
1.400 1.416 1.2% 100.00 101.81 56.200 57.143 1.7%
2.000 2.049 2.4% 100.00 106.54 60.700 65.359 7.796 .
2.000 2.028 1.4% 100.00 103.04 63.500 65.690 3.4%
2.000 2.043 2.1 % 100.00 99.39 51.600 51.378 -0.4%
1.400 1.422 1.6% 100.00105.95 61.300 64.482 5.2%
1.400 1.449 3.5% 100.00 100.72 52.200 50.939 -2.4Y0
2.000 2,040 2.0% 100.00 102.14 52-900 52.855 -o. 1%
1.400 1.437 2.6% 100.00 104.45 64.100 67.101 4.770
2.000 2.067 3.3% 100.00 100.51 54.000 54.184 0.3%
1.400 1.393 -0.5% 100.00 105.26 59.000 61.935 5.0%
2.000 1.996 -0.2% 100.00 106.00 56-700 59.161 4.3%
1.400 1.437 2.6% 100.00 98.91 49.400 48.123 -2.69Z0
2.000 2.052 2.6% 100.00 98.06 55.600 53.679 -3.5% ‘-
1.400 1.431 2.2% 100.00 98.42 54.500 52.070 -4.570
2.000 2.049 2.4% 100.00 100.12 58.400 57.942 -0.8~o
1.700 1.715 0.9% 100.01 100.41 56-640 55.935 -1.2%
2.000 2.117 5.8% 100.00 98.92 63.500 62.695 -1.3%
2.000 2.108 5.4% 100.00 104.10 53.900 56.536 4.9%
1.400 1.422 1.6% 100.00 96.71 64.100 61.467 -4.l~o
2.000 2.013 0.7% 100.00 98.97 55.600 57.428 3.3%
2.000 1.928 -3.6% 100.00 108.34 53.900 57.909 7.470
2.000 2.049 2.4% 100.00 97.83 58.400 55.913 -4.3%
1.400 1.440 2.8$Z0
2.000 2.013 0.7%
1.400 1.452 3.7%-0
1.400 1.443 3.1%
2.000 1.990 -0.590
1.400 1.425 1.890

00,00 105.05 61.300 63.504 3.6%
00.00104.71 58.400 60.934 4.370
00.00 103.30 52.200 53.285 2.19’0
00.00 lol.~1 52.900 53.021 0.2%
00.00 100.41 55.600 55.943 0.6%
00.00 106.62 61.300 64.091 4.6%

1.400 1.419
2.000 2.075
1.700 1.741
1.690 1.735
1.660 1.836
1.630 1.659
1.600 1.635
1.570 1.608
1.540 1.594
1.510 1.493
1.480 1.446
1.460 1.484
1.980 2.028
1.830 1.886
1.400 1.588
1.690 1.697

1.4% 100.00 105.08 49.400 51.106
3.8% 100.00 103.35 56.700 58.222
2.4% 100.00 106.99 56.560 60.427
2.7% 99.91 97.78 56.420 54.216

10.6% 99.92 101.71 57.160 53.575
1.8% 99.92 97.75 57.920 55.925
2.2% 99.91 99.77 58-660 57.131
2.49io 99.92 100.93 59.420 59.364
3.5% 99.91 100.10 60.160 59.881

-1.170 99.91 102.58 60.920 62.512

-2.3% 99.92 103.22 61.670 63.315

1.7% 99.93 98.93 62.420 61.056

2.4% 99.95 101.30 48.950 49.043

3.1% 99.94 100.62 52.690 52.699

13.4% 99.91 101.30 63.900 60.406

0.4% 99.92 103.18 56.430 57.220

3.5%
2.79io
6.8%

-3.9%
-6.3%
-3.470
-2.6Y0
-0.170
-0.570
2.6%
2.7%

-2.270
0.2%
0.0%

-5.5?40
1.4%

-..



Appendix A WSRC-TR-99-O0393
Table A.4: Comparison of Target Versus Measured Oxide Concentrations Revision O
(concentrations are expressed as weight percents)

SrO Sum of Oxides Total Lanthanides
Short 9Z0Rel T. Rel.

Glass ID Target Meas Diff Target Meas Target Meas Diff.
46 1.540 1.440 -6.5%[ 99.93 104.16 I 60.170 65.~84 9.5%
47 1.690 1.756 3.9% 99.91 102.18 56.420 57.886 2.6%
48 1.980 2.028 2.4% 99.95 105.92 48.950 51.415 5.0%
49 1.830 1.842 0.7% 99.94 100.10 52.690 52.495 -0.490
50 1.690 1.706 0.9% 99.97 107.12 56.420 59.648 5.7%
51 1.540 1.564 1.6% 99.97 100.12 60.160 59.825 -0.670
52 1.980 2.105 6.3% 100.01 96.86 48.950 45.013 -8.0%
53 1.830 1.818 -0.6% 100.00 99.27 52.690 51.025 -3.2~o
54 1.400 1.428 2.0% 99.97 99.42 63.900 62.129 -2.8%
55 1.690 1.715 1.5% 100.02 105.07 56.480 59.872 6.0%
100 0.450 0.492 9.3% 83.14 89.02 7.400 11.273 52.3%

(ARM)
Min -6.5% -8.090
Avg 2.2% 5.9%
Max 13.4% 229.6’%0

—.



Appendix A *
Exhibit A. 1: Oxide Concentrations Measured Using Lithium-metaborate Dissolution by Glass Number

(0-EA and 1OO-ARM)

WSRC-TR-99-O0393
Revision O

CaO By Glass#



Appendix A
Exhibit A. 1: Oxide Concentrations Measured Using Lithium-metaborate Dissolution by Glass Number

(0-EA and 100-ARM)

WSRC-TR-99-O0393
Revision O

Fez03By Glass #
lb

MnO By Glass #
1

1.000

J
I I 1 1 1 I 1 1 4 I 1 I I 1 1 1 1 1 1 I i I i , 1 1 i I I I 1 I I t 1 I o 1 1 I I i 1 , I , i 1 [ , 1 I I I 1
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Appendix A ,
Exhibit Al: Oxide Concentrations Measured Using Lithium-metaborate Dissolution by Glass Number

(0-EA and 1OO-ARM)
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Revision O
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WSRC-TR-99-O0393
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Appendix A ,
Exhibit A.2: Oxide Concentrations Measured Using Peroxide Fusion Dissolution by Glass Number

(0-EA and 1OO-AR?VQ

La203 By Glass#
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Appendix A
Exhibit A.3: K20 and Na20 Concentrations Measured Using Lithium-metaborate Dissolution by Glass Number

WSRC-TR-99-O0393
Revision O

(0-EA and 1OO-ARM)

K20 By Glass#
0.1$

015

c OID -
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Appendix A WSRC-TR-99-O0393
Exhibit A4: Elemental Concentration Measurements in Wt% for the Rare Earth Solution Standard Revision O

....

Al By Block—Reference Value is 10 wt%
12,0

11,5

11,0

10.5

q 10,0

9.5

9.0

8.5

8,0
1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 8-2

Hluk

Source DF
Model 15
Error 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

10.787500
1.762100

12.549600

Means for Oneway Anova
Number Mean

2 10.0800
2 8.6600
2 10.3500
2 10.4000
2 10.1350
2 11.0500
2 10.8500
2 10.2000
2 10.6000
2 9.9500
2 10.1000
2 10.0550
2 10.8000
2 11.2000
2 9.7100
~ 10.1000

--

0.859589
0.727954

0.33186
10.265

32

Mean Square
0.719167
0.110131
0.404826

Std Error
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466
0.23466.
0.23466

Std Error uses a pooled estimate of error variance

F Ratio
6.5301

Prob>F
0.0003

.. ,y,~.-,,.... . :’ , ‘ =,-,---.2$”:. ~-.. - --- - - -- .- ,, .>. - ,rYTr- — -?--- ,-X ..
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Exhibit A4: Elemental Concentration Measurements in Wt% for the Rare Earth Solution Standard Revision O

B By Block—Reference Value is 3 wt%
3.8

3.6

3.4

~ 3.2

3.0

2.6

2.6
1-1 1-2 2-1’ 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 8-2

llllxk

Source DF
Model 15
Error 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

0.9827719
0.2293500
1.2121219

Means for Oneway Anova
Number Mean

2 2.84500
2 3.02000
2 3.05500
2 3.05500
2 3.01500
2 3.21500
2 3.13000
2 3.10500
2 2.79000
2 2.91500
2 2.80000
2 3.07500
2 3.33500
2 3.47500
2 3.03000
2 3.04500

—-

0.810786
0.633399
0.119726
3.056563

32

Mean Square
0.065518
0.014334
0.039101

Std Error
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466
0.08466

F Ratio
4.5707

Prob>F
0.0022

Std Error uses a pooled estimate of error variance



Appendix A WSRC-TR-99-O0393
Exhibit A4: Elemental con~n~ation Measurements in Wt% for the Rare Earth Solution Standard Revision O

..—

Ce By Block—Reference Value is 5 wt%

1-1 1-2 2-1 2-2 3-1 3-2 4-1 “ 4-2 5-1 5-2 6-1 6-2 7-1 1-2 8-1 8-2

Hlcck

Source
Model
Error
C Total

.

Oneway Anova
Summary of Fit

—-

RSquare 0.786257
RSquare Adj 0.585873
Root Mean Square Error 0.199319
Mean of Response 5.079687
Observations (or Sum Wgts) 32

Analysis of Variance
DF Sum of Squares Mean Square
15 2.3382469 0.155883
16 0.6356500 0.039728
31 2.9738969 0.095932

Level
1-1
1-2

, 2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Means for Oneway Anova
Number Mean

2 5.17500
2 4.54500
2 5.17000
2 5.31500
2 4.760Q0
2 5.20500
2 5.09500
2 5.15000
2 5.40500
2 4.96000
2 4.75500
2 5.07500
2 5.33000
2 5.61500
2 4.95000
2 4.77000

Std Error “
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094
0.14094

F Ratio
3.9237

Prob>F
0.0050

Std Error uses a pooled estimate of error variance



Appendix A WSRC-TR-99-O0393
Exhibit A4: Elemental CcmcentratiOn Memurements in wt~~ for fie Rme Eafi SOIuticmStandard Revision O

..—

Er By Block—Reference Value is 4 wtYo

5.00

4.15

4.5D

~ 4.25

4.DD

3.15

3.5D

*FJ300”..
m

.

A A . * ~~
/

‘ ‘OQQ

.*
m

.

e“

.

I i 1 I I 1 [ 1 I 1 I I
1-1 1 ?-1 ?-2 3-1 3-2 4-1 4-2 5-1 5-2 ~-l 6-2 1-1 1-2 8-1 8-2

Eld

Source DF
Model 15
Error 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

2.3072875
0.2683000
2.5755875

Means for Oneway Anova
Number Mean

2 4.01500
2 3.57000
2 4.05000
2 4.00000
2 4.01000
2 4.18000
2 4.42500
2 4.26500
2 4.26000
2 3.90000
2 3.98500
2 4.02000
2 4.34000
2 4.81000
2 3.85500
2 4.14500

—.

0.89583
0.79817

0.129494
4.114375

32

Mean Square
0.153819
0.016769
0.083083

Std Error
0.09157
0.0!3157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157
0.09157

F Ratio
9.1730

Prob>F
<.0001

Std Error uses a pooled estimate of error variance



Appendix A WSRC-TR-99-O0393
‘,.,

Exhibit A4 Elemental Conmntration Memurements in Wt% for the Rme Eti Solution Standard Revision O ,$

... . . .-

Eu Bv Block—Reference Value is 1 wt%
1.4

1.3

1.2

~ 1,1

I,D

D.9

0.8

--

e.
a

- ‘ev

I I I 1 I 1 I 1 I 1 I I I I 1

1-1 ?-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 I-2

Bld

Source
Model
Error
C Total

DF
15
16
31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

0.14850372
0.01884150
0.16734522

Means for Oneway Anova
Number Mean

2 0.98550
2 0.90800
2 1.01000
2 1.04000
2 1.01600
2 1.00100
2 1.03500
2 1.05500
2 1.06000
2 0.98600
2 0.99950
2 0.96150
2 1.05500
2 1.24000
2 0.98700
2 1.05500

—-

0.887409
0.781856
0.034316
1.024656

32

Mean Square
0.009900
0.001178
0.005398

Std Error
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427
0.02427

F Ratio
8.4072

Prob>F
<.0001

Std Error uses a pooled estimate of error variance

..--.. .. /.. .,,.,- - —? -..,. . .. . ..... ... . .-, .--.-, . .. . . -- ,----
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Appendix A WSRC-TR-99-O0393
Exhibit A4: Elemental Concentration Measurements in Wt% for the Rare Earth Solution Standard Revision O

Gd By Block—Reference Value is 2 wt%t
2.5

2.4

2.3

2.2

~ 2.1

2.0

1.9

1.8

()./%” A A

1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 1-2 8-1 8-2

Elai

Source DF
Model 15
Error 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7- I
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

0.35680000
0.07900000
0.43580000

Means for Oneway Anova
Number Mean

2 2.06500
2 2.01000
2 2.04000
2 2.19500
2 1.96500
2 2.07000
2 2.04000
2 2.06000
2 2.23000
2 2.02500
2 1.95000
2 1.98000
2 2.17000
2 2.35000
2 1.98000
2 2.07000

—.

0.818724
0.648778
0.070267

2.075
32

Mean Square
0.023787
0.004937
0.014058

Std Error
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969
0.04969

F Ratio
4.8176

Prob>F
0.0017

----

Std Error uses a pooled estimate of emor variance



Appendix A WSRC-TR-99-O0393
Exhibit A4: Elemental Concentration Me~urements in Wt% for tie Rme ~ Solution Standard Revision O

La By Block—Reference Value is 20 wt%

23

22

21

2D

19

18

17 I I I I I I [ [ I 1 I I I 1 1
1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 i3-2

EM

Source DF
Model 15
Error 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

41.478750
3.260000

44.738750

Means for Oneway Anova
Number Mean

2 20.5500
2 17.6000
2 20.7000
2 21,4500
2 19.5000
2 21.0500
2 20.8500
2 20.9000
2 22.5000
2 19.9000
2 20.0500
2 20.3000
2 20.3500
2 22.7500
2 20.3000
2 20.1500

—

0.927133
0.858819
0.451387
20.55625

32

Mean Square
. 2.76525

0.20375
1.44319

Std Error
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918
0.31918

F Ratio
13.5718
Prob>F
<.0001

.-

Std Error uses a pooled estimate of error variance



Appendix A WSRC-TR-99-O0393
Exhibit A4 Elemental Concentration Measurements in Wt% for the Rare Earth Solution Standard Revision O

Nd By Block—Reference Value is 10 wt%
I

11.5

11.0

10.5

10.0
2

9.5

9.0

8.5

.

\ Ii I ++ \ . f{ \ i-
. / // .=

I I I I
v

I I 1 I [ I [ \I I i I
I

1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-7 5-1 5-2 6-1 6-2 1-1 1-2 ti~ 8-2

Elmk

Source DF
Model 15
Emor 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova —
Summary of Fit

RSquare 0.716462
RSquare Adj 0.450645
Root Mean Square Error 0.386491
Mean of Response 9.87
Observations (or Sum Wgts) 32

Analysis of Variance
Sum of Squares Mean Square

6.0392000 0.402613
2.3900000 0.149375
8.4292000 0.271910

Means for Oneway Anova
Number Mean Std Error

2 9.7350 0.27329
2 10.1800 0.27329
2 10.0500 0.27329
2 10.2150 0.27329
2 9.0850 0.27329
2 10.1000 0.27329
2 10.0300 0.27329
2 10.3500 0.27329
2 10.0400 0.27329
2 9.6700 0.27329
2 9.5800 0.27329
2 9.7500 0.27329
2 10.0000 0.27329
2 10.6500 0.27329
2 8.8900 0.27329
2 9.5950 0.27329

Std Error uses a pooled estimate of error variance

F Ratio
2.6953

Prob>F
0.0289

..—



Appendix A WSRC-TR-99-O0393
Exhibit A4 Elemental Conunwation Me~urements in Wt% for tie Rae Earth Solution Standard Revision O

Pr By Block—Reference Value is 4 wt%
5.5

5.D

4.5

&

4.D

3.5

1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 1-2 B-1 &2

Elcck

Source
Model
Error
C Total

DF
15
16
31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova —-
Summary of Flt

RSquare 0.84289
RSquare Adj 0.695599
Root Mean Square Error 0.179757
Mean of Response 4.268125
Observations (or Sum Wgts) 32

Analysis of Variance
Sum of Squares

2.7736875
0.5170000
3.2906875

Means for Oneway Anova
Number Mean

2 4.20000
2 3.55000
2 4.32000
2 4.33500
2 4.06000
2 4.41500
2 4.42000
2 4.30500
2 4.59500
2 4.07000
2 3.98000
2 4.37000
2 4.34000
2 4.98000
2 4.15000
2 4.~oooo”

Mean Square
0.184913
0.032312
0.106151

Std Error
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711
0.12711

Std Error uses a pooled estimate of error variance

F Ratio
5.7226

Prob>F
0.0006

..—
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Appendix A WSRC-TR-99-O0393
Exhibit A4: ElementalConcentrationMeasurements in Wt% for the Rare Earth Solution Standard Revision O

..—

Si By Block—Reference Value is 10 wt%
12.0

11.5

11.0

* ID.5.-

lD.D

9.5

9.D

I

1
I I I I I 1 1 I 1 1 1 I I I 1

1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 8-2

EM(

Source DF
Model 15
Error 16
C Total ‘ 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

6.7072719
1.8852500
8.5925219

Means for Oneway Anova
Number Mean

2 9.6500
2 9.8600
2 9.6550
2 10.2500
2 9.6650
2 10.9500
2 10.6000
2 10.0150
2 10.7OOO
2 9.8650
2 9.8400
2 10.0600
2 10.6500
2 11.0500
2 9.8800
2 9.9250

—.

0.780594
0.574901
0.343261
10.16344

32

Mean Square
0.447151
0.117828
0.277178

Std Error
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272
0.24272

F Ratio
3.7949

Prob>F
0.0059

Std Error uses a pooled estimate of error variance



Appendix A WSRC-TR-99-O0393
Exhibit A4: Elemental Concentration Measurements in Wtqo for tie Rare M Solution Standard Revision O

..—

Sm By Block—Reference Value is 3 wt %
3,6

3,4

3.2

E 3,0
u-l

2.8

2.6

2.4

A0)
/./

v

I 1!
I I I [ 1 I I I I 1 I I I I 1

1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 5-1 5-2 6-1 6-2 7-1 7-2 8-1 8-2

Ekdi

Source ● DF
Model 15
Error 16
C Total 31

Level
1-1
1-2
2-1
2-2
3-1
3-2
4-1
4-2
5-1
5-2
6-1
6-2
7-1
7-2
8-1
8-2

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Respons;
Observations (or Sum Wgts)

Analysis of Variance
Sum of Squares

1.0716875
0.2795000
1.3511875

Means for Oneway Anova
Number Mean

2 2.99500
2 2.59500
2 2.94000
2 3.14500
2 2.85500
2 3.10500
2 3.20500
2 3.08500
2 3.30000
2 3.01500
2 2.82500
2 3.15500
2 2.98500
2 3.34500
2 2.89500
2 2.96500

—.

0.793145
0.599218
0.132169
3.025625

32

Mean Square
0.071446
0.017469
0.043587

Std Error
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346
0.09346

F Ratio
4.0899

Prob>F
0.0040

Std Error uses a pooled estimate of error variance



Appendix A
Exhibit A.5: Paired Comparisons By Oxide Using All Test Glasses

A1203
Measured (wt %) Bv Tarszet (wt %)

20 1

15-

10-

5-

0 , I , , I , , , I , , , ,

0 5 10 1s 20
rud [M)

I

Paired t-Test
Target (w%) - Measured (wt%)

Mean Difference -0.40587
Std Error 0.085468
t-Ratio -4.7488
DF 56

Prob > Itl <.0001
Prob > t 1.0000
Prob c t <,0001

WSRC-TR-99-O0393
Revision O

B203
‘.. ., ---- - ., .-.

lweasureci (wt 70) J5y‘1’arget(wt %)

+
12-

11-

10-

9-

1-

1-

6-

56719 10 11 12 13

T!JIJd[ntx)

Paired t-Test
Target (wt%) - Measured (wt%)

Mean Difference 0.140035
Std E or

c
0.053218

t-Rat 2.631354
DF 56

Prob > [tl 0.0110
Prob > t 0.0055
Prob < t 0.9945
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Appendix A
Exhibit A.5: Paired Comparisons By Oxide Using All Test Glasses

La203
. . . ..— .—— .—.
Measured (wt %) BY ‘1’arQet(wt% )

?5z #

20:

15z

10:

5:

0 ,,, ,,, ,,, ,,8,,,,,,,,,,, ,,

0 5 10 Is 20 25 Jo

Twl (nt!l)

= Pwdl-Te\t

Paired t-Test
Target (wt%) - Measured (wt%)

Mean Difference -0.33532
Std Error 0.129
t-Ratio -2.59936
DF 56

WSRC-TR-99-O0393
Revision O

Na20
Measured (wt %) By Target (wt%)

15-

10-

s-

0 , , , , I , , , , I , , , I , , , ,

.

0 5 10 15 20

TmdM)

Prob > [t]0.0119
Prob > t 0.9940
Prob < t 0.0060

!

Paired t-Test I
Target (wt%) - Measured (wt%)”

Mean Difference -0.26663 Prob > [tl <.0001
Std Error 0.010556 Prob > t 1.0000

P
t-Rat” -25.2598 Prob < t <.0001
DF 56
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Appendix A
Exhibit A.5: Paired Comparisons By Oxide Using All Test Glasses

-.. ./ ---- - ., .-.
measured (wt 70) J5y‘l”arget(wt 7’0)

●

●

I I I I I

15 ?0 25 Jo 35 {o }5, 50

rrioel(nl!l)

I = Pwedt-id I

Paired t-Test
Target (w%) - Measured (wt%)

Mean Difference -0.57904
Std Error 0.095674
t-Ratio -6.05225
DF 56

Prob > Itl <.0001
Prob > t 1.0000
Prob c t <.0001

WSRC-TR-99-O0393
Revision O

. . .,, --- - ,, .-.
lweasurect (wt %) My‘l”arget(wt 70)

01?3 {56)

rla’ld[d%)

Paired t-Test
Target (wt%) - Measured (wt%)

Mean Difference 0.056892
Std Error 0,032017

1
t-Rat o 1.776931
DF 56

\

Prob > Itl0.0810
Prob > t 0.0405
Prob c t 0.9595
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Appendix A
Exhibit A.5: Paired Comparisons By Oxide Using All Test Glasses

Sum of Oxides
Measured (wt%) BY Target (wt %)

110

105

100

95

90

BS

80 85 90 9s 100 105 110

Tuod(d%)

= Pokdt-Tut

Paired t-Test
Target (wt%) - Measured (wt%)

Mean Difference -2.065
Std Error 0.394912
t-Ratio -5,22903
DF 56

Prob > ]t[<.0001
Prob > t 1.0000
Prob < t c.0001
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Revision O
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Appendix A
Exhibit A.6: Paired Comparisons By Oxide Using Only Am/Cm Phase 2 Glasses

La203
Measured (wt %) By Target (wt %)

1
, I 1 I I I

16 lB 20 N 21 26

ruOd(d%)

I = Priedt-rd I

Paired t-Test
Target (w%) - Measured (wt%)

Mean Difference -0.34616
Std Error 0.1335
t-Ratio -2.59298
DF 54

Prob > \tl 0.0122
Prob > t 0.9939
Prob c t 0.0061

WSRC-TR-99-00393
Revision O

Nd203
Measured (wt %) BYTarget (wt%)

?5

20

1s

10

Paired t-Test
Target (wt%) - Measured (wt%)

Mean Difference 0.181918 Prob > It[
Std Error 0.121798 Prob > t
t-Ra~o 1.493605 Prob c t
DF I 54

0.1411
0.0705
0.9295
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,; Appendix A
i; Exhibit A.6: Paired Comparisons By Oxide Using Only Am/Cm Phase 2 Glasses,,
1!

Ii

Ii

Ii
Sum of Lanthanides

. . . ----- - . ..-.

65-

60-

$5-

50-

15-

{o
~ ,1,,,,,,,,,
{O 15 50 55 60 65 ;

rmt [d%)

I 1

= PtiEdI-r?st

Paired t-Test
Target (w%) - Measured (wt%)

Mean Difference -0.54961 Prob > [t[0,0752
Std Error 0.302899 Prob > t 0,9624
t-Ratio -1.81451 Prob c t 0,0376
DF 54

WSRC-TR-99-O0393
Revision O

Sum of Oxides
Measured (wt %) By Target (wt %)

95~
100 105 110

Tu!,li[d%)

= PmEdt-red

Paired t-Test I
Target (wt%) - Measured (wt%)

Mean Difference -1,9547 Prob > [t[ <.0001
Std Error 0.400968 Prob > t 1,0000
t-Rafio -4.87495 Probe t <.0001
DF 54
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Appendix A WSRC-TR-99-O0393
Exhibit A.7: Target Versus Measured Compositions by Glass by Oxide Revision O
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Appendix A
Exhibit A.7: Target Versus Measured Compositions by Glass by Oxide
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Appendix A
Exhibit A,8: Compositional Gmparisons of tie phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

A1Z03 By Repeat Group --
19 I

Repeatability Standard Deviation 0.50631

WSRC-TR-99-O0393
Revision O

Overall Mean of Response 15.23482 --
Repeatability—% Relative Std Dev 3.3%

.

R-f). Rv Rmwat (k-inn

Repeatability Standard Deviation 0.424268
‘Overall Mean of Response 7.934577

Repeatability—% Relative Std Dev 5.3%

‘

—-

. .---,---- .,.+/-- ..-?-,:--- --%---- 3
. . . - .G:>ra>. ,., .. .. ., . -n,. = .. .. .



Appendix A
Exhibit A.8: compositional Compfisons of the Phase 2 DuplicateGlasses

(five sets of repeatedgroups; spiked glassesare labeled)

CaO By Repeat Group

WSRC-TR-99-O0393 i{
Revision O $1

I

..—

0.125

0.100

0.01s

0.025

I
.-

4

0.000

Repeatability Standard Deviation 0.023081

Overall Mean of Response 0.038047

Repeatability—% Relative Std Dev 60.7%
—.

Ce203 By Repeat Group

1 c;
0 1 I I I

1 ? 3 { 5

Rwuiham
— ... —
Repeatability Standard Deviation 0.466565

Overall Mean of Response 1.227999
Repeatability—% Relative Std Dev 38.0%

.



Appendtx A
Exhibit A,8: Compositional Comparisons Ofthe Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

Cr~O~ Bv Rer)eat Grou~

WSRC-TR-99-O0393
Revision O

1---

G
-.
a

0.15
I

.-

0.10

0.05
c,., :. ?,-:5 {?
. . . -,. . . . .

0.00

Repeatability Standard Deviation
Overall Mean of Response

Repeatability—% Relative Std Dev —All values at

o
0.021924
detection

Er203 By Repeat Group

Repeatability Standard Deviation 0.185721
Overall Mean of Response 4.934422

Repeatability—% Relative Std Dev 3.8%

-.—. -

limit.
—

\



Appendix A
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups spiked glasses are labeled)

Eu20~ By Repeat Group
1.1 I .-

I Rmi Gmv

WSRC-TR-99-O0393
Revision O

Repeatability Standard Deviation 0.042217

Overall Mean of Response 0.805342
Repeatability—% Relative Std Dev 5.2%

—-

FelO~ BY Re~eat Grou~

I 0“’0~

I Rmt ham

Repeatability Standard Deviation 0.030796

---- -

Overall Mean of Response 0.049022
Repeatability—% Relative Std Dev 62.8%



Appendix A
Exhibit A,8: Compositional Comparisons of the Phase 2 DuplicatezGlasses

(five sets of repeated groups; spiked glasses are labeled)

WSRC-TR-99-O0393
Revision O

..— .

Gd203 By Repeat Group
?.50

2.00

1.50

RecaiGICW

Repeatability Standard Deviation 0.103954
Overall Mean of Response 1.79052

Repeatability—% Relative Std Dev 5.8%
—

KzO Bv Reueat Grou~

I 0.20 I II

0.15

i
0.10 c. -, -. CT*.. -.. ... i~

2 0.05

0,00

-0.05 I I I I
1 2 3

RewiG(w

5

Repeatability Standard Deviation o
Overall Mean of Response 0.090345

Repeatability—% Relative Std Dev —All values at detection limit.
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Appendix A
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

WSRC-TR-99-O0393
RevisionO

...-.

La203 By Repeat Group 1

Repeatability Standard Deviation 0.744335
Overall Mean of Response 21.09912

Repeatability—% Relative Std Dev 3.5%
—-

MnO BY Remat GrouD
0.05 &

z?

0,01 x
A

❑

RE@ GIMQ

Repeatability Standard Deviation 0.01Z366

‘Overall Mean of Response 0.023679
Repeatability—% Relative Std Dev 52.2%



Appendix A
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

Na20 By Repeat GroupI
0.5

0.{

~ 0.3
2

0.2

0.1

1

1 2 3 { 5

RcwdCIDW

Repeability Standard Deviation 0.092961

WSRC-TR-99-O0393
Revision O

Overall ‘Mean of Response 0.267837
Repeatability-% Relative Std Dev 34.7%

—.

Nd203 By Repeat Group
$

16

1{

12

10
I ❑

I I I I

1 2 3 I 5

RM GNXQ I

Repeatability Standard Deviation 0.655406
Overall Mean of Response 13.22384

Repeatability—% Relative Std Dev 5.0%
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Appendix A WSRC-TR-99-O0393
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

NiO By Repeat Group
0.115 .:

z.
--

0.150

0.125

.~ 0.100
z

0.075

0.050
+ %z~i d =:j #;i

0.025 I I I i
1 2 3 ! 5

RwdGw

Repeatability Standard Deviation 0.036826
Overall Mean of Response 0.047988

Repeatability—% Relative Std Dev 76.7%
—-

Rwi GrcuI

Repeatability Standard Deviation 0.242715

Revision O

..— -

Overall Mean of Response 4.83604
Repeatability—?% Relative Std Dev 5.0%



Appendix A
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled) ,

Si02 By Repeat Group
N

I
I u .-

18
1

16
I =;1

I 1 1 1

WSRC-TR-99-O0393
Revision O

—

1 2 3 { 5

Rmi IJCW

Repeatability Standard Deviation 0.68545
Overall Mean of Response 20.39411

Repeatability—% Relative Std Dev 3.4%
—-

Sm20~ By Repeat Group

2.5
i

i i I 1

1 2 3 { 5

Rmi hug
—
Repeatability Standard Deviation 0.126304

Overall Mean of Response 3.171952
Repeatability—% Relative Std Dev 4.0%

. . ...-—------



Appendix A
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

SrO By Repeat Group

2
r,

2.?.

2.0

1.8

1.6

1.{

.-
Z-i
❑

x..
2):

1 ? 3 { 5

ReraiG(CW

WSRC-TR-99-O0393
Revision O

..— -

Repeatability Standard Deviation 0.050966

‘Overall Mean of Response 1.775265
Repeatability—% Relative Std Dev 2.9%

—

Sum of Oxides By Repeat Group

95.0
I

1 I I I

1 2 3 I 5

Rmi Cm

Repeatability Standard Deviation 3.306779

,

Overall Mean of Response 100.93
Repeatability—% Relative Std Dev 3.3%



Appendix A
Exhibit A.8: Compositional Comparisons of the Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)

●

Si02 By Repeat Group
24 I u .-

181
A

Repeatability Standard Deviation 0.68545
Overall Jvlean of Response 20.39411

Repeatability—% Relative Std Dev 3.4%

SmZO~ BY Rewat GrouD
1.0 I

Rmi CKW

Repeatability Standard Deviation 0.126304
Overall Mean of Response 3.171952

Repeatability—% Relative Std Dev 4.0%
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Revision O
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Appendix A
Exhibit A.8: Compositional Comparisons Ofthe Phase 2 Duplicate Glasses

(five sets of repeated groups; spiked glasses are labeled)
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Repeatability Standard Deviation 0.050966

‘Overall Mean of Response 1.775265
Repeatability—% Relative Std Dev 2.9%

Sum of Oxides By Repeat Group
101.5

105.0

95.0
1 i’ 3 } 5

rkmtiGIMI

Repeatability Standard Deviation 3.306779
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Overall-Mean of Response 100.93
Repeatability—% Relative Std Dev 3.3%
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XRD Analysis

WSRC-TR-99-O0393

.-

>127276.MDI] AC2-01 PEELER-1A

50

0 i
10 20 30 40 50 60-.

2-Thetaf)

Figure B. 1. XRD Analysis of AC2-01.
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Figure B.2. XRD Analysisof AC2-02.
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Figure B.3. XRD Analysis of AC2-03.
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Figure B.4. XRD Analysisof AC2-04.
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Figure B.5. XRD Analysis of AC2-05.
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Figure B.6. XRD Analysis of AC2-06.
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Figure B.7. XRD Analysis of AC2-07
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Figure B.8. XRD Analysis of AC2-08.
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Figure B.9. XRD Analysis of AC2-09.
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Figure B. 10. XRD Analysis of AC2-10.
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Figure B.11. Xl?D AnalysisofAC2-11.
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Figure B. 12. XRD Analysis of AC2-12.
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Figure B.13. XRD Analysis of AC2-13.
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Figure B. 14. XRD Analysis of AC2-14.
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Figure B. 15. XRD Analysis of AC2-15.
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Figure B. 16. XRD Analysis of AC2-16.
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Figure B.17. XRD Analysis of AC2-17.
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FigureB. 18. XRD Analysis OfAC2-18.
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Figure B. 19. XRD Analysis of AC2-19.
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Figure B.20. XRD Analysisof AC2-20.
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Figure B.21. XRD Analysis of AC2-21.

‘J~10 20 30 40 50 60 70

2-Theta~)

Figure 13.22. XRD Analysis OfAC2-22.
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Figure B.23. Xf2D Analysis of AC2-23.
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Figure B.24. XRD Analysis of AC2-24.
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Figure B.25. XRD Analysis of AC2-25.
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Figure B.26. XRD Analysis of AC2-26.
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Figure B.27. XRD Analysis of AC2-27.
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Figure B.28. XRD Analysis of AO.-28.
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Figure B.29. XRD Analysis of AC2-29.

Figure B.30. XRD Analysisof AC2-30.
(* Althoughlabeledon XIUl plot as AC2-53,plot is actually

AC2-30due to an inadvertentsampleswitch)
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Figure B.29. XRD Analysis of AC2-29.
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Figure B.30. XRD Analysis of AC2-30.
(* Although labeled on XRD plot as AC2-53, plot is actually

AC2-30 due to an inadvertent sample switch)
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-Figure B.31. XRD AnalysisofAC2-31.
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Figure B.32. XRD Analysis of AC2-32.
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Figure B.35. XRD Analysisof AC2-35.
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Figure B.36. XRD Analysis of AC2-36.

..

.

I



Appendix B
XRD Analysis

WSRC-TR-99-O0393
Revision O

.-
[12S236.MDI] AC2-37 PEELER-1 B

45

5’+
o

, # ,
10 20 30

t
50 60 7

2-Th%a~)

Figure B.37. XRD Analysis of ACY2-37.
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Figure B.38. XRD Analysis of AC2-38.
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Figure B.41. XRD Analysis of AC2-41.
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Figure B.42. XRD Analysis of AC242.
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Figure B.43. XRD Analysis of AC2-43.
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Figure B.44. XRD Analysisof AC2-44.
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Figure B.45. XRD Analysis of AC2-45.
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Figure B.46. XRD Analysisof AC2-46.
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Figure B.51. XRD AnalysisofAC2-51.
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Figure B.52. XRD Analysisof AC2-52.
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Figure B.53. XRD Analysis of AC2-53.
(*Although labeled on XRD plot as AC2-30, plot is actually

AC2-53 due to an inadvertent sample switch)
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Figure B.54. XRD Analysis of AU--54.
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Figure B.54. XRD Analysisof AC2-55.
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Appendix C
Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Sequence Glass ID Glass # Lab LD

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

std
AC2-34
AC2-22
AC2-41
AC2-01
AC2-16

B
AC2-10
AC2-40
AC2-43
AC2-46

std
AC2-07
AC2-28
AC2-31
AC2-52
AC2-25
AC2-19
AC2-49
AC2-37
AC2-55
AC2-04

std

o

34

22

41

1

16

999

10

40

43

46

0

7

28

31

52

25

19

49

37

55

4

0

stdb1-1
j088
j035
j058
j025
j036
j052
j076
j038
j029
jOlO

stdb1-2
j102
j054
j171
j163
j135
j141
jO16
j095
j154
j071

stdb1-3
2 1 std o stdb2-1

2 2 AC2-49 49 j021

2 3 AC2-36 36 j037

2 4 A~;-3Q 30 ;!jo~i,

2 5 AC2-55 55 j062

2 6 AC2-37 37 j055

2 7 AC2-42 42 j043

Values are in Parts Pcr Million (ppm)
Al B Er La Nd Si Sr

4.08 21.4 <0.100 <0,100 <0.180 51.9 <0.010

<0.200 0.5 <0.100 0.18 <0,180 0.796 0.145

<0.200 0.294 <0.100 0.185 <0.180 0.788 0.143

<0.200 <0.180 <0.100 0.183 <0.180 0.543 0.088

0.265 0.287 <0.100 cO.100 0.213 1.72 0.074

<0.200 cO.180 <0.100 0.377 0.235 0.694 0.145

<0.200 <0.180 <0.100 <0.100 <0.180 <0.180 <0.010

<0.200 0.22 <0.100 0.216 <0.180 0.775 0.164

<0.200 <0.180 <0.100 0.263 <0.180 0.565 0.091

<0.200 <0.180 <0.100 0.232 <0.180 0.753 0.149

<0.200 <0.180 <0.100 0.139 <0.180 0.54 0.087

3.94 20.9 <0.100 <0.100 <0.180 51.1 <0.010

<0.200 0.312 <0.100 0.288 <0.180 0.789 0.094

<0.200 0.296 <0.100 0.173 <0.180 0.535 0.177

<0.200 <0.180 <0.100 0.203 <0.180 0.7 0.113

<0.200 0.26 <0.100 0.171 <0.180 0.854 0.171

<0.200 <0.180 <0.100 <0.100 <0.180 0.517 0.133

0.434 0.708 <0.100 <0.100 <0.180 4.65 0.108

<0.200 0.215 <0.100 0.226 <0.180 0.774 0.159

<0.200 <0.180 <0.100 0.207 <0.180 0.624 0.106

<0.200 0.23 <0.100 0.266 <0.180 0.861 0.188

<0.200 <0.180 <0.100 0.186 <0.180 0.588 0.118

3.9 21.4 <0.100 <0.100 <0.180 50.5 <0.010

3.96 20.6 <0.100 <0.100 <0.180 51.3 <0.010

<0.200 0,369 <0.100 0.171 <0.180 0.93 0.249

<0.200 <0.180 <0,100 <0.100 <0.180 0.543 0.163

<~;;”~ ko?l $0 <~.1$ ‘OH1~ ‘<O;$~O’ ~.7~6’ 0.227.,.. ~
<0.200 <0.180 <0.100 0.153 <0.180 0.825 0.239

<0.200 <0.180 <0.100 <0.100 <0.180 0.765 0.195

<0.200 <0.180 <0:100 0.229 <0.180 0.943 0.28

WSRC-TR-99-O0393
Revision O

Values have been adjusted for dilution fnctor of 1.6667.

N (ppm) B (ppm) 13r(ppm) La (ppm) Nd (ppm) Si (ppm) Sr (ppm)

4.080 21.400 0.050 0.050 0.090 51.900 0.005

0.167

0.167

0.167

0.442

0.167

0.167

0.167

0.167

0.167

0.167

3.940

0.167

0.167

0.167

0.167

0.167

0.723

0.167

0.167

0.167

0.167

3.900

3.960 20.600 0.050 0.050 0.090 51.300 0.005

0.167 0.615 0.083 0.285 0.150 1.550 0.415

0.167 0.150 0.083 0.083 0.150 0.905 0.272

o+,~67‘ d.l~o q.083 @Q2 0.150 1.227 6$1$, ~
0.167 0.150 0.083 0.255 0.150 1,375 0.398

0.167 0.150 0.083 0.083 0.150 1.275 0.325

0.167 0.150 0.083 0.382 0.150 1.572 0.467

0.833
0.490
0.150
0.478
0.150
0.150
0.367
0.150
0.150
0.150
20.900
0.520
0.493
0.150
0.433
0.150
1.180
0.358
0.150
0.383
0.150
21.400

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.050

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.050

0.300

0.308

0.305

0.083

0.628

0.083

0.360

0.438

0.387

0.232

0.050

0,480

0.288

0.338

0.285

0.083

0.083

0,377

0.345

0.443

0.310

0.050

0.150 1.327

0.150 1.313

0.150 0.905

0.355 2.867

0.392 1.157

0.150 0.150

0.150 1.292

0.150 0.942

0.150 1.255

0.150 0.900

0.090 51.100

0.150 1.315

0.150 0.892

0.150 1.167

0.150 1.423

0.150 0.862

0.150 7.750

0.150 1.290

0.150 1.040

0.150 1.435

0.150 ; 0.980

0.090 50.500

0.242

0.238

0.147

0.123

0.242

0.008

0.273

0.152

0.248

0.145

0.005

0.157

0.295

0.188

0.285

0.222

0.180

0.265

0.177

0.313

0.197

0.005

t
c imolies a value less than the detection limit; these values were set to half the detection limit

The as-reported PC.T values for AC2-30 and AC2-53 are shaded. These PCT values are switched elsewhere in this report. t
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Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Seauence Glass ID Glass # Lab III

2 “8 AC2-19 19 j074

2 9

2 10

2 11

2 12

2 13

2 14

2 15

2 16

2 17

2 18

2 19

2 20

2 21

2 22

2 23

AC2-31

AC2-24

AC2-05

std

AC2-10

B

AC2-52

AC2-31

AC2- 13

AC2-34

AC2-04

AC2-28

AC2-07

AC2-22

std

31

24

5

0

10

999

52

31

13

34

4

28

7

22

0

j064

j048

jO06

stdb2-2

j084

j077

j053

j044

j020

jOOl

j061

j026

j174

j023

stdb2-3

3 1 std o stdb3-1

3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
3 10
3 11

AC2-I6
AC2-07
AC2-49
AC2-28
AC2-55
AC2-40
AC2-19
AC2-52
AC2-22
AC2-40

3 12 std

3 13 AC2-10

3 14 B

16
7
49
28
55
40
19
52
22
40
0
10

999

j140

j086

j028

jl13

j072

jlOl

j162

jO09

j105

j164

stdb3-2

j089

j161

Values are in Parts Per Million (ppm)
Al B Er La Nd Si Sr

0.599 0.68 <0.100 <0.100 <0.180 5.37 0.17
<0.200 <0.180 <0.100 <0.100 <0.180 0.737 0.188
<0.200 <0.180 <0.100 0.159 <0.180 0.506 0.132
<0.200 <0.180 <0.100 0.214 <0.180 0.873 0.245

3.89 20.5 <0,100 <0.100 <0.180 49.1 0.044
<0.200 0.25 <0.100 0,187 <0.180 0.893 0,234
<0.200 <0.180 <0.100 <0.100 <0.180 <0.180 0.05
<0.200 0.204 <0.100 <0,100 <0.180 1 0.266
<0.200 <0.180 <0.100 <0.100 <0.180 0.785 0.205
0.186 <0.180 <0.100 0.287 0.196 1.05 0.213

<0.200 <0.180 <0.100 0.218 <0.180 0.696 0.212
<0.200 <0.180 <0.100 <0.100 <0.180 0.567 0.191
<0.200 <0,180 <0.100 <0.100 <0.180 0.605 0.259
<0.200 <0.180 <0,100 0.119 <0,180 0.845 0.176
<0.200 <0.180 <0.100 0.1 <0.180 0.831 0.227

3.91 21.2 <0.100 <0.100 <0,180 50,2 0.044
3.98 20.3 <0.100 <0,100 <0.180 51,9 <0,010

<0.200 0,426 <0,100 <0.100 <0,180 0.594 0,105
<0.200 0.225 <0.100 0.199 <0.180 0,831 0,065
<0.200 0.246 <0.100 <0.100 <0.180 0,803 0,102
<0.200 0.277 <0.100 <0.100 <0,180 0.562 0.138
<0.200 0.272 <0,100 <0.100 <0.180 0.8 00133
<0,200 <0.180 <0.100 <.0100 <0.180 0.535 0.06
0.513 0.704 <0.100 <0.100 <0.180 4.81 0.062

<0.200 0.237 <0.100 <0.100 <0.180 0,881 0.129
<0.200 0,164 <0.100 <0.100 <0,180 0.875 0.104
<0.200 <0.180 <0.100 <0.100 <0.180 0.622 0.064

3.89 20.7 <0.100 <0.100 <0.180 49.5 <0.010
<0.200 0.491 <0.100 <0.100 <0.180 0.824 <0.010
<0.200 <0.180 <0.100 <0.100 <0.180 <0.180 <0.010

WSRC-TR-99-O0393
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Values have been adjusted for dilution factor of 1.6667.
Al (ppm) B (ppm) Er (ppm) La (ppm) Nd (ppm) Si (ppm) Sr @pm)

0.998 1.133 0.083 0.083 0.150 8.950 0.283
0.167

0.167

0.167

3.890

0.167

0.167

0.167

0.167

0.310

0.167

0.167

0.167

0.167

0.167

3.910

3.980

0.167

0.167

0.167

0.167

0.167

0.167

0.855

0.167

0.167

0.~67

3.890

0.167

0.167

0.150

0.150

0.150

20.500

0.417

0.150

0.340

0.150

0.150

0.150

0.150

0.150

0.150

0.150

21.200

20.300

0$710

0.375

0.410

0.462

0.453

0.150

1.173

0.395

0.273

0.150

20.700

0.818

0.150

0.083 0.083 0.150

0.083 0.265 0.150

0.083 0.357 0.150

0.050 0.050 0.090

0.083 0.312 0.150

0.083 0.083 0.150

0.083 0.083 0.150

0.083 0.083 0.150

0.083 0.478 0.327

0.083 0.363 0.150

0.083 0.083 0.150

0.083 0.083 0.150

0.083 0.198 0.150

0.083 0.167 0.150

0.050 0.050 0.090

0.050 0.050 0.090

0.083 0.083 0.150

0.083 0.332 0.150

0.083 0.083 0.150

0.083 0.083 0.150

0.083 0.083 0.150 I

0.083 0.008 0.150

0.083 0,083 0.150

0.083 0.083 0.150

0.083 0.083 0.150

0.083 0.083 0.150

0.050 0.050 0.090

0.083 0.083 0.150

0.083 0.083 “ 0.150

1.228

0.843

1.455

49.100

1.488

0.150

1.667

1.308

1.750

1.160

0.945

1.008

1.408

1.385

50.200

51,900

0.990

1.385

1.338

0.937

1.333

0.892

8.017

1.468

1.458

1.037

49.500

1.373

0.150

I

i

0.313

0.220

0.408

0.044

0.390

0.083

0,443

0.342

0.355

0.353

0.318

0.432

0.293

0.378

0.044

0.005

0.175

0.108

0.170

0.230

0.222

0.100

0.103

0.215

0.173

0.107

0.005

0.008

0.008
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Appendix C
Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Sequence Glass ID Glass # Lab IO

3 15 AC2-37 37 jl18

3 16 AC2-46 46 j142

3 17 AC2-34 34 j045

3 18 AC2-43 43 j150

3 19 AC2-01 1 j173

3 20 AC2-25 25 j083

3 21 AC2-13 13 jl10

3 22 AC2-04 4 j130

3 23 std o stdb3-3

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

std
AC2-02

AC2-11

EA

AC2-26

AC2-20

AC2-32

AC2;53

AC2-38

AC2-29

AC2-17

std

AC2-47

AC2-50

AC2-05

AC2-44

AC2-14

AC2-35

AC2-08

AC2-23

AC2-41

o

2

11

102

26

20

32

53.>.?
38

29

17

0

47

50

5

44

14

35

8

23

41

stdb4-1
j121
j066
j156
j042
j097
j126
QM, ;
jO13
j152
j165

stdb4-2
j040
jO19
j022
j122
j144
jl16
j031
j132
j047

Values are in Parts Per Million (ppm)
Al B Er La Nd Si Sr

<0.200 <,0180 cO.100 <0.100 <0.180 00614 0.069
<0.200 <0.180 <0.100 <0.100 <0.180 0.523 0.046
0.186 0.18 <0.100 cO.1OO<0.180 0.705 0.088

<0.200 0.195 <0.100 <0.100 <0.180 0.722 0.11
0.206 <0.180 <0.100 <0.100 <0.180 1.17 0.063

<0.200 <0.180 <0.100 <0.100 <0.180 0.518 0.118
<0.200 0.221 <0.100 <0.100 <0.180 0.89 0.09
<0.200 <0.180 <0.100 <0.100 cO.180 0.494 0.071
4.07 19.9 <0.100 <0.100 <0.180 50 <0.010
3.94 22.4 <0.100 <0.100 <0.180 52 <0.010

<0.200 0.509 <0.100 0.173 <0.180 0.643 0.097
<0.200 0.255 <0.100 <0.100 cO.180 0.577 0.077
<0.200 39.4 <0.100 <0.100 <0.180 55.3 <0.010
<0.200 0.713 <0.100 0.118 cO.180 0.771 0.046
<0.200 0.405 <0.100 0.169 <0.180 0.595 0.051
<0.200 0.394 <0.100 0.123 0.188 0.684 0.084
<$yjo&o;$J6‘ ,S’yg,JJ4gf .jx2gij~;.;o~y8.,>, o;oj~.
<0.200 0.245 <0.100 0.139 <0.180 0.566 0.037

<0.200

<0.200

3.86

<0.200

<0.200

<0.200

<0.200

<0.200

<0.200

<0.200

<0.200

:0.200

0.261

0.337

21.1

0.411

0.364

0.275

0.235

0.336

0.255

0.23

0.216

0.18

<0.100 0.126 <0.180

<0.100 <0.100 <0.180

<0.100 <0.100 <0.180

<0,100 0.242 <0.180

<0.100 0.122 <0.180

<0.100 0.183 <0.180

<0.100 0.162 <0.180

<0.100 0.106 <0.180

<0.100 0.102 <0.180

<0.100 <0.100 <0.180

<0.100 <0.100 <0.180

<0.100 0.156 <0.180

0.511

0.089

52.4

0.629

0.725

0.865

0.633

0.574

0.605

0.756

0.612

0.546

0.027

0.125

<0.010

0.049

0.09

0.122

0.049

0.122

0.057

0.117

0.09

0.041

WSRC-TR-99-O0393
Revision O

Valueshave been adjusted for dilution factor of 1.6667.
Al (ppm) B (ppm) Er (ppm) La (ppm) Nd (ppm) Si (ppm) Sr (ppm)

0.167 0,015 0.083 0.083 0.150 1.023 0.115
0.167 0.150 0.083 0.083 0.150 0.872 0.077
0.310 0.300 0.083 0.083 0.150 1.175 0.147
0.167 0.325 0.083 0.083 0.150 1.203 0.183
0.343 0.150 0.083 0.083 0.150 1.950 0.105
0.167 0.150 0.083 0,083 0.150 0.863 0.197
0.167 0.368 0.083 0.083 0.150 1.483 0.150
0.167 0.150 0.083 0.083 0.150 0.823 0.118
4.070 19.900 0.050 0.050 0.090 50.000 0.005. . . —
3.940 22.400 0.005

0.167 0.848

0.167 0.425

1.667 656.680

0.167 1.188

0.167 0.675

0.167 0.657

$g : CMJ3..’‘..,,.:<..k
0.167 0.408

0.167 0.435

0.167 0.562

3.860 21.100

0.167 0.685

0.167 0.607

0.167 0.458

0.167 0.392

0.167 0.560

0.~67 0.425

0.167 0.383

0.167 0.360

0.167 0.300

0.050

0.083

0.083

0.833

0.083

0.083

0.083

,~y~

0.0s3

0.083

0.083

0.050

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.050

0.288

0.083

0.833

0.197

0.282

0.205

.:0%91

0.232

0.210

0.083

0.050

0.403

0.203

0.305

0.270

0.177

0.170

0.083

0.083

0.260

0.090 52.000

0.150 1.072

0.150 0.962

1.500 921.685
0.150 1.285

0.150 0.992

0.313 1.140

0.$10 1.633

0.150 0.943

0.150 0.852

0.150 0.148

0.090 52.400

0.150 ; 1.048

0.150 1.208

0.150 1.442

0.150 1.055

0.150 0.957

0.150 1.008

0.150 1.260

0.150 1.020

0.150 0.910

0.162

0.128

0.083

0.077

0.085

0.140

q.12p:?

0.062 “

0.045

0.208

0.005

0.082

0.150

0.203

0.082

0.203

0.095

0.195

0.150

0.068



Appendix C
Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Sequence Glass ID Glass# Lab ID
4 22 std o stdb4-3

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

std
AC2-32

AC2-44

AC2-I 1

EA

+~2-s3

AC2-38

AC2-17

AC2-41

AC2-23

AC2- 14

std

AC2-29

AC2-08

AC2-26

AC2-35

AC2-47

AC2-02

AC2-20

AC2-50

AC2-01

std

32

44

11

102

53

38

17

41

23

14

0

29

8

26

35

47

2

20

50

1

0

s[aD3-1

j 145

j067

j090

j085

,:’;J13~:’

j030

j172

j091

j166

j160

stdb5-2

j099

j060

j136

j139

j063

j120

j125

j170

j106

stdb5-3

6 1 std o stdb6- 1

6 2 EA 102 j056

6 3 AC2-23 23 j104

6 4 AC2-29 29 j108

6 5 AC2-47 47 j027

6 6 AC2-17 17 j149

6 7 AC2-44 44 j103

Values are in Parts Per Million (ppm)
Al B Er La Nd Si Sr

3.69 22.2 <0.100 <0.100 <0.180 52.8 <0.010
3,93 20.8 <0.100 <0.100 <0.180 52.7 <0.010

<0.200 0.369 <0,100 0.227 <0.180 0.629 0.152

<0.200 <0.180 <0.100 0.192 <0.180 0.506 0.117

<0.200 0.196 <0.100 0.102 <0.180 0.59 0.167

<0.200 40 <0.100 <0.100 <0.180 61.3 <0.010

<0.200 0.361 <0.100 0.133 <0.180

<0.200 0.224 <0.100 0,206 <0.180

<0.200 0.187 <0.100 <0.100 <0.180

<0.200 0.276 <0.100 0,167 <0,180

4.01 20.6 <0.100 <0.100 <0.180

<0.200 0,376 <0.100 0.132 <0,180

<0.200 0.265 <0,100 0.176 <0,180

<0.200 <0.180 <0,100 0.176 <0.180

<0.200 0.196 <0.100 0.118 <0.180

<0.200 <0.180 <0.100 0.279 <0,180

<0.200 0.352 <0,100 0,112 <0.180

<0.200 <0.180 <0.100 0.136 <0.180

<0.20Q 0.189 <0,100 0.184 <0.180

0244 <0.180 <0.100 <0.100 <0,180

4.01 20,7 <0,100 <0,100 <0.180

4.02 20.8 <0.100 <0.100 0.271

<0.200 40. <0.100 <0,100 0.292

<0.200 0.805 <0,100 <0.100 0.283

<0.2W 0.434 <0.100 0.159 0.291

<0.200 0.304 <0.100 0.233. 0,305

<0.200 0.88 <0,100 0.103 0.294

<0.200 0.187 <0,100 0.15 0.254

0.719 0.184

0.596 0,124

0.5 0.164

0.58 0.208

51.9 <0,010

0.433 0.107

0.75 0.212

0.605 0.112

0.569 0.138

0.598 0,15

0.597 0.179

0.442 0.126

0.708 0.192

1.39 0.129

50.6 <0,010

51.6 0.047

56.7 0.046

0.621 0.197

0.517 0,14

0.607 0.168

0.878 0.224

0.598 0.147

WSRC-TR-99-O0393
Revision O

Valuea have been adjusted for dilution factor of 1.6667.
Al(ppm) B (ppm) Er (ppm) La (ppm) Nd (ppm) Si (ppm) Sr (ppm)

3.690 22,200 0.050 0.050 0.090 52.800 0.005

0.083 0.378

0.083 0.320

0.083 0.170

0.833 0.833

0.~83 “ ‘“ ;@393> ,-..\
0.083 h.337

0.083 0.222

0.083 0.343

0,083 0.083

0.083 0.278

0.050 0.050 ‘

0.083 0.220

0.083 0.293

0.083 0.293

0.083 0.197

0.083 0.465

0.083 0.187

0.083 0.227

0.083 0.307

0,083 0.083

0.050 0.050

3.930 20.800 0.050 0.050 52.700

0.167 0.615

0.167 0.150

0.167 0.327

1.667 666.680
. ...0:167, , ‘.;;~~~

0.167 0.66s

0.167 0.602

0.167 0.373

0.167 0.312

0.167 0.460

4.010 20.600

0.167 0.627

0.167 0.442

0.167 0.150

0.167 0.327

0.167 0.150

0.167 0.587

0.167 0.150

0.167 0.315

0.407 0.150

4.010 20,700

4.020 20.800 0.050 0,050 0.271 51,600 0.047

1.667 666.680 0.833 0.833 4.867 945.019 0.767
0.167 1.342 0.083 0.083 0.472 1.035 0.328

0.\67 0.723 0.083 0.265 0.485 0.862 0.233
0.167 0.507 0.083 0.388 0.508 1.012 0.280
0.167 1.467 0.083 0.172 0.490 1,463 0.373
0.167 0.312 0.083 0.250 0.423 0.997 0.245

0.090

0.150

0.150

0.150

1.500

.o.,150

0.150

0.150

0.150

0.150

0.150

0.090

0.150

0.150

0.150

0.150

0.150

0.150

0.150

0.150

0.150

0.090

1.048

0.843

0.983

1021.687

1.4s5

1.037

1.198

0.993

0.833

0.967

51.900

0.722

1.250

1.008

0.948

0.997

0.995

0.737

1,180

I 2.317

50.600

0.005

0.253

0.195

0.278

0.083

.g,+j; ;.

0.230 ‘“

0.307

0.207

0.273

0.347

0.005

0.178

0.353

0.187

0.230

0.250

0.298

0.210

0.320

0.215

0.005

I

A



.

Appendix C
Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Sequence Glass ID Glass # Lab LD

6 8 AC2-14 14 jl15

6 9 AC2-05 5 j109

6 10 AC2-32 32 jO12

6 11 std o stdb6-2

6 12 AC2-11 11 j068

6 13 AC2-02 2 j087

6 14 AC2-35 35 j169

6 AC2-53 5315 .,,4 ,; :j$$$ P

6 16 AC2-50 <0 j124

6 17 AC2-38 38 j123

6 18 AC2-13 13 j158

6 19 AC2-20 20 j094

6 20 AC2-08 8 j093

6 21 AC2-26 26 j073

6 22 std o stdb6-3

o7 1

7 2

7 3

7 4

7 5

7 6

7 7

7 8

7 9

7 10

7 11

7 12

7 13

7 14

7 15

std
AC2-46

AC2-21

AC2-24

AC2-I 5

AC2- 12

AC2-03

AC2-45

AC2-54

ARM

std

AC2-27

AC2-42

AC2-33

AC2-48

46

21

24

15

12

3

45

54

101

0

27

42

33

48

stdb7- 1

j137

j147

j133

j032

j069

jO14

j079

j098

jl12

stdb7-2

j024

j057

j146

j153

Values are in Parts Per Million (ppm)
Al B M La Nd Si Sr

<0.200 0.284 <0.100 0.161 0.274 0.719 0.227
<0.200 <0.180 <0.100 0.502 0.453 0.949 0.245
<0.200 0.18 <0.100 0.176 0.293 0.705 0.195
4.09 21.2 <0.100 <0.100 0.237 51.2 0.044

<0.200 0.506 cO.100 <0.100 0.261 0.94 0.171
<0.200 0.353 <0.100 0.238 0.269 0.619 0.203
<0.200 0.344 <0.100 <0.100 0.269 0.75 0.166

<O?g; !::7!! @!@ !:2??. ‘:9;3!!.’ ?“2!?, 9’!!!
<0.200 0.226 <6.100 0.136 0.325 0.873 0.205
<0.200 <0.180 <0.100 0.131 0.274 0.623 0.181
<0.200 0.215 <0.100 0.16 0.249 0.942 0.173
<0.200 <0.180 <0,100 0.153 0.251 0.641 0.178
<0.200 <0.180 <0.100 0.191 0.235 0.843 0.244
<0.200 cO.180 <0.100 0.272 0.341 0.793 0.158
3.92 21.1 <0.100 cO.1OO 0.251 53.4 0.044
3.96 21.7 <0.100 0.125 <0.180 51 0.061

<0.200 0.417 <0.100 0.252 <0.180 0.643 0.153
<0.200 0.443 <0.100 0.26 <0.180 0.686 0.293
<0.200 0.188 <0.100 0.371 0.216 0.517 0.141
<0.200 0.18 <0.100 0.316 0.214 0.818 0.154
<0.200 <0.180 <0.100 0.187 0.195 0.724 0.191
<0.200 0.26 <0.100 0.201 0.183 0.627 0.25
<0.200 0.256 <0.100 0.251 <0.180 0.755 0.246
<0.200 <0.180 <0.100 0.15 cO.180 0.779 0.197

3.05 10.8 <0.100 0.115 0.204 38.2 0.067
3.98 21 <0.100 0.119 <0.180 52.4 0.058

<0.200 0.441 <0,100 0.368 <0.180 0.884 0.203
<0.200 0.375 <0.100 0.331 0.182 0.852 0.259
<0.200 0.257 <0.100 0.249 <0.180 0.744 0.217
<0.200 0.268 <0.100 0.276 <0.180 0.805 0.249

WSRC-TR-99-O0393
Revision O

Values have been adjusted for dilution factor of 1.6667.

41(ppm) B (ppm) Er (ppm) La (ppm) Nd (ppm) Si (ppm) Sr (ppm)

0.167 0.473 0.083 0.268 0.457 1.198 0.378

0.167 0.150 0.083 0.837 0.755 1.582 0.408

0.167 0.300 0.083 0.293 0.488 1.175 0.325

4.090 21.200 0.050 0,050 0.237 51.200 0.044

0.167 0.843 0.083 0.083 0.435 1.567 0.285

0.167 0.588 0.083 0.397 0.448 1.032 0.338

0.167 0.573 0.083 0.083 0.448 1.250 0.277

0.167 0,463” o.o~3 $395 0.518 1.507 :’‘0.302

0.167 0.377 0.083 0.227 0.542 1.455 0.342

0.167 0.150 0.083 0.218 0.457 1.038 0.302

0.167 0.358 0.083 0.267 0.415 1.570 0.288

0.167 0.150 0.083 0.255 0.418 1.068 0.297

0.167 0.150 0.083 0.318 0.392 1.405 0.407

0.167 0.150 0.083 0.453 0.568 1.322 0.263

3.920 21.100 0.050 0.050 0.251 53.400 0.044

3.960 21.700 0.050 0.125 0.090 51.000 0.061

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

5.083

3.980

0./67

0.167

0.167

0.167

0.695

0.738

0.313

0.300

0.150

0.433

0.427

0.150

18.000

21.000

0.735

0.625

0.428

0.447

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.050

0.083

0.083

0.083

0.083

0.420

0.433

0.618

0.527

0.312

0.335

0.418

0.250

0.192

0.119

0.613

0.552

0.415

0.460

0.150 1.072 0.255

0.150 1.143 0.488

0.360 0.862 0.235

0.357 1.363 0.257

0.325 , 1.207 0.318

0.305 I 1.045 0.417

0.150 1.258 0.410

0.150 1.298 0.328

0.340 63.668 0.112

0090 52.400 0.058

0.150 1.473 0.338

0.303 1.420 0.432

0.150 1.240 0.362

0.150 1.342 0.415

I



Appendix C
Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Sequence Glass ID Glass # Lab ID

7 16 AC2-09 9 jO15

7 17 AC2-51 51 jlll

7 18 AC2-25 25 j151

7 19 AC2-06 6 jl17

7 20 AC2-39 39 j070

7 21 AC2-18 18 jOll

7 22 std o stdb7-3

8

8

8

8

8

8

8

8

8

8

8

8.

8

8

8

8

8

8

8

8

1
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

std
AC2- 12

AC2-15

AC2-21

AC2-33

AC2-36

AC2-39

AC2-48

AC2-03

AC2-54

std

AC2-43

AC2- 16

AC2-51

AC2-09

AC2-06

AC2-45

AC2-18

.AC2-27

I$Q;O,

o

12

15

21

33

36

39

48

3

54

0

43

16

51

9

6

45

18

27

39

8

8

21’

22

ARM 101

std o

stdb8-1

j033

j082

j129

j039

jO03

j059

jl14

j157

j018

stdb8-2

j143

j148

jO04

j078

j041

jO02

j080

j159
‘;,$0(

jO08

stdb8-3

9 1 std o stdb9-1

Values are in Parts Per Million (ppm)
Al B Er La Nd Si Sr

<0.200 <0.180 <0.100 0.24 <0,180 0.509 0.156
<0.200 <0.180 <0,100 0.291 0.196 0.736 0.166
<0.200 <0.180 <0.100 0.195 <0.180 0,516 0.211
<0,200 <0,180 <0.100 0.247 <0.180 0.488 0.149
<0.200 <0.180 <0.100 0.129 <0.180 0.616 0.167
<0.200 <0.180 <0.100 0.139 <0.180 0.747 0,151

3.94 20 <0.100 0.127 0,183 52.1 0.053
4.12 22.5 <0.100 0,124 <0.180 53.4 <0.01(

<0.200 0.431 <0.100 0,24 <0.180 0.866 0.164
<0.200 0.377 0.147 0.43 0.277 0.899 0,134
<0.200 0.502 <0.100 0.207 <0.180 0.699 0.257
<0.200 0.305 <0.100 0.252 <0.180 0.705 0.172
<0.200 0.27 0.169 0.466 0.278 0.651 0.143
<0.200 0.222 <0.100 0.11 <0.180 0.529 0.117
<0.200 0.357 <0.100 0.255 <0.180 0.859 0.218
<0.200 0.336 0.103 0.2 <0.180 0.487 0.204
<0.200 0.256 0.101 0.175 <0.180 0.592 0.154
3.95 21 <0.100 0,128 <0.180 52.6 <0.OIC

<0.200 0.485 <0.100 0.169 <0.180 1,03 0.133
0.206 <0.180 <0.100 0.14 <0.180 0.665 0.115

<0.200 0.748 <0.100 0.283 <0,180 0.588 0.126
<0,200 0.379 0,103 0.256 <0.180 0.456 0,112
<0.200 0,324 <0.100 0.251 <0.180 0.415 0.097
<0.200 0.406 <0.100 0.204 <0.180 0.652 0.194
0.208 0,263 <0.100 0,117 <0.180 1.04 0.127
<0.200 0,275 <0.100 0.291 <0,180 0.752 0,164

.. .,.,,.., .... .. ~x. . .. . . ,.

<o*lW~%33$?ftoii~ o~32jF‘ <6:180 0:842,“ W268,,,,.4,W,,+,.j, >;~.:~ /..:./,,..,*., ,,,:,:.,,.-,.,,.,
3.4

,,,.A!
12.8 0.105 0,12 <0,180 42.5 0.019

4.04 21.7 <0,100 0.128 <0.180 50,7 <0.010

4.05 21.2 <0.100 <0.100 <0.180 51 <0.010

WSRC-TR-99-O0393
Revision O

Values have been adjusted for dilution factor of 1.6667.

Al(ppm) B (ppm) Er (ppm) La (ppm) Nd (ppm) Si (ppm) Sr @pm)
0.167 0.150 0.083 0.400 0.150 0.848 0.260
0.167 0.150 0.083 0.485 0.327 1.227 0.277
0.167 0.150 0.083 0.325 0.150 0.860 0.352
0.167 0.150 0.083 0.412 0.150 0.813 0.248
0.167 0.150 0.083 0.215 0.150 1.027 0.278
0.167 0.150 0.083 0.232 0.150 1.245 0.252
3.940 20.000 0.050 0.127 0.183 52.100 0.053

4.120 22.500 0!050 0.124 0.090 53.400 0.005

0.167 0.718

0.167 0.628

0.167 0.837

0.167 0.508

0.167 0.450

0.167 0.370

0.167 0.595

0.167 0.560

0.167 0.427

3,950 21.000

0.167 0.808

0.343 0.150

0.167 1.247

0.167 0.632

0.167 0.540

0.167 0.677

0.347 0.438

0.167 0.458
.,:p;fr7: .,. ,:,’.o.55~~:..

. ...:.
5.667 21,334

4.040 21.700

0.083
0.245
0.083
0.083
0.282
0.083
0.083
0.172
0.168
0.050
0.083
0.083‘
0.083
0,172
0.083
0.083
0.083
0.083

‘ J’ow
,,.!

0.175

0.050

0.400

0.717

0.345

0.420

0.777

0.183

0.425

0.333

0.292

0.128

0.282

0.233

0.472

0.427

0.418

0.340

0.195

0.485

g<5@

O.ioo

0.128

0.150 1.443

0.462 1.498

0.150 1.165

0.150 1.175

0.463 1.085

0,150 0.882

0.150 1.432

0.150 0.812
0.150 0.987

0,090 52,600

0.150 1.717

0.150 1.108

0.150 0,980

0,150 I 0,760

0.150 0.692

0.150 1.087

0.150 1.733

0.150 1.253

0,1,50, 1.403

0.150 ,70.835

0.090 50.700

0.273

0.223

0.428

0.287

0.238

0.195

0.363

0.340

0.257

0.005

0.222

0.192

0.210

0.187

0.162

0.323

0.212

0.273

g;g~<$

0.032

0.005

4.050 21.200 0.050 0.050 0.090 51.000 0.005

1



Appendix C
Table C. 1: Measured Concentrations in PCT Leachate Solutions
(corrected for dilution factor and blanks)

Block Seuuence Glass ID GIass # Lab ID.
9 2 AC2-06 jl19

9 3
9 4
9 5
9 6
9 7
9 8
9 9
9 10
9 11
9 12
9 13
9 14
9 15
9 16
9 17
9 18
9 19
9 20
9 21
9 22

AC2-45

AC2-42

AC2-33

AC2-51

AC2-27

AC2-36

AC2-12

AC2-54

std

AC2-03

AC2-24

AC2-15

AC2-48

‘~C2-30

AC2-39

AC2- 18

AC2-2 1

AC2-09

std

6
45
42
33
51
27
36
12
54
0
3
24
15
101
48
30
39
18
21
9
0

j049

j046

j155

j100

j075

j134

j034

j128

stdb9-2

jO05

j168

j065

j107

j092
~..

J081, ~

j167

j127

j096

jO17

stdb9-3

Values are in Parts Per Million (ppm)

Al B Er La Nd Si Sr

<0.200 <0.180 <0.100 0.271 <0.180 0.633 0.049

<0.200 0.218 <0.100 0.117 <0.180 0.841 0.152

<0.200 0.27 <0.100 0.139 <0.180 1.07 0.17

<0.200 <0.180 <0.100 0.159 <0.180 0.74 0.105

0.418 0.539 0.192 0.259 <0.180 2.89 0.08

<0.200 <0,180 <0.100 0.143 <0.180 0.928 0.108

<0.200 <0.180 <0.100 0.143 <0.180 0.672 0.071

<0.200 <0.180 <0.100 0.171 <0.180 0.863 0.097

0.216 <0.180 <0.100 0.298 <0.180 0.936 0.105

3.92 21.9 <0.100 <0.100 <0.180 52 <0.010

<0.200 0.436 <0.100 0.109 <0.180 0.726 0.17

<0.200 <0.180 <0.100 0.186 <0.180 0.59 0.029

<0.200 <0.180 <0.100 0.185 <0.180 0.876 0.046

3.06 12.7 <0.100 <0.100 <0.180 41.2 cO.O1O
<0.200 0.356 <0.100 0.21 <0.180 0.946 0.139

<ti~~. ;O:~56‘ <0.1’@ .0.249 c0,18@ 0.8,8 ~ 0,147.,, .
<0.200 <0.180 <0.100 0.122 <0. ~80 0,637 0.053

<0.200 <0.180 <0.100 0.125 <0.180 0.679 0.08

0.205 0.373 <0,100 0.174 <0.180 0.94 0.247

<0.200 <0.180 <0.100 0.146 <0.180 0.637 0.045

3.99 21.4 <0.100 <0.100 <0.180 50 <0.010

WSRC-TR-99-O0393
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Values have been adjusted for dilution factor of 1.6667.

M (ppm) B (ppm) Er (ppm) La (ppm) Nd (ppm) Si (ppm) Sr (ppm)

0.167 0.150 0.083 0.452 0.150 1.055 0.082

0.167 0.363 0.083 0.195 0.150 1.402 0.253

0.167 0.450 0.083 0.232 0.150 1.783 0.283

0.167 0.150 0.083 0.265 0.150 1.233 0.175

0.697 0.898 0.320 0.432 0.150 4.817 0.133

0.167 0.150 0.083 0.238 0.150 1.547 0.180

0.167 0.150 0.083 0.238 0.150 1.120 0.118

0.167 0.150 0.083 0.285 0.150 1.438 0.162

0.360 0.150 0.083 0.497 0.150 1.560 0.175

3.920 21.900 0.050 0.050 0.090 52.000 0.005

0.167 0.727 0.083 0.182 0.150 1.210 0.283

0.167 0.150 0.083 0.310 0.150 0.983 0.048

0.167 0.150 0.083 0.308 0.150 1.460 0.077

5.100 21.167 0.083 0.083 0.150 68.668 0.008

0.167 0.593 0.083 0.350 0.150 1.577 0.232

0,167 0.427 0.d83 0.415 0.150 1.467 ,.(jjf~$y>$.
./!!*\\,..:.+.

0.167 0.150 “0.083 0.203 0.150 1.062 0.088

0.167 0.150 0.083 0.208 0.150 1.132 0.133

0.342 0.622 0.083 0.290 0.150 1.567 0.412

0.167 0.150 0.083 0.243 0.150 1.062 0.075

3.990 21.400 0.050 0.050 0.090 50.000 0.005

\
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Appendix C
Exhibit C. 1: PCT Leachate Concentrations Plotted by Glass Number
(O- Solution Standard; 101- ARM; 102- EA; 999- blank) .
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Appendix C WSRC-TR-99-O0393
Exhibit C.3: Measurements ~f the Solution Standard Revision O

4“2”~
4.100

4,DDD

~ 3.9DD
n.

q 3.t3DD

3.7DD1 x

3,6DD
I

1 I I I 1 i I
1

I

2 3 4 5 6 7 8 9

RIati

Source
Model
Error
C Total

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
DF Sum of Squares

8 0.08560000
18 0.11186667
26 0.19746667

Means for Oneway Anova
Level Number Mean
1 3 3.97333
2 3 3.92000
3 3 3.98000
4 3 3.83000
5 3 3.98333
6 3 4.01000
7 3 3.96000
8 3 4.03667
9 3 3.98667

Std Error uses a pooled estimate of error variance

—

0.433491
0.181709
0.078834
3.964444

27

Mean Square
0.010700
0.006215
0.007595

Std Error
0.04551
0.04551
0.04551
0.04551
0.04551
0.04551
0.04551
0.04551
0.04551

F Ratio
1.7217

Prob>F
0.1611

. -. .— —



Appendix C WSRC-TR-99-O0393
Exhibit C.3: Measurements of the Solution Standard Revision O

B (ppm) By Block1
23.0

2’2.5

22.D

21.5
s
s 21.0
al

20.5

20.0

19.5

Source
Model
Error
C Total

1 2 3 4 5 6 1 8 9

13kck

Oneway Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
DF Sum of Squares

8 6.514074
18 4.706667
26 11.220741

Means for Oneway Anova
Level Number Mean
1 3 21.2333
2 3 20.7667
3 3 20.3000
4 3 21.9000
5 3 20.7000
6 3 21.0333
7 3 20.9000
8 3 21.7333
9 3 21.5000

Std Error uses a pooled estimate of error variance

—

0.580539
0.394111
0.511353
21.11852

27

Mean Square
0.814259
0.261481
0.431567

Std Error
0.29523
0.29523
0.29523
0.29523
0.29523
0.29523
0.29523
0.29523
0.29523

.—

F Ratio
3.1140

Prob>F
0.0216



Appendix C WSRC-TR-99-O0393
Exhibit C.3: Measurements of the Solution Standard Revision O

—
Si (ppm) By Block

54 I I

I
53

52

50

I w%’

A x .- x

49

I

I
1

I
w

I I I I I 1 1 I

1 2 3 4 5 6 1 8 9

alcd

Source
Model
Error
C Total

One-way Anova
Summary of Fit

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
DF Sum of Squares

8 14.806667
18 18.860000
26 33.666667

- Level
1
2
3
4
5
6
7
8
9

Means for Oneway Anova
Number Mean

3 51.1667
3 50.2000
3 50.4667
3 52.4000
3 51.7333
3 52.0667
3 51.8333
3 52.2333
3 51.0000

Std Error uses a pooled estimate of error variance

—-

0.439802
0.190825

1.02361
51.45556

27

Mean Square
1.85083
1.04778
1.29487

Std Error
0.59098
0.59098
0.59098
0.59098
0.59098
0.59098
0.59098
0.59098
0.59098

F Ratio
1.7664

Prob>F
0.1505

-.. -. .,---..,. , ,.,.,?-,- - - ., -=. .,~<=..., .- ...--r -- -. - ~ ,- . . ....mr ----- . .%--- . - ..
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Appendix C
Exhibit C.3: Measurements of the Solution Standard

Sr (ppm) By Block

0.07

0.06

e

x_

D.D5

@

x
x

x
0.04

z
s D.D3
&l : e

D.D2

O.DI
x

0.DD 1 I I 1

2 6 7

I Eld

Source
Model
Error
C Total

Oneway Anova
Summary of Flt

RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance
DF Sum of Squares

8 0.01037674
18 0.00105267
26 0.01142941

Means for Oneway Anova
Level Number Mean
1 3 0.005000
2 3 0.031000
3 3 0.005000
4 3 0.005000
5 3 0.005000
6 3 0.045000
7 3 0.057333
8 3 0.005000
9 3 0.005000

Std Error uses a pooled estimate of error variance

—

0.907898
0.866964
0.007647
0.018148

27

Mean Square
0.001297
0.000058
0.000440

Std Error
0.00442
0.00442
0.00442
0.00442
0.00442
0.00442
0.00442
0.00442
0.00442

..—- 1

F Ratio
22.1795
Prob>F

<.0001

.



Appendix C WSRC-TR-99-O0393
Exhibit C.4 Summary of Information for Mwurements of Solution Standard Revision O

.

--

Results of Standard Solution Measurements

Block N ROWS AI (ppm) B (ppm) Si (ppm)
1 3 3.9733 21.233 51.167
2 3 3.92 20.767 50.2
3 3 3.98 20.3 50.467
4 3 3.83 21.9 52.4
5 3 3.9833 20.7 51.733
6 3 4.01 21.033 52.067
7 3 3.96 20.9 51.833
8 3 4.0367 21.733 52.233
9 3 3.9867 21.5 51

Avg 3.964 21.119 51.456
Ref Value 4 20 50
% Diff -0.9% 5.6% 2.9%

—

. ---- ... - —. .. —---- .—— . . .-. -.
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Appendix C
Exhibit C.5: Normalized PCT Releases versus Lnz03 Content
(Measured Compositions [me] and Target Compositions [tc])

log NLIA1] (g/L) mc By
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Appendix C
Exhibit C.5: Normalized PCT Releases versus Lnz03 Content
(Measured Compositions [me] and Target Compositions [tc])
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Appendix C
Exhibit C.5: Normalized PCT Releases versus Ln203 Content
(Measured Compositions [me] and Target Compositions [tc])
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log NL[Sr] (g/L) mc By
Sum of Lanthanides

-1.6

-1,1

-2.3

m

u
{0 15 SO 55 60 6S ;

Su-ndloiiuik

log NL[Sr] (~) mc By
Sum of Lanthanides (t)

-1.5

-1.6

-1.1

~ -1.B

~ -1.9

-2.2

-i!,3L
{O 15 50 55 60 65 70

Sundl.rdtrn&ti

WSRC-TR-99-O0393
Revision O

...-

log NLIA1] (g/L) tc By
Sum of Lanthanides

-1.8

-1.9-
.

-2.0-

-?.1-

S? -1.2- m

g -?.3 -

3, -?.1 –

!2

x

g -?.5-
4

. . .
-2.6-

-m Am. mm- .
,.

.

-1.1-
*IS:. ●

n Ilk% .8 mu

-2.8 I , I I , I I
{0 iS 50 55 60 65 /0

Sundluttuda
—

log NLIAI] (g/L) tc By
Sum of Lanthanides (t)

-1.8

-1.9-
.

-2.0-

-2.1-

2 -2.2- .

g -?.3-

z -?.1- x
2
~ -2.s -

+

-2.6-
. e . . h

.. .x ..=
m

-2.1-
‘+

m S,*: mm.9
-2.1 , 1 1 , I I 1 ,

{0 IS 50 S5 60 65 70

Sundlutlmikti

,,.- ...- .-”— — . ..-. .-. .,— . . ..—. — —.



,,
...

.

Appendix C
Exhibit C.5: Normalized PCT Releases versus LnzO~Content
(Measured Compositions [me] and Target Compositions [tc])

log NL~] (g/L) tc By
Sum of Lanthanides

-1.{1 ..
-1.6

, “.x,.

. .
s

‘.

-2.{i
I .

-1.6 1 1 t I I I
{0 {5 SO S5 60 6S 10

sund Ml&

Iog NL[B] Q/L) tc By
Sum of Lanthanides (t)

-1.1

1

*
.

-1.6
.

m
.

‘. x

m

-?.6 I [ I I i I

WSRC-TR-99-O0393
Revision O

---- -

log ~L[Er] (g/L) tc By
Sum of Lanthanides

-2.3

-2.{

-2.5

,
.’ .-. . .

. .m. .,

.
.

x
n fan”

-2.9- . . . . .
.

. mm. .

-3.0 I I 1 i I
{0 IS 50 55 60 65 1

sund hn!tuik
.

log IWJEr] (g/L) tc By
Sum of Lanthanides (t)

. . . . . .
. .

=X
n

+

-?.91 ......
m.. .

sund hltkri&(t)



.

Appendix C
Exhibit C.5: Normalized PCT Releases versus Ln203 Content
(Measured Compositions [me] and Target Compositions [tc])
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Appendix C
Exhibit C.6: Normalized PCT Releases for the Duplicate Glasses
(Measured Compositions [me] and Target Compositions [tc])
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Exhibit C.6: Normalized PCT Releases for the Duplicate Glasses Revision O
(Measured @repositions [me] and Target Compo~itions [tc])
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Exhibit C.6: Normalized PCT Releases for the Duplicate Glasses Revision O
(Measured Compositions [me] and Target Compositions [tc])
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Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-01
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

@&) (~fi~) @fi=&) (~fi=$) @;5~) $~y) @:9&) Q@ti) @@J (W@-) (14i@J-J (P@rJ-)0.25 0,2509 13.5 12.9 5.11 2.33 3.82
0.50 0.2508 127 46:8 41:8 45:7 10,6 2,70 6:09 43.9 40,4 13.3 7.59 2,80
1.00 0.2507 241 89,0 78.8 89.8 20.6 5.59 11.9 85.3 81.9 25.0 14.8 1.17
2.00 0.2501 247 94.5 80.0 ~ 88.4 20.8 5.30 12.4 86.6 79.4 26.8 15.3 0.539
4.00 0.2507 253 92.5 82.0 90.2 20.9 5.52 12.1 89.1 84.0 25.6 15.1 0.678——.—.——.—. —.—- ..— —

AC2-02
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~gy) (~fi~) @:8~) @g~) @;7y) $~~) @:9& Q@ti) Q@mL) o-@mL) (M@-) (Pi#mL)0.25 0.2502 4.38 14.4 5.49 1.98 3.07
0.50 0,2502 125 45:8 39.0 49:3 10.9 2.78 16.0 16.6 58.1 18.3 7.44 2.07
0.50 (1) 117 16.8 15.8 50.3 24,2 6.56 14.2 15.4 54.9 12.3 10.1 2.92
0.50 (1) 122 17.3 15.0 49.8 24.0 6.53 14.6 15.9 53.2 12.7 10.3 3.00
1.00 0.2507 244 91.2 77.1 98.7 21.4 5.41 31.2 33.6 111 36,4 14.6 1.20
2.00 0.2502 250 89,8 78.2 103 21,6 5.57 31.8 34.8 115 37,5 15.4 0.796
4,00 0.2504 246 92.8 79.7 102 23.2 5.60 31.4 34.5 116 37.1 15.1 0.738

(1) Duplicate Analysis of 0.50 hr Sample —-

1

Sample
Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (W&) (W&L) (P:6~) (W#) (P;9~) (vf8~) (I.@ ) (14@L) (P@-Q (1-@m-L) (1.V@.L) (1.@m-L)
0.25 0.2504 Y1. 1 4.62 11.2 5,36 3.02 3.24
0.50 0.2508 124 46:0 20.8 101 li.o 7:10 6.23 17.0 41.7 18.3 10.8 2.54
1.00 0.2510 238 89.3 40.6 197 21.2 13.8 12.3 33.3 83.4 36.2 21.6 1.07
2.00 0.2510 236 89.1 41.0 201 21.2 13.6 12.2 33.2 82,1 35.9 21.1 0.840
4.00 0.2507 248 89.4 41.4 208 21.1 14.0 12.3 34.1 82.9 37.4 20.7 0.871



Appendix D WSRC-TR-99-O0393
Table D.1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-04
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (P:?) (P:oy) (Pg~) (I%&) (1.l~n$) (Pfoy) (W&L) (p:2y) (f.lg/mL) Q@n.L) (f.lg/mL) (f.lgAnL)
0.25 0.2509 15.5 5.78 4.22 2.93
0.50 0.2509 173 24.6 51:9 136 37:3 4:03 20.9 23.4 57.0 19.6 15.3 2.05
1.00 0.2507 235 34.8 71.1 194 52.0 5.49 29.6 32.1 81.1 28.8 21.4 0.747
2.00 0.2507 235 35.0 72.3 192 53.5 5.55 30.0 32.5 81.9 28.1 21.2 0.710
4.00 0.2507 234 35.3 70.7 192 52.8 5.54 30.0 33.7 82.4 27.4 21.5 0.679

AC2-05
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr
(hr) (g) (W&L) (P:3&) (Py8:) (Pgy) (1$/2&) (1.1f5~) (P:5~) (py9y) (W&L) (@nL) (pg/mL) (p:k)
0.25 0.2505 3.87 2.42 4.53
0.50 0.2506 116 1;.1 15.3 48:0 24.4 6:48 14.0 15.5 54:3 11.4 10.1 2.23
1.00 0.2506 250 36.3 32.1 107 51.6 14.2 29.4 32.5 112 25.8 21.7 1.28
2.00 0.2504 256 35.4 33.1 109 52.6 14.4 30.3 35.3 118 27.3 21.3 0.799
4.00 0.2504 255 37.0 32.4 102 51.6 14.0 30!0 34.6 119 25.8 21,2 0.778

AC2-06
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (I@&) (P:7:) (Pg4y) (I%& (Pf7~) (I&&) (P;2~) (Pg~) (pg/mL) (@llL) (@nL) (pg/mL)
0.25 0,2502 15!4 7.85 2.77 3.04
0.50 0.2510 159 24,0 22.2 11+ 34.3 3.52

1
7:0 54:7 52.6 25.3 10.1 2.09

1.00 0.2505 234 35:3 33,5 181 50.6 5.15 118 83.7 78.2 36.3 14,5 0.853
2.00 0,2505 238 36.2 33.9 180 52.3 5!31 11,8 82.8 80.5 36.3 14.7 0.581
4.00 0.2506 236 35,9 34,0 176 50.6 5.27 11.8 84.6 79.8 36.0 14.6 0.531

{
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AC2-07
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~fl~) (~;oy) @& (~:~) (~yo:) (~:o~) @:8~) (P:%) @~@ Q@rJ-J (I@-@ 04@-L)0.25 0.2510 15.3 4,31 2.12 3.90
0.50 0.2504 108 16.0 14.2 49:6 8:92 6:17 5:72 36;5 50.6 12.6 6.72 2.77
1.00 0.2510 222 34.7 30.4 102 19.6 13.0 12.5 80.7 111 26.6 14.5 1.16
2,00 0.250!3 245 36.5 32.6 109 20.6 14.0 13.1 87.0 117 28,7 14.9 0.567
4.00 0,2506 240 36.2 32.2 108 20.2 14,4 12.6 84.1 112 27.8 14.7 0.661

AC2-08
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr “
(hr)

j g)w (~gy) (~fi~) @y7y) (~fy) (~:oy) @:7y) @p6y) @:2y) Q@m) Q@w) @f@-J (P;~)0.25 14.2 3.94 2.87 5.05
0.50 0:2507 90:0 42:0 35.5 40:8 24.4 6:34 5:66 15.1 50,7 12.1 9.55 2.75
1.00 0.2506 182 84.2 71.4 83.7 50.7 12.4 11,3 31.6 103 22.8 19.4 1.27
2.00 0,2508 195 87,1 75,3 86.6 55.7 13.6 12.1 32.8 110 24.6 19.8 1.14
4.00 0.2508 192 90.1 75.2 87.0 54.0 13.5 12,0 33.8 109 24.0 20.1 0.733—.— —. ———.. — ——.

AC2-09
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr ‘ Si
(hr) (g) (P~y) (Pfiy) (Hfil$) (I%&) (Pf3;) (P;2y) (P#oy) (Pfiy) (W& (P@L) (PdmL) (1’@’nL)
0.25 0.2510 4.77 2.48 2.83
0.50 0,2510 12”1 54:7 47:4 78:8 3i.4 8:34 18.4 50:5 48:4 16,5 9.06 2.47
1.00 0.2508 200 91,4 77.3 128 52,6 13.5 30.3 83.6 80.7 27.3 15.1 1.19
2.00 0.2504 199 89.8 79.1 133 53.7 14.0 31!0 82.4 81.1 25.8 15.3 0.863
4.00 0.2506 202 88.6 80.5 134 54.0 14.0 30.9 84.6 80,0 27.6 15.4 0.080

_-. .
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Table D.1 Elemental Analysis of Dissolved SrABS Glasses Revision O

,.
.,.

,.”

ALL-lU

.>

Sample
Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (llgr&) (Pflr$) (Pf3y) (11:~) (Pg7#) (1$/&) (f.l@lL) (1.lfiy) (pghnL) (@nL) (f.lg/mL) (f.lg/mL)
0.25 0.2502 4.01 9.64 5.84 2.79 5.55
0.25 (1) 26:8 12:4 6:03 11:8 7:13 0:679 4.43 11:8 10.8 6.18 2.95 7.68
0.25 (1) 25,8 12.0 5.94 11.2 7.19 0.721 4.23 11.7 10.6 5.64 2.80 6.72
0.50 0.2507 71.3 31.6 15.6 29,2 20.2 1.89 11.3 31.7 28.6 15.0 7.50 3.57
1.00 0.2508 164 76.7 36.7 68.7 45.9 4.40 26.8 72.0 68.0 30.2 18.0 1.14
2.00 0.2510 192 92.1 41.1 84.0 55.6 5.44 31.5 87.1 76.8 37.9 20.4 0.943
4.00 0.2501 185 94.9 40.4 82.3 54.3 5.26 31.4 86.3 77.7 38.3 21.1 0.879

(1) Duplicate Analysis of 0.25 hr Sample

I

‘“).,

AU-1 1

Sample
Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (P~~) (P#5L) (P$:L) (P&4L) (PI#7~) (P#&) (P:gL) (p~mL) (1-@IIJ-) (P@mL) (PNmL) (I@mL)
0.25 0.2505 4.86 16.9 3.86 2.18 2,60
0.50 0.2505 98:4 47:5 “21.1 10> 2+.7 2.85 6:24 18.5 62.4 13.9 7.96 2,59
1.00 0.2508 180 85.1 37,7 196 49.7 5.36 11,8 33.5 111 24.8 14.0 0.958
2.00 0.2510 190 89.5 41.1 201 51,5 5.46 12.4 33.9 116 25.2 14,8 0.556
2.00 (1) “ 190 88.2 41,4 210 53.8 5.56 12.0 33.7 111 25.3 14.8 0.754
2.00 (1) 198 90.2 38.6 189 54.0 5.6 13.2 33.6 112 28.1 15,3 0.846
4.00 0.2505 183 86.9 38.9 197 52.8 5.45 11.6 36.2 117 25.1 14.9 ‘ 0,646

(1) Duplicate Analysis of 2.00 hr Sample

I



Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-12
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~~~) @:6~) (~g~) (JJgy) @y9~) $%y) @y2~) @:9~) (~~~) @@Q @@mL) @@L)0.25 0.2507 15.3 5.19 4.05 6.21
0.50 0,2507 106 19.4 40:8 118 1’L3 2.98 6;74 “20.7 47.0 14.1 12.5 2.91
1.00 0.2505 173 32.3 64.6 199 19,7 5.01 10.7 34.4 77.6 22.6 20.1 1.09
2.00 0.2509 189 34,3 68.1 206 19.8 5,55 11,7 36.3 81.6 24.7 21.0 0.751
4.00 0.2508 187 34.4 69.1 215 20.5 5.54 12.1 37.4 83.5 24,7 20.6 0.735... .-——

AC2-13
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~g~) @:27) @:6~) (~g~) (~gy) ($~~) @f3~) (~~~) (J-@fi) (I-@-J-J (Pi#mL) (K@-J-J0.25 0.2505 4.01 13.4 4.97 1.78 4.30
0.50 0.2505 78:8 14.1 29.3 46;2 20.8 2.17 4:84 13.8 46.0 15.0 6.00 2.35
1.00 0.2508 163 29.9 62.1 100 44.8 4.62 10.2 28.1 95.4 31.6 12.8 1.28
1.00 (1) 168 30.5 62,9 101 44,0 4.52 10,4 28.4 99.4 31.2 12.8 1.75
1.00 (1) 169 30.2 64.4 102 45.2 4,50 10,2 28.5 99.4 31,7 12,6 1.91
2.00 0.2507 188 35.3 74.4 119 51.6 5,30 11.9 33.1 114 35,9 15.1 0.857
4,00 0.2505 189 35.7 74.2 119 50.9 5.50 11.7 32,1 114 34.3 15.0 0.825

(1) Duplicate Analysis of 1.00 hr Sample

AC2-14
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr
(hr) (g) (Pfiy) (P$y) (P:9&) (P~~) (P:3y) (Py6y) (Pf4 ) (w;3~) (P:~) (PdmL) (W@L) (P;k)
0.25 0.2510 ? 4.31 2.57 2,89
0.50 0.2508 85:1 15.1 29.9 61:0 8:72 5:99 5:45 3;.2 46:9 17.4 9.31 3.59

, 1.00 0.2507 194 35.3 69.1 144 19.7 14.0 12.9 85.4 111 39,2 20.5 1.32
2.00 0.2507 195 35.0 67.6 144 20,9 13.7 12.9 86.0 111 38.6 20.9 0.984
4.00 0,2509 194 36.3 72.5 147 20.6 14.2 12,8 85.7 116 40.0 21.6 1.09

I
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Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-15

Time
(hr)
0.25
0.25
0.25
0.50
1.00
2.00
4.00

Sample
Mass
(g)

0.2510
(1)
(1)

0.2511
0.2510
0.2508
0.2503

La

(1-lg~)

28:7
26.3
95.9
181
198
194

Ce

(P:8&)

5:31
5.03
17.4
32.6
36.0
36.4

Pr

(P:3&)

5:09
4,58
16.1
29.5
32.5
32.1

Nd

(Pgy)

33:7
29.8
98.9
190
200
209

Sm

(P;9#-)

3:30
2.89
10.6
19.5
20.8
21.7

Eu

(P:9&)

2:04
1.90
6.87
12.5
13.4
13.7

Gd Er Al B Sr

(Pfoy) (P:5~) (P&) Q@nL) (Pd~)
5.43 2.08

4:44 5:08 12:4 6.08 2.32
4.30 4.60 11.5 5.38 2.13
15.5 16.1 39.7 19.2 7.27
27.8 30.2 74.9 36.1 13.9
30,2 32.4 78.8 38.1 14.8
30.4 32.8 82.0 38.6 14.7

Si

(P:7~)

5:86
4.65
2.83
1.46
1.16
1.02

(1) Duplicate Analysis of 0.25 hr Sample

AC2- 16
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (M&L) (P:9&) (l@lL) (1%#) (ll;3~) ((g//) (wy6y) (ll;5y) (J-@nL) (pg/mL) (pg/mL) (J.lg/mL)
0.25 0.2508 12.5 3,68 2.52 3.86
0,25 (1) 27:0 4:96 4,49 29:4 3:10 0:720 4:12 1’1.4 15.1 3,87 2.85 6.00
0.25 (1) 26.4 5.09 4.42 29.4 2.99 0.711 4.16 11.3 14.8 3.50 2.91 5.94
0.50 0.2510 82.1 15.8 14.1 87,4 8.78 2,45 13,8 36.1 48.0 12.3 9.11 2.83
1.00 0.2506 188 35.5 32.2 210 20.2 5.48 31,2 82.8 115 26.5 20.0, 1.29
2.00 0.2505 196 35.9 31,9 204 20,3 5.80 32.5 86.0 118 29,0 20.7 ~ 1!17
4.00 0.2510 193 36.5 32.3 211 20,3 5.72 32.0 86.3 114 28.3 21.2 0.962

(1) Duplicate Analysis of 0.25 hr Sample

I



Appendix D WSRC-TR-99-O0393
Table D, 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2- 17
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (Pfoy) (I%&) (W& (1%#) (P~x& (ll:7y) (Pfiy) (P~~) (@n.L) (pg/mL) (@-nL.) (pg/mL)
0.25 0,2507 45.6 14.7 8.74 2.98
0.50 0.2509 119 33:0 30:2 76:4 19:7 5:18 11:7 32:0 50.3 17.7 9.96 2.37
1.00 0.2506 214 62.0 55.3 142 36.2 9.60 21.0 58.2 93.6 31.4 17.5 1.31
2.00 0.2509 222 61,1 55.1 143 37.0 9,72 20.8 58.3 93.6 31.0 17.9 0.678
4.00 0.2506 221 62,8 55.7 144 37.3 9,80 21.7 62.2 93.9 32.7 18.3 0.586

AC2- 18
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(h) (g) (I%#&) (Pg~) (Pf6~) (W&) (W&L) (P:5~) (Pyo~) (Py6~) (pg/mL) (pg/mL) (pgAnL) (pgAnL)
0.25 0.2505 17.0 6.05 4.78 3.41
0.50 0.2505 110 62:4 24.2 14; 38:7 9:99 5:85 14.9 47.3 16.8 13.4 2.54
1.00 0.2507 178 109 39.2 253 60.8 17.0 9.83 24.9 80.9 25.5 21.8 0.518
2.00 0.2506 174 106 39.4 245 61.1 16.5 9.71 25.5 79.4 27,1 21.1 0.478
4.00 0.2510 180 105 39.7 245 60,8 16.7 9.70 24.8 80,7 26.3 21.1 0.506

AC2-19
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr ‘ Si
(hr) (g) (K&L) (P~y) (P:9&) (Pf2y) (P::) (~~m# (P:2~) (P~y) (p@lL) (pg/mL) (pg/mL) (pg/mL)
0.25 0,2507 10.2 5.81 2.85 3.74
0.50 0.2507 128 50:8 19.0 3i.6 ND i.68 4:72 48:9 39.9 20,7 10.9 2.26
1.00 0.2502 271 98.3 35.6 61.7 15.3 3,25 92.1 78.1 36.2 20.9 1.21
2.00 0.2510 262 102 37.5 64.0 16.5 3.26 ;:$ 94.4 80,5 38.2 20.9 0.973
4.00 0.2512 287 103 38.4 61.2 16.2 3.28 9.28 95.5 82,1 39.0 20.8 1$00
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Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-23
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (P3:) (P:2V) (Pgr$) (Pg#n# (IW& (&/) (v:4&) Q@nL) Q@n.L) (pg/mL) (pgAnL) (pg/mL)
0.25 0.2514 4,19 18.1 4.85 3.36 3.60
0.50 0,2510 143 14.6 41:9 104 8:68 i.94 4:96 14.6 62.4 16.6 11.5 3.79
1.00 0,2508 254 24.7 76.1 189 14.7 3!41 9.00 25.2 112 26.7 20.5 0.687
2.00 0.2512 250 25,1 79.1 178 15.2 3,54 9.18 26.5 109 28.6 20.7 0.771
4.00 0.2505 249 25.3 76.6 191 _ 15.6 3,59 9.19 26.4 114 28.3 21.4 0!750

AC2-24

Sample
Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~g~) (~fy) @:7y) (~~y) @:5&) $~~) @:5~) @y#-) @@Q Q@-Q Q%@L) (I@-Q0.25 0.2510 12.1 5.75 2.37 3.14
0.50 0.2510 130 13.7 13.1 130 8:36 “1.87 17.8 20.3 41.4 19.1 7.59 2.59
1.00 0,2505 249 25.7 23.6 253 16.1 3.56 33.6 37,1 80.0 35.3 14.1 1.08
2.00 0,2505 252 25.4 24,2 248 16.2 3.58 34.6 38,1 79.4 35.3 14.9 0.867
4.00 0.2509 257 25.3 24.2 247 16.1 3.41 342 37.0 77.5 34.9 14.1 0.718,—— .... .. ——-... ......... . ...—..

AC2-25
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr ‘ Si
(hr) (g) (Pfi~) (lJy4y) (vf&) (P:~) (Pfi:) (P:5y) (P;6:) (11~~) (Pfiy) (IQ@L) (I@nL) (1-%@J)
0.25 0.2505 5.06 3.51 4.80
0.50 0.2504 125 12,4 12.5 51:2 31:0 7:51 1;.0 48:8 54:1 13.1 10.3 2.89
1.00 0.2509 254 26.3 26.4 107 63.6 15.5 34.3 94.8 115 26,1 21.0 1.18
2.00 0.2507 255 27.2 27.3 105 63.2 15.7 33{9 98.1 115 26,5 20.8 1.00
4,00 0.2505 250 25,6 25.6 105 62.2 15.7 34.0 97.9 114 26,8 21.1 1.24

,
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Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

Sample
Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~g~) @:9~) (~g~) (~~y) @;5& ${:) @f4&) (~~~) @g/mL) Q@nL) (I-Q@=) (1.@nL)0.25 0.2502 14.9 12.0 6.94 2.45 3.35
0.50 0.2503 86:3 12.5 39:3 88:8 29.2 i.62 4:22 46.7 37.0 19.3 7.47 2.13
1,00 0.2510 171 24.6 81.1 182 59.0 3.20 8.28 96.1 75.6 36.5 15.5 0.825
2.00 0.2506 170 25.2 80.9 184 60.8 3.34 8.38 95.6 76.1 38.2 16.1 0.393
2.00 (1) 175 27.3 79.7 194 60.1 3,47 9.63 103 82.0 36.8 15.4 0.500
2.00 (1) 174 24.6 77.0 180 59.6 3.37 8.51 102 75.6 37.0 15.3 0.377
4.00 0.2504 178 25.6 79.4 184 60.8 3.35 8,45 96.0 76.0 37.2 15.1 0.533

(1) Duplicate Analysis of 2.00 hr=le ..—.——... -—.—... - ....———. —.-— —-,-—-- ...—

AC2-30
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~j~) @:9~) (~gy) (~fi~) (~;g~) $~y) (~f~) @#3~) Q@@ @@L) (I@nJ-’) Q-@-Q0.25 0.2507 13.5 5.26 2.40 3.65
0.50 0.2504 112 26.3 23.8 62;3 15!3 3.74 8:72 24.9 52.4 17,0 9.65 2.95
0,50 (1) 115 27.1 24.3 66.5 16.8 4.07 8.74 25,9 53.2 17.4 10.1 4.43
0.50 (1) 115 26.9 23.2 65.4 15,4 3.86 9.12 25.9 54,2 17.1 9.97 4.48
1.00 0.2503 217 51.2 46.4 116 29.4 7.31 16.8 46.7 102 31.7 18.8 1,41
2.00 0.2507 224 52.0 48,9 123 31.3 7.62 17.8 50.1 104 33.0 19,5 1 0.994
4.00 0.2507 220 52.5 48,3 122 30,8 7.39 17.1 49.1 109 33.8 19.3 1.18

(1) Duplicate Analysis of 0.50 hr Sample
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Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-31
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (W#&) (Py3y) (P:4:) (ll~r& (1.l:&) (:g//) (W&r$) (pg/mL) (J.@&) (J.lg/mL) (pg/rnL) (pg/rnL)
0.25 0.2506 12.6 10.4 3.56 2.83 4.00
0.50 0.2509 80:1 li!6 li.5 89:8 6:95 ~.64 15.4 42,8 35.5 13.1 9.48 2.74
1.00 0.2504 161 24.2 23.2 192 14.3 3.26 31.4 86.7 73.5 24.1 19.0 1.56
2.00 0.2506 172 25.6 26.0 216 16.0 3.67 34.3 93.2 81.7 26.6 20.8 1.02
4.00 0.2504 172 25.7 25.5 212 16.0 3.52 34.0 97.1 80.5 27.3 20,9 0.906

AC2-32
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (Pgr&) (u&& (W&) (ll~y) (1.1y8~) (P:9y) (P:4’) (W&L) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2506 20.4 7.77 3.96 5.13
0.50 0.2509 116 34:7 31:4 73:4 20.9 5:32 “11.3 31:5 53.1 18,2 10.0 4.95
1.00 0.2506 204 62.4 56.3 131 37.4 9.76 20,7 57.8 96.7 33.0 18.1 1.06
2.00 0.2504 211 64.3 57.3 134 37.7 9.76 20,5 58.0 100 33.5 18.4 0.695
4.00 0.2504 213 64.5 56.5 137 37.9 9.62 21.0 58.8 98.3 33,5 18.7 0.74

AC2-33
Sample

Time Mass La cc Pr Nd Sm ELI Gd Er Al B Sr ‘ Si
(hr) (g) W$L) (P{8~) (Py4y) (I%JyJ (P:oy) (Pf2y) (Py8&) (P:o~) (pg/mL) (j.@nIJ (~g/mL) (pg/mL)
0.25 0.2509 13.5 4.84 2.67 3.55
0,50 0.2506 113 30.0 26.5 73:1 18.1 4:29 9:88 28.7 47.6 15.4 8.84 2.07
1.00 0.2510 213 56.4 49,8 141 33.1 8.14 18.7 53.1 90.8 29.0 16.8 1.13
2.00 0,2509 220 58,4 51,2 149 35,2 8.62 2ob 57,4 93,0 29,6 17.1 0.924
4,00 0.2504 224 58.4 52.3 148 34.8 8,58 19.5 57.6 92.4 30.4 17.4 0.712

1



Appendix D
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses

WSRC-TR-99-O0393
Revision O

AC2-34
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (W&L) (P;7~) (Py&) (P;r&) (1.q@n.L) (1.@mL) (pghnL) (pgAnL) (pghnL) (pg/mL) (pg/rnL) (/.@nL)
0.25 0.2507 4,20 1.01 2.52 7.29 15.1 5,75 2.72 3.87
0.50 0.2507 118 29.0 25.5 63:9 15.6 4.09 9.16 27.0 53.9 17.4 10.2 2.03
1.00 0,2504 224 52.7 50.2 120 29.4 7.92 17.8 50.8 106 32.6 19.6 0.886
2.00 0.2503 239 54.0 49,8 127 29,7 8,17 18.0 52.8 105 33.8 19.7 0.832
4.00 0.2506 226 57.0 50.2 131 29.7 8.68 18.4 51.6 110 33.3 19.5 0.735

AC2-35
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (P;?) (P;:) (W& (W&) (Pfir&) (P:/8~) (ll:6y) (l@nL) (J.lg/mL) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2507 24.8 37.4 12.8 7.28 3.29
0.50 0.2506 99:2 27:2 25:2 67:1 16:5 4:16 9:19 26.9 39.6 14.2 7.79 3.70
0.50 (1) 103 28.6 25.9 65.6 17.1 4.24 9.96 27.1 43.3 15.3 8.42 6.89
0.50 (1) 101 28.1 24.2 68.7 16.9 4,05 9.48 27.3 41.9 13.7 7.91 5.91
1.00 0.2508 197 58.4 50.2 142 33,2 8.16 18.9 55,9 82,5 27.5 15.6 1.44
2.00 0.2506 227 63.6 57,5 155 36.6 9.59 21.2 62.0 93.8 31,2 18.3 0.885
4.00 0.2507 222 64.1 55,2 154 ‘ 37.5 9.17 20.3 59,6 90.3 31.0 17.3 0.46

(1) Duplicate Analysis of 0.50 hr Sample

I

AC2-36
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (i%) (P~y) (Pf7~) (P:4~) (W&L) (P:2& (P:3y) (1-@nL) (Pg/7&) (W&L) (pgAnL) (@nL) (@n.L)
0.25 0.2510 3,115 5.68 2.60 3.81
0.50 0.2505 10; 30.2 2+,3 77:1 1;.5 4:53 10.7 28.9 43:4 13.5 8.20 3.30
1.00 0.2509 215 67.2 58,8 166 36.7 9.49 22.9 61.9 93.7 28,8 17.8 1.45
2.00 0.2505 212 65.7 58.3 161 37.3 9.63 22.8 62.9 93.7 28.8 16,7 0.634
4.00 0.2509 223 67.4 57.5 166 36.6 9.40 22.8 62.5 98.7 32.7 17.3 0.674

(
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Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-40
Sample

Time Mass La Ce Pr Nd Sm Eu Gd “ Er Al B Sr Si
(hr) (g) (Pg~) (Pfin-&) (Pfi~) (W#) (V$5;) (P:6&) (P;6m# (Pfiy) (pghnL) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2503 13.0 4.77 2.60 3.77
0.50 0.2505 135 44:6 40:2 105 2;.1 6:59 14.1 43:3 54,6 17,1 10.1 2.21
1.00 0.2502 213 71.7 62.5 171 40.6 10.3 23.7 67.9 84,4 26.6 15.5 0.978
2.00 0.2506 205 70.0 62.6 171 42.2 10.5 23.4 64.5 83.2 26.7 15.4 0.558
4.00 0.2509 219 71.0 64.0 168 43.2 10,8 24,2 69.0 86.3 27.0 15.9 0.536

AC2-41
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (P&) (Pfl& (W# (M&L) (P#6y) (P;2~) (Pg/4$#) (p:&) (pg/mL) (pg/mL) (pg/mL) (@-nL)
0.25 0,2509 18.4 6.00 3.56 3.23
0.50 0.2506 134 43:8 39:3 11“1 2;.7 6:51 15,5 43:9 52.9 16.5 9.82 2.26
1.00 0.2504 211 70.4 60.9 175 43,2 10.3 23.9 68,7 , 81.0 25.9 14.8 0.863
2.00 0.2506 211 70.8 63.0 171 43.3 10.4 23.7 68.7 83.3 25.6 15.2 0.596
4.00 0.2507 208 69,6 63.9 178 43.7 10.2 23.8 67,9 81.8 26,1 15.4 0.703
4.00 (1) 216 72.3 65.2 168 41.7 10.4 24.6 66,5 84.7 29.2 16.2 0.791
4.00 (1) 215 70.3 64.7 164 42.5 10.3 23.8 67.8 84.8 30.5 16.1 0.621

(1) Duplicate Analysis of 0,50 hr Sample——. .—..——..-.—..———.— ——... .—.———.. ..

AC2-42
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(h) (g) (Pfly) (Pf9& (P:9& (W&L) (u:9y) (Pfov) (p@nL) (l@4$#) (pghnL) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2507 2.3P 17.4 6.41 3.34 5.00
0.50 0.2503 108 20.3 18.1 48:2 12.1 3:15 7.18 19.6 52.3 18.0 9.79 1.78
1.00 0.2504 231 41.0 37,8 98.5 23,4 6.25 14.4 38.1 104 35.4 19.2 0.859
2.00 0.2506 271 44.4 39.3 107 26.2 6.83 15.5 41,3 113 37.0 21.1 0.967
4.00 0.2508 258 44.7 39.2 112 27.3 6.76 15.5 41.8 114 38.3 21.0 0.829

I
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Appendix D
Table D.1 Elemental Analysis of Dissolved SrABS Glasses

WSRC-TR-99-O0393
Revision O

AC2-43
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr “
(hr) (g) (W&L) (P$:) (P;2&) (I%&) (P:oy) (Pyy) (v$/6&) (P;3y) (p:%) (1.1:81# (pg/mL) (IV&)
0.25 0.2513 2.96 4.09
0.50 0.2517 116 26.8 23.4 64:0 16.0 4:01 9:23 25.7 52:9 1;.5 9.90 2.17
1.00 0.2506 225 52.5 46.1 126 31.5 7.90 17.3 48.3 102 32.9 18.9 0,864
2.00 0.2508 234 53,2 47.2 130 33.2 8.04 17.9 51.1 108 34.5 18.9 0.739
4.00 0.2512 223 52.7 47.0 129 31.8 7.84 18.5 51.2 106 33.9 18.9 0.655

AC2-44
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (1%#$) (P:2~) (P;8y) (ll&-) (1.1:7~) (Pf2~) (11$/8y) (P;8y) Q@-n.L) (pg/mL) (p@L) Q@-&)
0.25 0.2505 10.7 4.38 1,95 3.44
0.50 0.2503 109 33.8 3~.8 83:0 19.0 4:96 12.0 3i.7 43.5 14,2 8.15 2,29
1.00 0.2506 209 67.0 61.2 163 37.9 9.70 23.3 62.6 92.3 29,0 16.3 1,08
2.00 0.2508 227 68.5 61.6 163 40.7 10.1 23.5 64.7 87.7 29.1 16.7 0.641
4.00 0.2506 216 68.9 61.4 167 38.5 10.1 23.7 60.2 89.3 30.2 16.9 0.632

AC2-45
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B
(hr) (i?)

Sr ‘ Si

(lJ\:) (P:?) (Pfirr$) (Pfly) (P:4y) (P~3~) (Il:oy) (lJ{&) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2506 17.2 6.19 3.30 4.93
0.50 0,2509 1Is 63:8 29:8 66:2 16.7 4:06 9:15 31:1 51.0 17!5 9.85 3.35
1.00 0.2503 209 112 52.9 118 30.0 7.22 165 55.5 93!1 30.4 17.3 1.25
2.00 0.2504 203, 117 54.5 122 30.4 7.68 1613 56.8 94.6 30.1 17,7 1.18
4.00 0.2504 206 118 55.6 122 30,5 7.45 16.8 54.3 95.2 30.2 17.6 1.30

I

I
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Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-46
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g)

(~~y) (~~~) (~g~) (~g~) (~f:) (~;o’) @f4&) @~~) (vd~) Q@mL) (P#nlL) (I%@-)0,25 0.2513 12,9 14.9 5.15 2.82 3.17
0.50 0.2515 127 46:8 41:8 113 28,0 6:89 15.2 44.3 49.0 16.0 9.64 1.69
1.00 0.2506 210 74.6 65,3 181 44.6 11,2 24.5 71.0 81,0 25.6 14.9 0.83
2.00 0.2507 206 76.3 65.7 177 44.1 11.0 24.6 72.5 79.5 26.1 14.6 0.751
4.00 0.2510 205 74.4 63,9 176 42.8 11.0 23,4 72,8 79.7 25.8 14.4 0.665

AC2-47
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr ‘
(hr) (g)

(~jy) (~g~) (~g~) @yoQ @y7~) (~:jy) @f4y) (~gjfi) (~d~) @i#mL) o-@mL) (P;L)0.25 0.2504 12.7 21.2 7.11 4.10 4.11
0.50 0.2504 13; 37:0 33:0 90:1 22.0 5:58 12.4 35.8 60.5 18.9 11.2 2.38
1.00 0.2503 215 58.3 51.2 143 34.4 8.32 19.2 55.3 91.7 28.0 17.1 1.08
2.00 0.2504 218 60.3 52.8 148 34,7 8.72 20.2 56.8 93.2 30.0 17.7 0.584
4.00 0.2503 220 57.6 52,9 35.0 8.72145 _ .__.,_—–.. 20.0 57.7 93.1 30,2 17,9 0.781

AC2-48
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr”
(hr) (g) (W& (il;4~) (P:9;) (Pf$$) (P:5y) (P:oy) (P;4y) (vf8:) (P&L) (N@Q (I%@L) (M&)
0.25 0.2506 6.78 3.46 4.13
0.50 0.2508 97:9 19.1 18.4 49:9 1;.5 2:81 6:47 18.2 50:2 16.6 9.04 3.82
1!00 0.2510 217 40,4 38,9 105 24.2 5.98 14.3 39.3 106 34.6 19.5 1.26
2.00 0.2504 216 43.3 39.3 111 25.6 6.45 14.p 42.1 109 35.3 20.4 0.856
4.00 0.2504 225 45,0 40.8 113 26.8 6.77 15.0 43.0 116 35.1 21.0 0.799
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Appendix D WSRC-TR-99-O0393
Table D.1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-49
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (I%&) (Pf5&) (P#9&) (P~n&) (v:8&) (Pf4& (v#2y) (I$y) (Pg# (pg/rnL) (pg/rnL) (pg/mL)
0.25 0.2504 6.81 3.59 4.50
0.50 0.2509 129 29.2 26.4 72:0 1;.5 4:29 9:84 2;.3 56:4 18.4 10.8 2.58
1.00 0.2506 225 52.0 47.0 132 31.7 7.93 17.5 48.9 102 32.3 19.3 1.33
2.00 0.2507 229 51.7 48.0 134 31.5 7.80 “ 18.3 49.7 106 33.7 19.4 1.22
4.00 0.2506 222 54.4 47.3 128 32.0 7.74 17.4 49.5 101 32.9 18.7 1.28

AC2-50
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (/3) (1%#) (P;oy) (Pg2~) (Pfiy) (P:2y) (P:o%) (P:3y) (Pg5y) (f.lg/mL) (pg/mL) (/.@n.L) (pg/mL)
0.25 0,2509 11.0 4.34 2.19 3.69
0.50 0.2505 34:6 9:20 8:40 22;2 5:36 1:36 3:11 9:15 14.0 5.37 2.88 3.55
1.00 0.2504 155 42.9 37.4 100 24.3 6,03 13.9 38.8 64.7 21.3 12.6 3.11
2.00 0.2509 229 61.6 55.4 150 36.7 8.79 20.2 59.3 96.7 30.9 17.9 0.961
4.00 0.2506 223 60.0 54,7 146 35.8 8.67 19.4 57.4 92.9 32.1 17.6 0.439

AC2-51
Sample !

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr ‘ Si
(h) (g) (W&) (I$A#) (Py8~) (Vgy) (Pg2y) (llf2y) (Pfoy) (Pg/4y) (pgAnL) (/@nL) (pg/mL) (pg/mL)
0.25 0.2510 ,0 11.7 4.52 2.32 3.44
0!50 0.2504 105 32,0 28.4 76:2 19.3 4:52 10.4 29.8 41.4 14.6 8.42 1.99
1.00 0,2508 219 66.8 57,7 155 38.8 9.31 21.0 62.4 83,8 27.2 17,2 0,929
2.00 0.2505 212 65.5 57.4 161 37.7 9.42 22.~ 62.9 84.1 28.1 17.1 0,403
4!00 0.2504 220 66.6 57.2 157 38.3 9.52 21.5 62.6 85.5 28.7 16.8 0.432

I



Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC2-52
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (f?) (P~rl&) (:~~) (Pf3y) (ll~y) (P:3~) (~~:) (uf91& (Pf5y) (pghL) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2502 14.1 5.79 2.55 3.14
0.50 0.2508 90:5 0:180 12.9 42:5 10.4 2.58 6:16 1;!1 42.5 15.3 8,18 2.33
1.00 0.2508 221 0.399 31.4 103 25.1 6.29 14.6 41.2 105 36.5 19.7 1.03
2.00 0.2504 252 0,383 35.0 112 28.1 7.01 16.5 47.7 117 41.6 21.5 0.842
4.00 0.2507 243 0.494 33.9 114 29.1 7.09 16.8 47.1 113 41.4 21.8 0.806

AC2-53
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (I@&) (Pf3y) (P:2y) (M&L) (P#6~) (Pg/7~) (Pf/5y) (I@&) (p@nL) (pg/mL) Q.@n.L) (pg/mL)
0,25 0.2505 18.9 6.36 2.59 4.54
0.50 0.2506 84:2 12.4 li.7 10s 7:22 7:72 4:31 12.3 53.8 17.7 7.30 2.08
1.00 0.2506 156 22.6 22.1 195 14.6 14.3 7.92 23.4 99.9 32.8 13.7 1.02
2.00 0.2506 176 25.2 24.2 222 15.0 15.8 8.52 24.7 111 36.4 14.7 0.793
4.00 0.2507 175 26.5 24.6 232 15.5 15.8 8.69 26.1 116 37.1 14.9 _, 0.851.. ———.—.——..——

Time
(hr)
0.25
0.50
1.00
1.00
1.00
2.00
4.00

Sample
Mass

(g)
0.2512
0,2510
0.2516

(1)
(1)

0.2510
0.2510

La

(M&)

98:3
209
213
230
210
217

Ce

(Pfp

34:3
74.8
76.3
73.9
74.8
76.1

Pr

(Pfi~)

30:8
65.9
65.6
63.6
66.4
68.2

Nd

(W#&)

82:6
184
185
172

. 174
178

Sm

(v$&)

21,7
47.2
45.7
43.3
43.3
45.5

Eu

(Pf7~)

5:31
11,1
11.2
11.2
11.3
11.2

Gd

(P:9&)

11.8
256

12518
25.4
25,3
25.8

Er Al B Sr ‘

(ufi~) (v~y) (I-%@-) (p#mL)
4.42 2.42

32:6 40:7 12.3 7.04
71.3 87.1 26.8 14,6
71.0 91.1 27.4 15.3
70.9 88.3 27.7 15,3
71.0 88.9 26.8 14.6
67.1 88.5 26.7 15.1

Si

(P:&

2:31
0,860
1.02
1.14

0.682
0,662

-w2!!PlicateAnalYsis of 1’00 hr sample ..
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AC2-55
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (I%&) (llgm&) (I%&L) (P~y) (P:7&) (I%&) (P:o~) (P{?) (f.lg/rnL) (J-lgAnL) (pg/rnL) (pg/mL)
0.25 0.2503 18.9 6.98 3.46 3.86
0.50 0.2512 122 64:0 32:2 46:1 19.3 4:83 Ii<l 29:6 53.7 17.1 9.75 1.88
1.00 0.2507 252 118 57.9 84.9 34.0 8.53 20.3 52.6 97.5 32.5 17.6 0.929
2.00 0.2512 254 116 59,5 82.1 35.3 8.96 20.6 56.7 97.6 32.6 18.0 0.773
4.00 0.2505 258 117 58,9 83.8 34.5 9.12 20.9 54.3 101 34.4 18.2 0.776

AC1-02
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (Pgn$-) (ll:o&) (P;7:) (1.1:3~) (llf2y) (Pg3~) (I$3h#) (pgAnL) (pg/mL) (pg/rnL) (pg/mL) (pg/mL)
0.25 0.2507 3.02 11.9 4.40 2.38 1.84
0.50 0.2503 94:4 12.5 1’1.3 20.7 5:00 1:58 2.94 12.9 48.5 16,3 9.42 2.17
1.00 0.2505 212 27.9 25.3 45,8 11.4 3.46 6,54 27.1 111 33.7 20.7 1.31
2.00 0.2505 248 32.7 29.4 54.2 12.8 4.08 7.61 32.1 130 41.6 25.4 1.10
4.00 0.2503 232 32.4 28.5 55.1 12.3 4.01 7.49 31.1 128 41.0 23.6 0.905

ACI-03
Sample ,

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr ‘ Si
(hr) (g) (Pfil-$) (v:6y) (P:2y) (P:3y) (Pf:) (I$3Al&) ($:) (P;4=) (P;6y) Q@@ (f.lg/mL) (J.lghnL)
0.25 0,2506 3.94 2.11 1.47
0.50 0.2508 85:9 1;.7 10.4 2;.6 4:52 i.45 2.75 li.o 43.2 15.3 9.28 1.62
1.00 0.2508 198 29.5 25.7 58,4 10.7 3.46 28.2 109 39,0 22.3 1.12
2.00 0.2504 234 33.8 30.6 68,5 12.5 4.20 ;:% 32.8 132 44.7 26.9 0.752
4.00 0.2509 235 33.4 29.4 65.8 12.2 4.10 7.35 31.7 128 43.1 26.1 0.625

I



Appendix D WSRC-TR-99-O0393
Table D. 1 Elemental Analysis of Dissolved SrABS Glasses Revision O

AC1-05
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (I%&) (P$oy) (v:oy) (W&) (Py8y) (I&#) (P:7x&) (p:3y) (pg/mL) (pg/mL) (pg/mL) (pgAnL)
0.25 0.2505 17.8 6.93 3.57 3.98
0.50 0.2506 102 18.0 li.8 42:8 5:50 2.16 5:34 16.0 54.8 19.5 10.6 1.98
1.00 0.2509 191 35.3 22.3 79.6 10,3 4.14 9.65 28.9 102 34.2 18.7 1.13
2.00 0.2505 232 40.6 26.6 93.1 12.2 4.84 11.6 36.7 124 43.7 22.6 0.589
4.00 0.2509 236 41.5 27.4 97.8 12.0 4.92 11.7 37.6 127 43.8 23.5 0.751
4.00 (1) 242 41.2 28.6 96.7 12.1 5,09 12.1 37.2 129 45.0 23.4 0.917
4.00 (1) 234 43.1 28.3 99.1 13.0 4.98 11.4 38,4 125 38.8 23.3 0.756

(1) Duplicate Analysis of 4.00 hr Sample —

AC1-06
Sample

Time Mass La Ce Pr Nd “ Sm Eu Gd Er Al B Sr “
(hr) (g) (Pg~) (Py8&) (Pg6~) (1$/:) (Pf6y) (P&&) (1.1f7~) Q@nL) (pgAn.L) (pg/mL) (pg/mL) (p:k)
0.25 0.2505 4.56 15.8 5.82 3.11 2.68
0.50 0.2508 110 13.2 15.8 32.2 6:22 2.21 5:82 16.2 56.2 18.7 11.0 2.05
1,00 0,2507 216 26.7 33,1 64.6 11.3 4,36 11.6 31.7 109 36.2 20.6 1.27
2.00 0.2507 238 29,8 36.0 71.8 11.2 4.90 12.6 35.8 123 39.6 24.2 0.916
4.00 0.2504 248 29.5 36.7 74.3 11.3 4.97 12,6 36.8 126—— 39.5 24.4.— 0.753.—

AC1-10
Sample

Time Mass La Ce Pr Nd Sm Eu Gd Er Al B Sr Si
(hr) (g) (W&L) (P;& (P:4&) (W&L) (ll:2y) (l&//) (p: ~ ) (v&) (j.@n.L) (pg/mL) (pg/mL) (pg/mL)
0.25 0.2509 Y 19.0 7,00 3.70 4.38
0!50 0.2505 103 18.1 16.4 46:8 14.2 2.46 6:40 1+.8 48,1 15.2 9.69 2.21
1.00 0.2508 206 38.7 33.1 98.7 27.2 5!14 13.1 36.6 102 32.3 19.2 1.28
2.00 0.2507 228 40.3 36.2 109 28.0 5,79 14.5 40.5 111 34.7 21.3 0.817
4.00 0.2506 239 40.5 37.8 109 29.3 5.72 14.4 39.3 112 35.5 20.8 0.854

!

(



Appendix D WSRC-TR-99-O0393
Table D,2 Lanthanide (La) Recovery from SrABS Glasses Rev. O

AC2-01 AC2-02 AC2-03
Time La Reeovery Time La Recovery Time La Reeovery
(hr) (%) (hr) (%) - (hr) (%)
0.25 16.0 0.25 13.0 0.25 14.1
0.50 51.6 0.50 46.1 0.50 50.6
1.00 99.0 1.00 100.0 1.00 97.9
2.00 101.3 2.00 102.3 2.00 98.2
4.00 102.7 4.00 102.2 4.00 101.5

AC2-04 AC2-05 AC2-06
Time La Reeovery Time La Reeovery Time La Recovery
(hr) (%) (hr) (%) - (hr) (%)

0.25 18.4 0.25 11.9 0.25 18.9
0.50 68.8 0.50 46.3 0.50 64.5
1.00 95.5 1.00 99.6 1.00 97.1
2.00 95.8 2.00 102.1 2.00 97.9
4.00 95.5 4.00 100.3 4.00 96.9

AC2-07 AC2-08 AC2-09
Time La Rmovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 14.3 0=25 13.2 0.25 15.6
0.50 45.1 0.50 46.8 0.50 59.3
1.00 94.5 1.00 94.9 1.00 97.9

. 2.00 102.5 2.00 100.4 2.00 98.8
4.00 100.7 4.00 100.3 4.00 99.7

AC2-10 AC2-11 AC2-12
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 13.5 0.25 14.6 0.25 18.3
0.50 36.7 0.50 52.2 0.50 54.4
1.00 85.3 1.00 94.8 1.00 89.9
2.00 101.3 2.00 99.3 2.00 95.1
4.00 100.3 4.00 96.9 4.00 96.9

AC2-13 AC2-14 AC2-15
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 11.8 0.25 11.0 0.25 14.3
0.50 40.2 0.50 42.2 0.50 48.7
1.00 85.9 1.00 97.6 1.00 91.9
2.00 99.2 2.00 97.7 2.00 99.0
4.00 99.2 4.00 99.0 4.00 100.4



Appendix D WSRC-TR-99-O0393
Table D.2 Lanthanide (La) Recovery from SrABS Glasses Rev. O

AC2-16 AC2-17 AC2-18
Time La Reeovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) -- (hr) (%)
0.25 12.7 0.25 48.7 0.25 21.5
0.50 41.8 0.50 54.6 0.50 60.8
1.00 97.2 1.00 100.0 1.00 101.6
2.00 98.4 2.00 101.3 2.00 99.6
4.00 99.0 4.00 102.7 4.00 100.0

AC2-19 AC2-20 AC2-21
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 13.2 0.25 74.1 0.25 15.6
0.50 48.8 0.50 75.4 0.50 56.4
1.00 100.6 1.00 99.1 1.00 99.1
2.00 100.8 2.00 100.3 2.00 98.7
4.00 104.9 4.00 101.2 4.00 99.6

AC2-22 AC2-23 AC2-24
Time La Recovery Time La Recovery Time ‘-La Recovery
(hr) (%) - (hr) (%) - (hr) (%) -

0.25 14.4 0.25 15.4 0.25 15.7
0.50 47.9 0.50 54.4 0.50 51.5
1.00 91.4 1.00 97.2 1.00 98.9

. 2.00 96.6 2.00 95.4 2.00 99.0
4.00 98.9 4.00 97.4 4.00 99.1

AC2-25 AC2-26 AC2-27
Time La Reeovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 16.3 0.25 15.3 0.25 14.9
0.50 48.8 0.50 44.1 0.50 48.1
1.00 99.2 1.00 94.7 1.00 94.7
2.00 99.8 2.00 100.2 2.00 99.7
4.00 98.4 4.00 101.4 4.00 99.6

AC2-28 AC2-29 AC2-30
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) - (hr) (%) - (hr) (%) -
0.25 48.0 0.25 15.2 0.25 17.0
0.50 47.4 0.50 47.8 0.50 47.5
1.00 95.1 1.00 96.5 1.00 87.3
2.00 100.1 2.00 98.4 2.00 98.0
4.00 99.7 4.00 98.4 4.00 100.4



Appendix D
Table D.2 Lanthanide (La) Recovery from SrABS Glasses

WSRC-TR-99-O0393
Rev. O

AC2-31 AC2-32 AC2-33
Time La Reeovery Time La Reeovery Time La Reeovery
(hr) . (%) (hr) (%) (hr) (%)
0.25 12.8 0.25 20.8 --0.25 14.6
0.50 42.8 0.50 53.4 0.50 51.0
1.00 88.5 1.00 95.5 1.00 96.1
2.00 96.8 2.00 97.7 2.00 100.6
4.00 96.7 4.00 98.7 4.00 101.4

AC2-34 AC2-35 AC2-36
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 14.3 0.25 42.0 0.25 14.6
0.50 51.6 0.50 45.4 0.50 48.7
1.00 97.7 1.00 91.6 1.00 103.5
2.00 102.4 2.00 102.9 2.00 102.4
4.00 101.2 4.00 101.1 4.00 104.7

AC2-37 AC2-38 AC2-39
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) — (%)
0.25 16.5 0.25 17.8 0.25 15.2
0.50 47.6 0.50 58.2 0.50 53.3
1.00 94.7 1.00 100.6 1.00 93.1
2.00 96.8 2.00 99.8 2.00 95.8

. 4.00 97.7 4.00 99.9 4.00 97.0

.
AC2-40 AC2-41 AC2-42

Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 15.9 0.25 22.7 0.25 15.1
0.50 63.1 0.50 63.6 0.50 45.6
1.00 100.4 1.00 100.1 1.00 94.4
2.00 98.5 2.00 99.8 2.00 106.1
4.00 101.4 4.00 99.9 4.00 104.8

AC2-43 AC2-44 AC2-45
Time La Reeovery Time La Reeovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 15.3 0.25 12.5 0.25 18.8
0.50 50.5 0.50 50.9 0.50 56.3
1.00 98.6 1.00 98.9 1.00 101.1
2.00 102.1 2.00 102.7 2.00 102.1
4.00 99.5 4.00 100.9 4.00 102.6



Appendix D
Table D.2 Lanthanide (La) Recovery from SrABS Glasses

WSRC-TR-99-O0393
Rev. O

AC2-46 AC2-47 AC2-48
Time La Recovery Time La Reeovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 18.8 0.25 22.1 -0.25 16.7
0.50 62.0 0.50 61.3 0.50 43.0
1.00 100.4 1.00 96.2 1.00 92.9
2.00 99.6 2.00 98.6 2.00 95.7
4.00 98.3 4.00 98.2 4.00 99.0

AC2-49 AC2-50 AC2-51
Time La Reeovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 18.7 0.25 12.0 0.25 13.5
0.50 56.0 0.50 15.6 0.50 47.6
1.00 99.8 1.00 70.0 1.00 98.1
2.00 101.2 2.00 103.7 2.00 97.9
4.00 99.1 4.00 101.1 4.00 98.6

AC2-52 AC2-53 AC2-54
Time La Recovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) ‘- (%)
0.25 11.9 0.25 13.0 0.25 16.1
0.50 36.5 0.50 51.4 0.50 47.2
1.00 88.6 1.00 96.3 1.00 102.5
2.00 100.0 2.00 100.5 2.00 100.5
4.00 98.5 4.00 99.1 4.00 102.4

.
AC2-55 AC1-02 AC1-03

Time La Reeovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 19.3 0.25 9.3 0.25 7.6
0.50 53.7 0.50 37.6 0.50 34.6
1.00 102.7 1.00 83.7 1.00 82.4
2.00 103.3 2.00 98.0 2.00 97.0
4.00 104.1 4.00 93.9 4.00 95.7

ACI-05 AC1-06 AC1-10
Time La Reeovery Time La Recovery Time La Recovery
(hr) (%) (hr) (%) (hr) (%)
0.25 14.4 . 0.25 12.8 0,25 17.6
0.50 43.6 0.50 43.7 0.50 44.4
1.00 81.6 1.00 86.6 1.00 90.3
2.00 98.1 2.00 95.5 2.00 98.9
4.00 101.0 4.00 98.6 4.00 101.5
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Glass ID Time Sample Mass Recovered Variance of Lanthanide Lanthanide Variance of
Mass Recovered Mass Composition Recovery Lanthanide Recovery

(h) (g) (g) (g’) (Wt Fraction) (%)
AC2-02

(%2)
0.50 0.2502 5.54 x 102 2.45 X 105 0.481 46.1 17.1

AC2-10 0.25 0.2502 1.56 X 102 5.59 x 107 0.463 13.5 0.4
AC2-11 2.00 0.2510 1,25 X 10* 1.72 X 106 0.504 99.3 1.6
AC2-13 1.00 0.2508 8.98 X 102 1.30 x 106 0.417 85.9 1.8
AC2-15 0.25 0.2510 1.62 X 102 1.38 X 106 0.454 14,3 1.1
AC2-16 0.25 0.2508 1.59 x 102 3.63 X 106 0.497 12.7 2.3
AC2-29 2.00 0.2506 1.27 x1O* 7.40 x 106 0.516 98.4 4.9
AC2-35 0,50 0.2506 5.58 X 102 1.34 x 106 0.491 45.4 1.0
AC2-41 4,00 0.2507 1.33 x 10’ 3.87 X 107 0.529 99.9 0.7
AC2-53 0.50 0.2504 5,67 X 102 5.65 X 107 0.441
AC2-54

51,4 0.7
1.00 0.2516 1,38 X1O1 2.33 X107 0.536 102.5 0.6

AC1-05 4,00 0.2509 9.44 x 102 3.70 x 107 0.373 101,0 1.4

Pooled Lanthanide Composition Variance 1,39 x 105 Vpwld = 2.8

(
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G1ass ID DissolutionRate DissolutionRate Relative
Standard Deviation Standard Deviation

(glh.cmz) (g/h.cm2) (%)
AC2-01 0.024 0.003 - 12
AC2-02
AC2-03
AC2-04
AC2-05
AC2-06
AC2-07
AC2-08
AC2-09
AC2-10
AC2-11
AC2-12
AC2-13
AC2-14
AC2-15
AC2-16
AC2-17
AC2-18
AC2-19
AC2-20
AC2-21
AC2-22
AC2-23
AC2-24
AC2-25
AC2-26
AC2-27
AC2-28
AC2-29
AC2-30
AC2-31
AC2-32
AC2-33
AC2-34
AC2-35
AC2-36
AC2-37
AC2-38
AC2-39
AC2-40
AC2-41
AC2-42

0.031
0.023
0.019
0.025
0.021
0.018
0.018
0.024
0.013
0.019
0.015
0.013
0.022
0.016
0.022
0.025
0.033
0.030
0.016
0.023
0.016
0.021
0.024
0.025
0.018
0.018
0.015
0.021
0.013
0.015
0.017
0.020
0.021
0.013
0.032
0.019
0.032
0.018
0.032
0.032
0.017

0.006
0.002
0.002
0.004
0.001
0.002
0.002
0.001
0.002
0.001
0.0004
0.001
0.003
0.001
0.004
0.007
0.005
0.006
0.005
0.002
0.001
0.001
0.003
0.004
0.002
0.002
0.005
0.002
o.000~
0.001
0.002
0.001
0.002
0.004
0.006
0.002
0.004
0.000’
0.003
0.004
0.002

20
10
12
16
3

11
10

3
12
4
2
7

15
4

16
30
14–-
19
32

9
5
4

12
15
12

9
35
11

3
7

12
7
9

33
19
10
14

1
10
12
11



Glass ID Dissolution Rate Dissolution Rate Relative
Standard Deviation Standard Deviation

(g/h-cm’) (g/h.cm’) (%)
AC2-43 . 0.022 0.003 -- 12
AC2-44 0.024 0.003 12
AC2-45 0.030 0.005 16
AC2-46 0.033 0.004 12
AC2-47 0.018 o.000~ 0.4
AC2-48 0.015 0.002 14
AC2-49 0.025 0.003 13
AC2-50 0.013 0.001 11
AC2-51 0.022 0.003 13
AC2-52 0.011 0.001 8
AC2-53 0.019 0.001 7
AC2-54 0.034 0.007 20
AC2-55 0.030 0.005 18
AC1-02 0.008 0.001 14
AC1-03 0.007 0.001 15
AC1-05 0.008 0.001 10
AC1-06 0.011 0.001 5
AC1-10 0.009 0.002 19—

-.. ,.,,,eJ--. ~,-, .~,.r -- .- ,. — 7.
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