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Abstract

Two approaches for modeling high-level waste glass durability as a function of glass
composition are compared. The mixture approach utilizes first-order mixture (FOM) or second-
order mixture (SOM) polynomials in composition, whereas the free energy of hydration (FEH)
approach assumes durability is linearly related to the FEH of glass. Both approaches fit their
models to data using least squares regression.

The mixture and FEH approaches are used to model glass durability as a function of glass
composition for several simulated waste glass data sets. The resulting FEH and FOM model
coefficients and goodness-of-fit statistics are compared, both within and across data sets. The
goodness-of-fit statistics show that the FOM model fits/predicts durability in each data set better
(sometimes much better) than the FEH model. Considerable differences also exist between some
FEH and FOM model component coefficients for each of the data sets. These differences are due
to the mixture approach having a greater flexibility to account for the effect of a glass component
depending on the level and range of the component and on the levels of other glass components.
The mixture approach can also account for higher-order (e.g., curvilinear or interactive) effects of
components, whereas the FEH approach cannot. SOM models were developed for three of the
data sets, and are shown to improve on the corresponding FOM models. Thus, the mixture
approach has much more flexibility than the FEH approach for approximating the relationship
between glass composition and durability for various glass composition regions.

(@) Pacific Northwest National Laboratory is a multiprogram laboratory operated by Battelle
Memorial Institute for the U.S. Department of Energy under Contract DE-AC06-76RLO
1830.







Summary

Two approaches for modeling high-level waste glass durability as a function of glass
composition are compared. The mixture approach fits first- or second-order polynomials in
composition to durability data using least squares regression. The free energy of hydration
(FEH) approach assumes durability is linearly related to the FEH of glass, with the line fitted to
data by least squares regression. The FEH of a glass is calculated as a composition-weighted
linear combination of free energies of hydration of the glass components. The FEH approach is
shown to be a restricted version of the first-order mixture (FOM) approach.

The mixture and FEH approaches are compared in terms of their ability to model Product
Consistency Test (PCT) normalized boron releases as a function of glass composition for several
simulated waste glass data sets. Least squares regression was used to fit FEH and FOM models
to each data set. Goodness-of-fit statistics show that the FOM model fits/predicts PCT boron
release in each data set better (sometimes much better) than the FEH model. The model R?
(proportion of variation in PCT boron releases accounted for by a model) statistics are
summarized in Table S.1 to illustrate this point.

Considerable differences also exist between some FEH and FOM model component
coefficients for each of the data sets. Comparing FOM coefficients across the data sets shows
that the effect of a glass componént on PCT normalized boron release can depend on the level and
range of the component and on the levels of other glass components. The FEH approach has a
limited ability to represent such behavior for different glass composition regions, due to its
reliance on assumed constant effects of each component. The mixture approach, on the other
hand, determines the effects of glass components on durability from a given data set. It can also
account for higher-order (e.g., curvilinear or interactive) effects of components. Second-order
mixture (SOM) models were developed for three of the data sets, and are shown to improve on
the corresponding FOM models (see R? statistics in Table S.1).

1t is concluded that the mixture approach is more flexible than the FEH approach for
approximating the relationship between glass composition and durability for various glass
composition regions.

Table S.1. R? Statistics for FEH, FOM, and SOM Models Fitted to Several Data Sets

Data Set
Model #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11la  #11b

FEH 472 129 13 .537 741 400 730 326 .506 .620 763 764
FOM 954 794 694 911 .899 810 .880 917 980 842 961 961
SOM na. n.a. na. na. n.a. .892 931 n.a. n.a. 923 n.a. n.a.
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1. Introduction

Nuclear waste glasses must satisfy several property constraints in order to be processable in a
melter and acceptable for eventual disposal in a geologic repository. While these properties can
be experimentally measured for any glass composition of interest, it is desirable to develop models.
that predict glass properties as functions of glass composition. If a model that adequately
approximates the true relationship between a glass property and glass composition can be
developed, property values can then be predicted for any composition within the model's domain
(the composition region where the mode! is applicable). Predictive glass property models are very
useful in formulating glass compositions with desired properties, and can be used in operatmg and
controlling a nuclear waste vitrification plant.

A very important waste glass property is chemical durability (resistance to dissolution in
water). The normalized elemental release of boron (B) from a 7-day Product Consistency Test
(PCT)! is used as a measure glass durability in this report. Using several data sets, the
performance of two approaches for modeling and predicting the PCT B release of simulated high-
level nuclear waste glasses as a function of glass composition are compared. The mixture and
Jree energy of hydration (FEH) modeling approaches are described in Section 2. There are many
options for mixture models?, but attention is restricted in this report to Scheffé first-order mixture
(FOM) and second-order mixture (SOM) models, as described in Section 2. Section 3 compares
the mathematical forms of the FEH and FOM models, and describes how to compare their
coefficients. The data sets used to compare the fits and coefficients of FEH and mixture (FOM
and SOM) models are discussed in Section 4. Section 5 describes the goodness-of-fit statistics
used to assess how well the FEH and mixture models fit/predict the various data sets. Section 6
presents the results of fitting FEH and FOM models to each of the data sets, and SOM models to
three of the data sets. The results are discussed in Section 7. Conclusions are given in Section 8.
References are listed in Section 9.







2. Mixture and Free Energy of Hydyation Models

The mathematical forms of first-order and second-order mixture models considered in this
report are presented in Section 2.1. The mathematical form of the FEH model is discussed in
Section 2.2.

2.1 Mixture Models

, Many model forms have been proposed in the statistics literature for modeling mixture
properties as functions of composition. Cornell? discusses many of these mixture model forms,

the most widely used being the first- and second-order canonical polynomial models of Scheffé.

As used in this report for modeling PCT elemental releases, the Scheffé first-order mixture (FOM)

model is

g
In(NR) = ) b,x, )
i=1 )
and the Scheffé second-order mixture (SOM) model is

1n(m>-sz+zzb,,, @)

i=1 j=i

In (1) and (2), In(NR) is the natural logarithm of a normalized elemental release from the PCT
(g/m?), q is the number of mixture (glass) components, X; is the mole fraction of the i-th glass
component such that x, +x, + ... +x,= 1, b; is the coefficient of the first-order blending term
involving x;, and by is the coeﬂicient of the second-order blending term involving x; and x;. The
coefficients b; for a first-order model or b; and b;; for a second-order model are determined by
fitting a model to an appropriate set of glass composition and PCT release data using least squares
regression. Third- and higher-order Scheffé mixture models exist, as do other non-polynomial
mixture models?, but such models are not considered in this report.

Either mass or mole fractions of glass components may be used in models (1) and (2); both
were used by Hrma, Piepel, et al.® In this report, mole fractions are used to allow a direct
comparison of mixture models with free energy of hydration models (which use mole fractions).
Also, note that the full SOM model (2) does not normally contain squared terms. That is,
normally j > i in the xx; terms of (2), so that x; terms (when i =j) are excluded. The squared
terms are excluded when all x;x; (j > i) terms are present, because otherwise the model would be
overparameterized and unique coefficient estimates could not be obtained. However, reduced
forms of (2) containing selected squared (x}) and/or crossproduct (x;x;) terms can be used*,




2.2 Free Energy of Hydration Model

The free energy of hydration (FEH) model® applied in this report has the form .

k
In(NR) = a + b {Z (AG)x, + (AGgp) [xg0, - D%, 1} 3)
iSi0, =
where In(NR) and x; are as defined for (1) and (2), AG; is the FEH value for the i-th glass
component (kcal/mol), k is the number of glass components for which AG; values are available,
and “a” and “b” are coefficients determined by fitting the model (3) to a set of glass composition
and PCT release data using least squares regression. The last summation sign in (3) is over each
glass component i assumed to be associated with SiO, in glass dissolution reactions, which is
denoted i € S. Further information about the FEH model can be found in the THERMO report by
Jantzen et al.’. The component FEH values AG; used in this work were current as of early 1995,
and are documented in Table 1. :

2.3 Numbers of Components and Logarithm of Durability

Note that the number of glass components included in a FEH model is denoted by k in (3),
whereas the number of glass components in FOM and SOM models is denoted by q in (1) and (2).
The FEH approach accounts for the effects of many glass components, as indicated in Table I. In
practice, however, many minor components have little or no practical effect on PCT normalized
releases. The mixture models (1) and (2) can accommodate this by combining minor components
in a catch-all component Others. The number of terms in mixture models can also be reduced by
combining components with nearly identical effects, or by removing components with negligible
effects (and renormalizing the composition to a total mole fraction of unity). Hence, while it is
possible (assuming an adequate data set) to fit a mixture model using all k components used by
the FEH approach, this is usually not done. In practice, very good mixture models can be
obtained with q <k (sometimes q <<k).

The natural logarithm of normalized elemental release is used in Egs. (1), (2), and (3) for two
reasons. First, a logarithmic transformation of the dependent variable in a regression model
(normalized PCT release in this report) stabilizes the variances of measured values when the
variances increase with the magnitudes of measured values. Stabilized variances are a
requirement for unweighted least squares regression. Second, a natural logarithmic
transformation (log base €) is preferred over a common logarithmic transformation (log base 10)
because of the relationship

SD[In(NR)] ~ RSD[NR], , )

where SD denotes “standard deviation” and RSD denotes “relative standard deviation”. Thus, a
standard deviation in In(NR) units can be interpreted as a relatlve standard deviation in NR units.
This fact will be used in Sections 5 and 7.



Table 1. Component Free Energy of Hydration Values (AG;) Used In This Work

AG; AG; AG;

Oxide (i)  (kcal/mol) Oxide (i)  (kcal/mol) Oxide (i)  (kcal/mol)
Ag,0 0.0 K,0 -XX.XX Rh,0, 0.0
AlLO, XX.XX La, 0, -XX.XX " RuO, XX.X
As, 0, -XX.XX Li,0 “XX.XX Sb,0, -XX.XX
B,0, -XX. XX MgO -X.XX Se0, XX
BaO -XX.XX MnO -XX.XX Sio, X.XX
Bi,0, 0.0 MoO, XX.XX Sm,0, 0.0
Ca0 -X.XX Na,O -XX.XX SO, 0.0
Cdo XXX Nd,0, “-XX.XX SrO -XX.XX
Ce,0, -XX.XX NiO X.XX TeO, XX.XX
CoO -X.XX PO, XXX ‘ThO, XX.XX
Cr,0, XK.XX PbO XX.XX TiO, XX XX
Cs,0 -XX.XX PdO 0.0 U,0, “XX.XX
CuO -X.XX PdO, 0.0 WO, 0.0
F 0.0 Pr,0O,, 0.0 Y,0, -XX.XX
FeO =X00.XX Rb,0 -XX.XX ZnO X.XX
Fe, O, XX.XX RhO, 0.0 ZrO, XX.XX

Note 1: Jantzen et al.’ and various information therein has not yet been cleared for public release
or reference. Hence, the component FEH values and designators of which components occur in
silicate species could not be included in this report. If and when release of this information is
authorized, a completed version of this table will be made available to those requesting it from the

first author.

Note 2: AG, = 0.0 where values were not given or were given as zero by Jantzen et al.’,
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3. Comparing Mixture and Free Energy of Hydration Model Forms

Section 3.1 shows how a FEH model can be rewritten in the form of a FOM model so that
their coefficients can be compared. Section 3.2 discusses two approaches for deriving quantities
from FOM models that can be compared to the component free energies of hydration used in FEH
models. Section 3.3 discusses a hybrid FEH/FOM modeling approach. Section 3.4 discusses the
results in the other subsections.

3.1 Writing the FEH Model in the Form of a FOM Model
The FOM model in Eq. (1) and the FEH model in Eq. (3) are both seen to be first-order

functions of composition. To facilitate comparing FEH and FOM models and their coefficients
later in the report, this section shows how the FEH model may be rewritten in the form of the

" FOM model. N

By moving the constant b inside the summation, the FEH model (_3) may be written as
In(NR) = a + mszl:;, b(AG)x;, +b (AGSiOz)‘ [xSI.O2 - gxi] . (5a)
Collecting the AGx; terms yields .
In(NR) = a + ;:: b(AG)x, - b (AGSioz) iz:;xi . (5b)

Assuming the complete composition of each glass is known such that 2 x; = 1, and multiplying the
constant a by 1 =X x, , yields

k k k
In(NR) = Y_ax, + 3, b(AG)x, - b(AGSioz)Ex,.
i=1 i=1 :

ieS
(50)
k k
=Y [a + 5(AG)]x, - b(AGg,) Y ¥, .
- i=1 _ieS
Finally, collecting terms according to whether each component i falls in the silica association
group (i € S) or in the non-silica association group (i ¢ S) yields
k k
InNR) = 3 [a + bQAG)]x, + Y [a + b(AG, - AGg, )lx,
ieS ieS
‘ (3d)

k k
= Ecixi * Zdixi

ieS ieS

where ¢, =a + b(AG) and d, = a + b(AG, - AGy,). Thus, the rewritten FEH model in




(5d) is seen to be of the same general form as the FOM model in (1), except that the terms fall
into two groups (depending on whether or not each component is assumed to be associated with
Si0, in glass dissolution reactions).

For the FOM model (1) and the FEH model (3) fitted to the same data set via least squares
regression, the b; coefficient for each component from (1) can be compared with the
corresponding coefficient c; or d; from the rewritten FEH model in (5d).

3.2 Deriving Coefficients from a FOM Model That Can Be Compared to
Component Free Energy of Hydration Values

FEH and FOM models can also be compared by deriving coefficients AG, from a FOM model
and comparing them to the AG; component FEH values in Table 1. The AG! coefficients may be
thought of as “data-determined” component FEH values. Two ways to derive such AG!
coefficients are presented in this section.

One way to obtain AG] coefficients from a FOM model (1) fitted to a data set requires that
the FEH model (3) also be fitted to the data set. Then, the b; values from (1) and the @ and »

values from (3) are substituted into the coefficient relatlonshlps in (5d) which are then solved for
AG.. This yields

b - .
AG = T Jor iegS (6a)

b, -a

AG/ = AGgy, + for ieS (6b)
Because Si0, is not contained in the set S, Eq. (6a) is used to obtain AGY;,,, which can then be
used in determining the quantities in Eq. (6b). Note that in the case where a FOM model uses

q <k components, where x, =x, +x,) + ... + x,, the AG} values fori=q, q+1, ..., k are the
same. The approach in (62) and (6b) for deriving AG; values from the fitted FOM model (1)
coefficients relies on the assumption that the a and b coefficients from the fitted FEH model (3)
are appropriate.

Another way to obtain AG; coefficients from a FOM model (1) fitted to a data set is to
assume that two or three of the AG; values in Table 1 are applicable (or correct) for the data set
(i.e., AG; = AG; for component i). Substituting the two or three AG; values assumed to be correct
into Eqs (62) and (6b) allows solving for the values of @ and 5. Then, the remaining AG!
coefficients can be derived from the FOM model coefficients using Eqs. (6a) and (6b). Whether
two or three AG; values must be assumed applicable (or correct) to uniquely solve for each AG}
depends on whether the corresponding glass components are in the group S or not. Several cases
are considered below. .



Case 1: Two components j and k are sufficient if j ¢ S and k ¢ S. This includes the case where
neither of j or k is SiO,, as well as the cases where one of j or k is Si0,. Simultaneously solving -
the corresponding Egs. (6a) for j and k yields

=1 =~ Ta
AG, - AG, . (72)
a=>b, - bAG, (7b)

Then, AGj = AG;, AG; = AG,, and the remaining AG] for all i # j,k are obtained by substituting the
above values of a and 5 into Eqs. (6a) and (6b).

Case 2: Two components are also sufficient if j € § and k= SiO, (without loss of generality, since
the names of j and k could be switched). Simultaneously solving the corresponding Eq. (6b) for j
and Eq. (62) for k yields

. b, - b,

b = J Si0, (Sa)
AG; - 2 AGgp, _

a=bg, - b AGgp, (8b)

Then, AG} = AG;, AG's0, = AGg,, and the remaining AG; for all i # j or SiQ,, are obtained by
substituting the above values of a and b into Eqs. (6a) and (6b).

Case 3: Three components j, k, and h are sufficient if j ¢ S (where j # Si0,), ke §,andhe S
(without loss of generality, since the names of j, k, and h could be switched). Simultaneously
solving the corresponding Eq. (6a) for j and Egs. (6b) for k and h yields

B, - b,
" AG, - AG, (%)
=5 - bAG, (b)
AG', = AG, - 22~ C
sio, = AGy, (5¢)

Then, AG} = AG;, AG,=AG,, AG}=AG,, and the remaining AG, for all i # j,k h are obtained by
substituting the above values of @, b, and AG'y, into Egs. (6a) and (6b).




Any other combinations of two or three components either revert to one of the three cases above,
or do not lead to a solution.

3.3 A Hybrid FEH/FOM Modeling Approach

A hybrid FEH/FOM modeling approach could be used. This would involve fitting (to a given
data set of glass composition and PCT release data) a model of the form

k k
In(NR) = 2; g, (AG)x, + Z; g (AG, - AGg,, ), (10)

i¢. ie
where In(NR), x;, AG;, and k are as defined in Section 2, and g; is the coefficient for the i-th glass
component obtained as part of the least squares fit. Eq. (10) is a modification of Eq. (5d), where
¢;= g (AG) and d; = g; (AG, - AGg,,,) would be the coefficients of the FOM model. In this
model, a g; coefficient may be thought of as a multiplicative factor that “adjusts” the assumed
FEH value [(AG) or (AG; - AGg,,)] for component i for a particular data set (and the property-
composition space. it represents). A g; value that is (is not) statistically different from 1.0 would
indicate that the corresponding FEH value is not (is) reasonable for the particular data set.

3.4 Discussion

Only the results from Section 3.1 are used in the remainder of this report. It was beyond the
scope of this work to apply the results presented in Sections 3.2 and 3.3 to the data sets discussed
in Section 4. However, it was decided to include Sections 3.2 and 3.3 in this report so that the
results would be documented for possible future use.

The main result from Section 3.1 used in the remainder of this report is that the FEH model
[(3) rewritten as (5d)] has the same form as the FOM model (1). The main difference between the
two models is that the FEH model assumes that FEH values for each component are applicable
component coefficients, whereas the FOM model estimates component coefficients from
experimental data. Differences between assumed and estimated component coefficients for a
given data set may indicate that the assumed reactions leading to the particular FEH coefficient
values are not appropriate for the glass composition space represented by the data set. Such
indications may be useful in improving the theory or assumptions underlying the FEH model.

An additional advantage of the mixture approach is that it can account for second-order (or
higher-order) effects (both curvature and interactions) of glass components by including squared
terms and crossproduct terms in the model [as in (2)]. The FEH modeling approach presented in
Section 2.2 (referred to as “preliminary” FEH by Jantzen et al.*) cannot account for second-order
effects of components in this fashion. Jantzen et al.’® discuss a modification of the “preliminary”
FEH approach (referred to as “final” FEH) that essentially allows for adjusting the AG; values in
Table 1 based on pH effects on PCT releases. However, the work summarized in this report was
well under way prior to the completion by Jantzen et al. of the “final” FEH approach. Hence,
only the “preliminary” and not the “final” FEH modeling approach is compared to the mixture
modeling approach in this report.
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4. Data Sets

Several data sets (glass compositions in terms of mole fractions, and PCT normalized B
releases) from the waste glass literature are used to compare the fitting and predictive abilities of
mixture and FEH models. The data sets are briefly described in the following subsections.
Listings of the mole fraction compositions and PCT normalized B releases for each data set are
given in Appendix A.

The glass mole fraction compositions given in Appendix A for the various data sets required
(in some cases) adjustments from the way they were reported in the documents from which they
were taken. For most data sets, the compositions were reported in terms of mass fractions or
mass percents, and had to be converted to mole fractions. In some data sets, the oxide forms of a
small number of components were different than those assumed by the FEH approach (e. g MnO,
instead of MnO), and had to be converted to the FEH-assumed oxide forms.

Normalized B releases from the 7-day Product Consistency Test (PCT) are used in this
report as indicators of glass durability The PCT exposes crushed glass to deionized water at
90°C for seven days, and is responsive to both glass homogenelty and composmon
Normalized B releases in this report were obtained via the formula

A4 11)
7

where NR is the normalized B release (g/m?), C is the concentration of B in the PCT solution
(mg/L), f'is the mass fraction of B in the glass (unitless), and A/V is the surface area to volume
ratio for the PCT (assumed to be 2000 m™ for this work). Boron release is commonly selected as
a good indicator of PCT durability of borosilicate waste glasses for the following reasons: 1) all
B dissolved from glass enters into solution and does not precipitate in the gel layer, 2) B is
released only by dissolution of the glass network, not by a diffusion process, and 3) B
concentration in solution is determined with very good analytical precision.

Appendix B contains scatterplot matrices of the glass mole fraction compositions for each
data set. A scatterplot matrix is simply a matrix of scatterplots of all possible pairs of
components. Because individual plots in a scatterplot matrix get quite small for large numbers of
components, attention was limited to only those components used in the FOM model for each
data set. Observations regarding scatterplot matrices for the various data sets are made in the
following subsections.

Table 2 lists the ranges of the component mole fraction values and the range of normalized B

release values for each of the data sets discussed below. These ranges provide a rough indication
of the composition region and the range of normalized B releases covered by each data set.
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Table 2. Ranges of Glass Components and PCT Normalized B Release

Component CVS-lI CVS-IL.1 CVS-II.2 CVS-II3 CVS-IL4 CVS(all)

Al 0, Low .0000 .0062 .0000 0112 .0000 .0000
High .0930 .0690 .0885 .1269 .1004 .1269

B0, Low 0414 .0629 0420 0467 .0465 0414
High .1953 .1648 .1974 1661 .1882 1974

BaO Low (®) (®) ®) (®) (®) (®)
High

CaO Low .0000 .0000 .0000 .0000 0086 .0000
High 1227 L0817 .0968 .1201 .0232 1227

C0, Lw ® ©® ® ©® 0  ®
High

Cu0  Low ®) ®) (®) (®) ®) ®
High

Fe, O, Low .0072 .0154 .0072 .0002 .0002
High .0626 .0492 .0596 .0513 .0626

FeO Low (@ @ @ @ @ €))
High

K0 Low (@) (@ @ (@ . @ @
High

Li,O Low 0200 .0448 .0209 .0115 00225 .0115
High 1526 .1294 .1639 1518 1466 1639

MgO Low .0000 0000 .0000 .0000 .0000 .0000
High .1343 .0779 1288 0668 .0320 .1343

MnO  Low (®) ®) ®) (®) (®) (b)
High

Na,0 Low .0484 0696 0451 .0518 0527 .0451
High .2043 1804 2110 2077 . .2089 2110

NiO Low ®) ®) ®) ®) (®) )
High

P,O;  Low ®) (®) ®) (®) ®) (®)
High

Si0, Low 4194 4913 .3905 3623 4127 3623
High 6417 .5849 .6208 6266 6225 6417

ThO, Low (@ (@ @ (@ @ @
High

TIo, Low @ @ @ @ @ @
High

U,0; Low (@ @ ®) @ (a (®)
High

Z50, Low .0000 .0050 .0000 .0000 .0000
High .0717 .0523 .0671 .0792 .0792

Others Low .0054 0140 .0052 .0054 0758 .0052
High .0624 .0485 .0615 .0561 1181 0624

PCTB Low 0.066 0.128 0.173 0.115 0.193 0.066

(g/m® _ High 20.639 2937 12.701 44.000 14.400 44,000

(2) Component not included or determined for glasses in this data set.

(b) Component included in Others for this data set.
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Table 2. Ranges of Glass Components and PCT Normalized B Release (cont.)

Component Ramsey WV87 WV88  WVDP SRTC 137 SRTC 118 SRTC111
ALO; Low .0012 .0630 .0370 0294 .0012 .0086 .0196
High - .1568 .0924 .0737 0612 .1016 .0885 .0885
B,0, Low .0409 1017 .0707 .0723 .0491 .0553 .0553
High .1543 1375 .1313 2000 .1428 1281 1281
BaO Low (2 0152 0082® ®) ®) ®) ®)
High .0446©@ 04189
Ca0 Low .0000 01529 .0082© ®) .0000 .0044 .0044
High .1040 04469 04189 1027 .0180 .0180
Cr,0, Low (a) ®) ®) ®) .0000 .0000 .0000
High .0028 .0028 .0028
CuO Low @ ®) ®) ®) .0000 .0000 " .0000
High .0054 .0054 .0037
Fe,0, Low .0000 .0379 .0419 0294 .0000 .0175 0175
High .0975 L0685 0738 0857 .0600 .0600 0600
FeO Low .0000 @ (a (® .0000 .0000 .0000
High .0340 .0789 .0790 0127
K0 Low (® 1584 1697© 0232 .0000 .0000 .0000
High 20079 2493® .0591 0395 ° .0395 0270
Li,0 Low @ .1584@ 1697 .0572 .0000 .0576 .0587
High 20079 .2493@ 1284 1145 1076 1076
MgO  Low @ 01529 .0082© ®) .0000 .0084 .0084
High 0446 04189 0508 0508 0268
MnO Low (a) .0040 .0009 ®) .0000 .0000 .0119
High 0215 .0170 0322 0322 .0322
Ne,0 Low 1344 15849 1697©@ 0646 .0660 .0691 .0691
High 273 2007 24930 1342 2576 1702 1702
NiO Low (@ ®) ®) ®) .0000 .0035 .0035
High .0256 .0256 0147
P,0; Low (@ .0063 .0003 ®) ®) ®) ®)
High .0181 0225 .
Sio, Low 4551 4520 4555 4116 4348 4348 4348
High .6049 5382 .5432 .5928 7754 6000 .5957
ThO, Low = (a) .0044 .0050 .0024 @ (a) (a)
High .0152 0167 0164
TiO, Low ® ®) ®) ®) .0000 .0000 .0000
High .0271 .0148 0141
U,0, Low (@ .0001 .0001 ®) (€:)) -(a) (®
High .0009 .0022
Zr0,  Low (@ ®) (®) 0012 (®) ®) ®)
High 0122
Others Low (a) 0101 .0086 n.a. .0000 .0000 .0000
High .0386 .0555 .0590 .0086 .0086
PCTB Low 0.075 0.160 0.179 0.186 0.055 0.175 0.175
(¢/m® High 38709 0.309 0.417 10.278 35.120 9.250 9,250

(a) Component not included or determined for glasses in this data set.
(b) Component included in Others for this data set. -

(c) The ranges listed for BaO, CaO, and MgO are for BaO+CaO+MgO. The ranges listed for Na,O, Li,0, and
X0 are for Na,0+Li,0+K,0.
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4.1 CVS Data Set

The first five phases of the Composition Variation Study (CVS) performed at the Pacific
Northwest Laboratory from 1989 to 1994 studied 147 simulated waste glass compositions®. The
CVS primarily varied the 10 components SiO,, B,0;, Al,0;, Fe,0;, ZrO,, Na,0, Li,0, Ca0,
MgO, and Others (all remaining waste components treated as a single component), although the
composition of the Others mix was varied in several glasses. The 147 CVS glasses were studied
in five phases (named CVS-I, and CVS-II Phases 1, 2, 3, and 4). The majority of the 147 glasses
were selected using statistical optimal design software so as to cover the boundary and interior of
an explicitly-defined composition experimental region. CVS-I, part of CVS-II Phase 2, and CVS-
II Phase 3 focused mainly on the boundary of the composition region. CVS-II Phase 1, part of
CVS-II Phase 2, and CVS-II Phase 4 focused mainly on the interior of the composition region.
CVS-II Phase 4 consisted of one-at-a-time variations of SiO,, B,0,, Na,0, Li,0, CaO, MgO, and
ALO; while keeping all remaining components in the same relative proportions as in a base
composition near the center of the composition region. A detailed discussion of the experimental
design of the CVS phases is contained in the report by Hrma, Piepel, et al.?

In this report, the five CVS phases are treated as five separate data sets and one combined
data set. The mole fraction compositions and PCT normalized B, Li, and Na releases for the 147
CVS-I and CVS-II Phase 1-4 glasses are given in Tables A.1 to A.5 of Appendix A. The
normalized releases are averages of duplicate PCT results. There are 14 replicate compositions
(same compositions with different glass names) scattered throughout the five CVS phases, and it
is important to realize that neither modeling approach (mixture or FEH) can account for
experimental variability in In(NR) values among replicates. Hence, R? values (defined in Section 5
and reported in Section 6) for the mixture and FEH models will be lower than they would be
without replicates in the data set.

Although B, Li, and Na normalized releases are given in Tables A.1to A.5, only B
normalized releases are used in this report. The range of B normalized release values (g/m?) are:
0.066 to 20.639 for CVS-I, 0.128 to 2.937 for CVS-II Phase 1, 0.173 to 12.701 for CVS-II - .
Phase 2, 0.115 to 44.000 for CVS-II Phase 3, 0.193 to 14.400 for CVS-II Phase 4, and 0.066 to
44.000 for the combined CVS data set [denoted CVS(all)].

Figures B.1 to B.5 in Appendix B contain scatterplot matrices for the glass compositions in
each of the five CVS phases, while Figure B.6 contains the scatterplot matrix for the compositions
from all five CVS phases combined. Figures B.1 to B.3 show that CVS-I, CVS-II Phase 1, and
CVS-II Phase 2 glasses cover their respective experimental regions quite well. Similarly, Figure
B.6 shows that the combined data set covers the overall experimental region very well. This is
expected, since statistical experimental design methods and software were employed to achieve
good coverage of various experimental subregions and the overall experimental region. Some
pairwise scatterplots in Figures B.1 to B.4 and B.6 do not have any points in the upper right hand
corners, but this is due to using multicomponent constraints to exclude such compositions from
study. Figures B.2 to B.4 and B.6 show only single points with the lowest SiO, level, but these
compositions were specially selected outside the specified experimental region. Within the
experimental region, the SiO, range is covered very well. Figure B.3 shows that CVS-II Phase 3
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provides a good coverage of the experimental region relative to most pairs of components, but a
somewhat uneven coverage for a few pairs. This is expected, since CVS-II Phase 3 compositions -
were selected to augment the data available through the completion of CVS-II Phase 2. Also,
compositions with extreme glass property values were selected for CVS-II Phase 3. These goals
for selecting points led to avoiding portions of composition space covered in previous CVS
phases and focusing on undercovered portions, which caused a somewhat uneven coverage of
composition space in CVS-II Phase 3. CVS-II Phase 4 varied selected components one-at-a-time
while keeping all remaining components in the same relative proportions. This proportional
adjustment leads to most points in Figure B.5 scatterplots lying along straight lines, and these
lines are also visible in Figure B.6 for the combined data set. In summary, the data for each of the
five CVS experimental phases (with the possible exception of CVS-II Phase 4), and the combined
CVS data set, should provide good bases for fitting and comparing FOM and FEH models.

4.2 Ramsey Data Set

A paper by Oksoy, Pye, Bickford, and Ramsey® contains mole fraction compositions and
unnormalized PCT releases for 30 glasses. The glasses are from a statistically-designed study of a
seven-component glass composition region investigated by W.G. Ramsey [a Savannah River
Technology Center (SRTC) staff member] as part of his Ph.D. research at Clemson University.
Hence, the data set is referred to as the Ramsey data set in this report. Whereas most of the data
sets used in this report are for glass systems with a large number of components, the Ramsey data
set is different in that it is for a smaller system containing only seven components (AL,O, B,O,,
Ca0, Fe,0,, FeO, Na,0, and Si0,).

The mole fraction compositions and PCT normalized Si, B, and Na releases for the 30
Ramsey glasses are listed in Table A.6 of Appendix A. The normalized releases were calculated
by first averaging unnormalized releases from triplicate PCTs, and then normalizing the averages.

" Only the B normalized releases are used in this report. The range of B normalized release values
for the Ramsey data set is 0.075 to 38.709 g/m?.

The scatterplot matrix in Figure B.7 of Appendix B shows that the Ramsey data set does a
good job of covering its experimental region and that there are no strong correlations among pairs
of components, with one exception. Fe,0; and FeO exhibit a fairly strong positive correlation.
This could make it difficult for mixture models to properly separate the effects of these two
variables on PCT durability.

4.3 West Valley 1987 and 1988 Data Sets

Pacific Northwest Laboratory (PNL) performed two composition variation studies for West
Valley Nuclear Services in 1987 and 1988. Each of these studies investigated 16 glasses in
different composition regions defined in terms of the 11 components Al,O,, B,O;,
BaO+CaO+MgO, Fe,0;, K,0+Li,0+Na,0, MnO,, P,0;, Si0,, ThO,, UO,, and Others (all
remaining components). (Note that UO, was converted to U,O, for the modeling work in this
report to be consistent with Jantzen et al.’) In each of the 1987 and 1988 studies, 15 of the 16
glasses were selected by statistical methods to evenly cover the boundary of the experimental
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region. A sixteenth composition from the center of each region was included in each of the
experimental designs”. PNL tested these glasses with the PCT in 1991 and 1992, and the results
were ultimately published in a 1994 report?.

The mole fraction compositions and PCT averaged normalized B, Li, and Na releases for the
WV87 and WV88 data-sets are given in Tables A.7 and A.8 of Appendix A. Only B normalized
releases are used in this report. The range of B normalized release values for the WV87 data set
is 0.160 to 0.309 g/m? and for the WV88 data set is 0.179 to 0.417 g/m’.

Scatterplot matrices for the WV87 and WV88 data sets are given in Figures B.8 and B.9 of
Appendix B. Many of the pairwise plots in each figure reflect that the designs consist of 15
vertices (boundary points) and one center point of the respective experimental regions. Some
pairwise plots show components having values intermediate in their ranges, but this is possible
with vertices of polyhedral experimental regions. Strong correlations are seen in the plots
corresponding to pairs of components that were grouped, i.e., BaO+CaO+MgO and
K,0+Li,0+Na,0. However, these strong correlations are of no consequence as long as the
grouped components are treated as a single component in mixture modeling efforts. Overall, each
data set covers its experimental region well, in keeping with the statistical experimental design
methods used to select the compositions’.

4.4 WVDP Data Set

West Valley Nuclear Services (WVNS) developed a data set consisting of 58 glass
compositions and PCT elemental releases, and used this data set to develop PCT release models®
for use in the West Valley Demonstration Plant (WVDP), a high-level nuclear waste glass facility.
The 58 glasses were selected to evenly cover a glass composition region centered on the WVDP
target glass composition with boundary taken to be three times the expected process variation.
Although the WVDP target glass composition contains a large number of components, variations
in many of them are not expected to significantly affect PCT releases. Thus, with the exception of
three glasses, only nine components (SiO,, AL,O;, ZrO,, ThO,, N3,0, K,0, Li,0, B,0,, Fe,0,)
were varied in the 58 WVDP glass compositions. This nature of the data set does not support
treating the remaining components as a combined Others component as was done in the CVS
(Section 4.1), because Others is necessarily also constant except for the three glasses. The
variation in Others for the three glasses is small, hence the WVDP data set does not support the
use of an Others component. For purposes of fitting mixture models, the compositions of the nine
components (listed above) were normalized to a total mole fraction of 1.0.

The mole fraction compositioné and PCT averaged normalized B, Li, and Na releases for the
58 WVDP glasses are given in Table A.9 of Appendix A. Only B normalized releases are used in
this report. The range of B normalized release values for the WVDP data set is 0.186 to 10.278

g/m?,

Composition #51 in Table A.9 was determined to be an outlier by WVNS and was not used
in developing their PCT models. Regression diagnostics obtained in fitting the FOM model to all
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58 data points confirmied that #51 was an outlier, and so it was not used for fitting mixture or
FEH models in this report.

The scatterplot matrix for the WVDP data set (without observation #51) is given in Figure
B.10 of Appendix B. The scatterplot matrix used the compositions normalized to a total mole
" fraction of 1.0 for the nine components shown in the plot. The scatterplot matrix shows that the
' WVDP data generally cover the-underlying composition region quite well. The pairwise plots of
Na,0, K0, and Li,O show positive correlations for subsets of the data, but there are sufficient
additional data that this should not be a problem. The pairwise plots involving ZrO, show some
patterns for small subsets of the data, but this likewise should not be a problem. However, the
small mole fraction ranges of ZrO, and ThO, limit assessing component effects and making model
predictions to the small ranges of these components.

4.5 SRTC/DWPF Homogenous Glasses Data Set -

The Savannah River Technology Center (SRTC) tested the PCT durability of many glasses
and developed PCT normalized release prediction models for the Defense Waste Processing
Facility (DWPF) high-level nuclear waste glass plant>. SRTC separated their glasses into
homogeneous and inhomogeneous sets. Glasses were classified as homogeneous if they contain
no crystalline species and are not liquid-liquid phase separated. Glasses with crystallinity or phase
separation were classified as inhomogeneous. PCT normalized releases are often (but not always)
higher for inhomogeneous glasses than for homogeneous glasses, due to higher solubility in water
of one of the phases. Because of this, Jantzen et al.’ modeled PCT normalized releases of
homogeneous and inhomogeneous glasses separately. Only the homogeneous data set is modeled _
here, because the inhomogeneous data set contains too few data points and has other limitations.

The SRTC homogeneous data set (as defined in early 1995) contains 137 glasses, with
triplicate PCT tests performed on each (with a few exceptions). Of'the 137 glasses, 43 are
replicates (i.e., the same glasses tested by the PCT at different times). The averages of the
triplicate PCT releases for each of the 137 glasses are used for modeling in this report. The
triplicate PCT releases for each of the 137 glasses only contain short-term testing and analytical
sources of variation, whereas the replicate glass releases contain longer-term sources of variation.
Using averaged triplicate PCT releases for modeling avoids improperly diluting the experimental
error variance estimate obtained (from the replicate glasses) in least squares regression. Note that
R? values (see Section 5) for mixture and FEH models fitted to averages of triplicate PCT releases
will be somewhat larger than if unaveraged triplicate results were used. This is because models
cannot account for the experimental variation represented by triplicate PCT tests. However, even
" using averages of triplicate PCT results, R? values for this data will be lower than they would be if
the 137 glasses did not include replicates. This should not be viewed negatively, because having
replicates in a data set permits statistically testing fitted models for lack-of-fit. Statistical lack-of-
fit tests are not considered in this report, but the interested reader should see Section 1.5 of
Draper and Smith!®,

The mole fraction compositions and PCT averaged normalized B, Li, and Na releases for the
137 SRTC homogeneous glasses can be found in Table A.10 of Appendix A. Only the B
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normalized releases are used in this report. The range of B normalized release values for the full
~ SRTC homogeneous data set is 0.055 to 35.12 g/m®. The range without the two sets of outlying
compositions (as discussed in following paragraphs) is 0.175 to 9.25 g/m?.

The scatterplot matrix for the 137-point SRTC homogeneous data set is given in Figure B.11
in Appendix B. The scatterplot matrix shows considerable clustering of the glass compositions,
uncovered portions of glass composition space, and a few glasses with outlying values of several
components (e.g., Ca0, Li,0, Na,0, SiO,, and Others). Of particular note is the CaO vs. Na,0
scatterplot, which shows a very strong positive correlation between these components due to a
few compositions. The NBS623 glass, the 14 replicates of the ARM1 glass, and the series of four
MG glasses (MG-9, MG-18, MG-25, and MG-28) were identified as being the outlying
compositions. These compositions are very atypical of the other glasses in the data set, and of

. waste glasses expected to be produced by the DWPF. In fact, several components (not shown in
Figure B.11) varied significantly over the data set only because of these few glasses. Such
atypical, outlying compositions can have a major impact when models are fitted to the data.

Figure B.12 contains the scatterplot matrix without the 19 atypical NBS623, ARM1, and
MG compositions (118 data points). Considerable clustering of compositions, uncovered or
lightly-covered portions of composition space, and outlying component values are still evident in
Figure B.12. Outlying compositions of particular note are the composition with a low SiO, value,
the two compositions with larger MgO values, and the five compositions that have larger values
of both NiO and FeO than the remaining glasses. The FeO vs. NiO scatterplot shows a very
strong correlation between FeO and NiO, indicating that the data do not provide adequate
support for separately determining the effects of FeO and NiO on durability.

In Section 6, FEH and FOM models are fitted to both the whole SRTC homogeneous data
set (referred to as SRTC 137), and also the subset of data obtained by excluding the 19 atypical
data points discussed above (referred to as SRTC 118). The scatterplot matrix in Figure B.11
indicates that extreme caution should be used regarding models developed from the whole data
set. The scatterplot matrix in Figure B.12 after deleting the 19 atypical data points looks better,
but still the data does not cover the composition space as well as might be desired. This could
have undesirable effects on models developed using the SRTC 118 data. Hence, in Section 6 a
FOM model is also fit to a data set obtained by deleting the two compositions with larger MgO
values, and the five compositions with larger values of NiO and FeO (referred to as SRTC 111).
A scatterplot matrix of the SRTC 111 composition data is given in Figure B.13.
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5. Statistics Used to Compare Models

This section describes the goodness-of-fit statistics R%, R%(ADJ), RA(PRESS), and s used to
assess and compare the mixture and FEH models fitted to each of the data sets described in
Section 4. Descriptions and formulas for these statistics are given below. The notation used in
the formulas is defined following the formulas.

R2

R*(ADJ)

R*PRESS)

The fraction of variability in the In(NR) data accounted for by a fitted model.
Z (y,- —ﬁ ,‘)2
R 2 - 1 - I=n 1 i (1 2)
> O, -»)
i=1

The fraction of variability in the In(NR) data accounted for by the fitted model,
adjusted for the number of coefficients and number of data points used in fitting
the model. R*(AD]J) is also useful for comparing fitted models based on different
numbers of coefficients.

3 3, -9, (n-p)
R*4D)) =1 - = (13)
> 0, =D

The fraction of variability in the In(NR) data accounted for by the fitted model,
where each data point is “left out of the fit” in evaluating how well the model
predicts the property for that data point. R2(PRESS) estimates the fraction of
variability that would be explained in predicting new observations drawn from the
same composition space.

. (y,- "}""(i))2
R*(PRESS) = 1 - —1—- . (14)

20,77

The square root of the mean squared error of the fitted model, which is a measure
of the variability of model prediction errors.

(15)
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In the preceding definitions,

n = the number of data points used to fit the model,

p = the number of fitted coefficients in the model,
y; = the measured In(NR) value for the i® data point,
§; = the predicted In(NR) value for the i* data point made using the model fitted

to all n data points,

Vo = thepredicted In(NR) value for the i‘*‘_ data point made using a model fitted to
all n data points except the i

y = the average of the n measured In(NR) values y;.

The numerator of the ratio in (14) is referred to as the PRESS statistic, where PRESS is an
acronym that stands for PRedicted Error Sums of Squares. RZ(PRESS) is also referred to as
cross-validation R? in the literature.

The R? statistic must be between 0 and 1 for models fitted to a data set by least squares.
Generally, R*(ADJ) and R¥(PRESS) also are between 0 and 1, but they can be negative for a
poor-fitting model, a model that contains many more coefficients than needed to fit the data, or a
model fitted to data with one or more very influential data points. The maximum possible values
of the three R? statistics will be less than 1 for a data set that contains replicate compositions
whose y; = In(NR) values are different due to experimental variation, since a model relating
In(NR) to composition cannot account for such experimental variation. Among the three R
statistics, R* > R%(ADYJ), and typically R%(ADJ) > RA(PRESS). More than a minor difference
between R? and R*(ADJ) indicates that the model may contain more coefficients than needed. A
substantial difference between R? and R?(PRESS) indicates that one or more data points are very
influential in determining the fit of the model. Some reduction from R? to R*PRESS) is expected
because R? corresponds to using all data to fit the model, whereas R*(PRESS) corresponds to
leaving each data point out of the fit when evaluating the performance of the model for that point.
In general, a model will tend to predict better for data used to fit it than for data not used to fit it.
Technically, R*(PRESS) evaluates model performance using data not used in fitting the model, so
© it can be considered a “model validation™ rather than a “model evaluation” technique.

The s statistic has the same units as In(NR) [In(g/m?) in this report], and estimates the
experimental standard deviation when the corresponding model is appropriate (i.e., does not have
a statistically significant lack-of-fit) for the data set. When a model is not appropriate (i.e., does
have a statistically significant lack-of-fit), the s statistic will be larger than the experimental
standard deviation. Experience with the PCT on high-level waste glasses indicates that the
experimental relative standard deviation (RSD) for single PCT determinations (i.e., a single PCT
and chemical analysis) conducted on the same glass at different times is approximately 0.06 - 0.14
(see Table F.5 in Appendix F of the report by Hrma, Piepel, et al.%). The work of Hrma, Piepel,
et al.? (Table F.5) also shows that the RSD remains in the same 0.06 - 0.14 range for an average
of two determinations conducted at the same time. Based on that work, it can be concluded that
the RSD would be in the same 0.06 - 0.14 range for an average of three determinations conducted
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at the same time. The RSDs do not decrease much because only short-term variation in PCT
results is being averaged. Then, according to the relationship in (4), the experimental standard
deviation [in In(NR) units] is approximately equal to the experimental RSD (which is unitless).
Hence, the experimental standard deviation in In(NR) units is in the range 0.06 - 0.14 regardless
of whether a single determination, an average of two same-time determinations, or an average of
three same-time determinations is used to represent the PCT release of a glass. The s statistic for
a fitted model can be compared to this 0.06 - 0.14 range to subjectively assess whether the fitted
model may have a statistically significant lack-of-fit. Objective statistical tests for model lack-of-
fit exist (see Section 1.5 of Draper and Smith'®), but are not considered or applied in this report.
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6. Mixture and Free Energy of Hydration Models Fitted to Data Sets

The results of fitting the FEH and FOM models to each of the data sets described in Section
4 are presented in this section. Results from fitting SOM models to three of the data sets are also
presented. The results consist of the fitted model coefficients (obtained by unweighted least
. squares regression) and the goodness-of-fit statistics R? R*(ADJ), R%(PRESS), and s described in
Section 5. The results are compared and discussed in Section 7.

Table 3 contains the results of fitting the FEH model (3) to each of the data sets described in
Section 4. Included in Table 3 are the a and b coefficients and their standard deviations obtained
by least squares regression, as well as the R% R%(ADJ), R%(PRESS), and s statistics.

Table 4 contains the results of fitting the FOM model (1) to each of the data sets described in
Section 4. Included are the b; coefficients and their standard deviations obtained by least squares
regression, as well as the R? R%(ADJ), RA(PRESS), and s statistics. Also included in Table 4 for
each data set are the ¢, and d; coefficients obtained via (5d) from the FEH fitted model for that
data set along with the corresponding standard deviations of the coefficients. For each data set,
the ¢; and d; coefficients calculated from the FEH model can be directly compared to the b,
coefficients from the FOM model. The standard deviations of the coefficients for a given
component can be used to ascertain whether there is a significant difference between the
coefficients for that component.

Ranges of coefficients and standard deviations for the Others component in the FEH model
(converted to the form of a FOM model) are also included in Table 4. A single Others coefficient
and standard deviation exists only if the “Others mix” is fixed for all glasses in a data set, as is the
case for the CVS-I data set. However, the remaining data sets have different “Others mixes” for
different glasses in the data sets. In such cases, an Others component coefficient was computed
for each glass as a weighted average of the coefficients for each component making up Others,
with the relative mole fractions of components in Others used as weights. Also, the coefficient for
each component making up Others was computed per (5d) for each data set, with the results
given in Table 5. A standard deviation was computed for each Others component coefficient for
each glass. The ranges of Others coefficients and standard deviations obtained across all the
glasses in each data set are summarized in Table 4. -

Reduced SOM models (i.e., SOM models containing only some of the second-order terms)
were fitted to the WVDP, CVS(all), and Ramsey data sets. The resulting fitted models and
goodness-of-fit statistics are given in Table 6. Stepwise regression techniques'® were used to add
statistically significant second-order terms (squares or crossproducts of oxide component mole
fractions) to FOM models.

The reduced SOM model given in Table 6 for the Ramsey data was obtained via stepwise
regression using a very conservative stopping criterion. Stepwise regression with a less
conservative stopping criterion, as well as all-subsets regression'® (in which all possible
combinations of second-order terms taken two, three, four, ... at-a-time are added to the first-
order mixture model), suggested that adding up to six second-order terms may improve the model
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fit. However, several models of each size (number of second-order terms added) have nearly
identical R? values, and thus it was difficult to pick just one of them for inclusion in Table 6. To
make this point clearer, the following chart shows the R? values for five options of adding five
second-order terms to the first-order mixture model:

Total Number .

Model Terms RrR? Second-Order Terms Added to First-Order Model
12 0.97634665 Si0,*Ca0, B,0;*Na,0, B,0,*FeO, Na,0*Fe,0,, Na,0*AL0,
12 0.97440217 Si0,*AlL,0,, Na,0*Fe,0;, Na,0*Al,0,, CaO*Fe,0;, CaO*Al0,
12 0.97418499 Si0,*Al,0,, Na,0*FeO, Na,0*Al,0,, CaO*Fe,0,, CaO*ALO,
12 0.97415623 Si0,*Ca0, Na,0*Fe,0,, Na,0*Al,0,, CaO*AL0,, B,0,*B,0,
12 0.97325151 Si0,*Ca0, B,0,*Na,0, B,0,*Fe,0,, Na,0*Fe,0,, Na,0*AL,0,

Care must be taken regarding the interpretation of second-order terms in reduced SOM
models. The second-order terms selected for the reduced SOM models are those that most
improved the model fit for each data set, and are not necessarily interpretable or explainable from
a glass science perspective. Squared and crossproduct terms are always correlated with each
other and with the first-order terms. The magnitudes of these correlations are influenced by the
magnitudes of correlations among the glass components for each data set. These correlations can
cause stepwise regression to select second-order terms that may or may not directly represent the
true underlying curvilinear or interactive behavior of components. The chart above for the
Ramsey data set shows how several possible sets of second-order terms can yield similar
goodness-of-fits. Our practical experience is that some but not all second-order terms selected by
stepwise regression correspond to behavior expected from glass science principles. However,
even if second-order terms indirectly rather than directly account for underlying nonlinear
behavior, the resulting reduced SOM models are still useful for predicting In(NR) values for
glasses in the same composition region as the glasses used to develop the models.

Predicted versus measured plots are given in Appendix C for the free energy of hydration,
FOM, and reduced second-order mixture models fitted to the various data sets. Such plots are

usefull in assessing how well the model fits the data set used to develop it. A discussion of what
to look for in such plots is given at the start of Appendix C.
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Table 3. Coefficients and Goodness-of-Fit Statistics for Free Energy of
Hydration Models Fitted to In(PCT Normalized B Release in g/m?)

Coefficient CVSI CVSIIL.1 Cvs-11.2 CVS-11.3 CVSs-1I4 CVS (all)
a (intercept)  -2.3584 -2.2001 -1.1381 -2.7293 -2.7236 -2.3093
sd(a) (0.7066) (1.0687) (0.5980) (0.4639) (0.4705) (0.2734)
b (slope) -0.5047 -0.3015 -0.2046 -0.4395 -0.5302 -0.4081
sd(b) (0.1165) (0.1898) (0.0944) (0.0638) (0.0683) (0.0415)
RrR? 0.472 0.129 0.113 0.537 0.741 0.400
R*(ADJ) 0.447 0.078 0.089 0.525 0.729 0.396
R*PRESS) 0.394 -0.316 -0.007 0.496 0.690 0.384
s 1.364 0.973 1.171 1.192 0.662 1.169
. SRTCHomo SRTC Homo.
Coefficient RAMSEY wvg7 WVs8s WVDP 137 Obs. 118 Obs.
a (intercept)  -3.5570 -2.1005 -2.2325 -3.8233 -4.8609 -5.1678
sd(a) (0.3791) (0.2298) (0.2565) (0.3898) (0.2073) (0.2398)
b (slope) -0.4380 -0.1262 -0.1476 -0.4600 -0.6138 -0.6665
sd(b) (0.0504) (0.0485) (0.0390) (0.0485) (0.0294) (0.0344)
R? 0.730 0.326 0.506 0.620 0.763 0.764
R*ADJ) 0.720 0.278 0.471 0.614 0.762 0.762
R*(PRESS) 0.673 0.098 0.361 0.594 0.751 0.752
s 0.867 0.155 0.195 0.714 0.583 0.547
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Table 4. Coefficients, Coefficient Standard Deviations (in parentheses), and
Goodness-of-Fit Statistics for First-Order Mixture Models and Rewritten Free Energy
of Hydration Models for In(PCT Normalized B Release, g/m?)

CVSI CVS.I.1 CVSII2 CVS.IL3
Component  Mixture FEH Mixture FEH Mixture FEH Mixture FEH
ALO, 41.13 2138 34.54 -13.56 6381 -8.85 -39.85 -19.29
(3.49) (5.0 (1528) (8.20) (1091) _ (4.13) (340) (2.84)
B,0, 9.42 291 11.59 0.94 19.17 1.00 17.48 1.85
(1.75) (0.64) (6.87)  (0.96) (3.58)  (0.46) (2.53) (0.30)
CaO 346 461 -5.66 1.96 -14.41 1.69 -12.76 3.34
2.70)  (1.00) (5.56) (1.59) (3.95) (0.76) (514 (0.49)
Fe,0, -14.84 971 2761  -6.59 1362 412 -1197 913
(523) (236) (21.96) (3.81) (10.75) _ (1.95) (6.80) _ (1.37)
Li,0 7.69 9.77 535 505 18.96 3.78 12.89 7.84
204 (217 (10.84) (3.52) (439 17D (2.13) (1.12)
MgO 8.92 0.96 087 -022 5.14 021 11.68 0.16
(2.08) (03D (631) (0.30) (3.02) (0.19) (4.80) (0.18)
Ns,0 13.16 24.44 1241 13.81 24.49 9.72 19.97  20.60
(2.56)  (5.54) (9.68) _ (9.03) (4.03)  (4.45) (197) (2.96)
Sio, 201 440 - 559 342 536  -1.97 569 -4.51
(0.88) (1.15) (425 (1.83) (141 (097N (1.00)  (0.71)
Zr0, -17.06 -11.19 092 747 4024 4.72 2841 -1042
(4.6 (270 (17.60)  (4.37) (11.54) _ (223) (5.69) _ (1.55)
Others 3239  0.96® 15.05%  02910-0.22® 4320 -0.17t02.16® -0.78®  -3.011t0 19.95®
@.71) (031 (13.95) (02710 0.30) (7.54) (0.19t00.97) (623) (0.18102.87)
prevalent 022 021" 0.16
values (0.30) 0.19) (0.18)
R? 0954 0472 0.794  0.129 0.694 0.113 0911 0537
R¥ADJ) 0.921 0447 0.588  0.078 0.599  0.089 0.887  0.525
R*PRESS) 0.880  0.394 0281 -0316 0310 -0.007 0.848 0496
s 0515 1364 0.651 0973 0.777 1171 0.582 1.192

(@) The Others coefficient in the first-order mixture model may be considered to be an average coefficient for all the components
contained in Others.

" (b) Others coefficients for FEH models were computed by forming a weighted average of the coefficients for the individual Others
components, where the relative proportions of the Others components were used as weights. This can yield different weighted
averages across the data points in the data set, so the ranges of coefficient values and standard deviations are reported. There is no
range for CVS-I glasses, since the relative proportions of components in Others are the same for each of these glasses. For CVS-IL1,
CVSIL2, and CVS IL3, the majority of glasses have the same relative proportions in Others as in CVS-I, and these “prevalent”
coefficients and standard deviations are also shown.
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Table 4. Coefficients, Coefficient Standard Deviations (in parentheses), and

Goodness-of-Fit Statistics for First-Order Mixture Models and Rewritten Free Energy

of Hydration Models for In(PCT Normalized B Release, g/m?) (continued)

CVS-Ii4 CVS(all) RAMSEY
Component Mixture FEH Mixture FEH Mixture FEH
ALO, -32.63 -22.70 -40.81 -17.69 -26.45 -20.06
(4.94) (3.03) (2.31) (1.82) (2.78) (2.25)
B,0, 1142 2.81 12.82 1.95 ) 8.80 1.01
(3.98) (0.30) (1.23) (0.20) (2.94) (0.24)
Ca0 34.90 4.60 -7.79 3.33 -8.13 249
(36.88) (0.51) 1.79) (0.33) (2.949) (0.39)
Fe,0, (b) -10.44 -8.39 -8.25 -26.08 -9.93
(1.45) (3.98) (0.87) (7.80) (1.09)
FeO (a) @ )] (a) 38.60 5.79
(23.44) (0.75)
Li,0 2235 10.02 10.63 7.50 (a) (®)
(4.57) (1.20) (1.28) (0.75)
MgO 27.65 0.77 7.01 0.38 @ ()
(21.08) (0.14) (1.46) (0.10)
Na,0 2245 25.42 17.53 19.36 17.31 19.70
(3.66) (3.18) (1.18) (1.95) (2.78) (2.34)
Sio, -2.98 -4.87 -4.05 -3.96 -3.57 -5.33
(1.01) (0.74) (0.55) (0.43) (1.36) (0.57)
Z10, ®) -12.00 -20.90 945 ® ®
(1.65) (3.54) (0.99)
Others -41.04® 0.64 to 0.76© 0.98© -2.57 t0 18.759 © ©
(11.54) (0.14100.14) (3.39) (0.10 t0 1.89)
prevalent 0.76 037
values 0.14) (0.10)
R? 0.899 0.741 0.810 0.400 0.880 0.730
R¥ADY) 0.852 0.729 - 0.798 0.396 0.848 0.720
R’ (PRESS) 0.7099 0.690 0.776 0.384 0.769 . 0673
s 0.489 0.662 0.677 1.169 0.638 0.867

(a) Component not included or determined for glasses in this data set.

(b) Fe,0; and ZrO, were included in the Others component for fitting the first-order mixture model,
since CVS-II Phase 4 consisted of experiments varying SiO,, B,0,, Na,0, Li,0, C30, MgO, and ALO,
one-at-a-time. Hence, the effects of Fe,0, and ZrO, are highly correlated with the effect of Others,
and cannot be separately estimated.

(c) The Others coefficient in the first-order mixture model may be considered to be an average
cocfficient for all the components contained in Others.

(d) Others coefficients for FEH models were computed by forming a weighted average of the coefficients
for the individual Others components, where the relative proportions of the Others components were used
as weights. This can yield different weighted averages across the data points in the data set, so the ranges
of cocfficient values and standard deviations are reported. For the CVS-IL4 and CVS(all) data sets, the
majority of glasses have the same relative proportions in Others as in CVS-I and other CVS-II phases, and
these “prevalent” coefficients and standard deviations are also shown.

(¢) No other components in this data set.

(f) Computed in a modified way, since the data set does not support fitting a CaO model term when glass
CVS2-116 is deleted from the data set. The PRESS contribution with CVS2-116 deleted was obtained by
including CaO in Others. CaO was retained in the model for the remaining PRESS contributions.
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Table 4. Coefficients, Coefficient Standard Deviations (in parentheses), and
Goodness-of-Fit Statistics for First-Order Mixture Models and Rewritten Free Energy
of Hydration Models for In(PCT Normalized B Release, g/m?) (continued)

WV87 WV88 WVDP
Component Mixture(a) FEH Mixture(a) FEH Mixture FEH
ALO, 9.77 -6.86 -14.69 <179 -14.07 21.16
(2.38) (2.06) .21 (1.72) (8.50) (221)
B,0; 3.18 -0.78 1.79 -0.69 14.53 0.97
(1.89) (0.28) (0.85) (0.16) (18D 0.16)
BaO -6.28 0.82 3.51 1.19 (b) ®
(1.99) (0.90) (1.20) (0.65)
CaO 628 0.36 3.51 .19 ®) ®)
(1.99) (0.45) (1.20) (0.29)
Fe,0, -0.29 3.94 -0.39 4.38 -10.63 -10.52
(1.90) (0.93) (1.42) (0.82) (4.36) (1.09)
X,0 5.86 7.54 5.26 9.05 14.44 31.32
.37 (3.48) (0.60) (2.73) (6.22) (333
Li,0 5.86 0.93 5.26 1.32 9.08 7.24
(1.37 (0.94) (0.60) (0.69) (2.80) 0.79
MgO -6.28 -1.27 3.51 -1.26 ®) ®)
(1.99) (0.10) (1.20) (0.05)
MnO 1.10 0.98 898 - 138 ) (b)
(3.09) (0.96) 247 (0.70)
Ns,0 5.86 4.60 526 5.60 7.29 20.60
137 (235 (0.60) (1.82) (3.50) (220)
P,0; 0.77 125 9.96 1.69 ® ®)
(4.95) (1.06) .17 (0.78)
Sio, 4.49 2.61 3.65 2.83 -6.09 -5.69
(0.60) (0.42) (0.38) (0.41) (0.98) (0.58)
ThO, 13.09 4.53 8.13 5.07 -5.36 -12.67
(6.38) (1.16) (4.90) (1.00) (18.56) (1.31)
U0, 15.79 0.90 50.44 1.28 ) ®)
(66.78) (0.93) (21.10) (0.68)
Z10, ®) ®) ®) ® 31.14 -11.87
(30.22) (1.23)
Others 3.520 264102489 3,059 2.81 t0 -2.78¥ © 0.0110 1.62@
.07 (037 to 0.44) 0.92) (0.40 to 0.41) (0.10t0 0.22)
R? 0517 0326 0.980 0.506 0.842 0.620
R*ADY) 0.750 0278 0.939 0471 0.816 0.614
R*(PRESS) 0.165 0.098 0.793 0.361 0.780 0.594
s 0.091 0.155 0.066 0.195 0.493 0.714

(a) BaO+CaO+MgO and X,0+Li,0+Na,O were each treated as combined components, so that the same
coefficients are listed for the separate components in each group.

(b) Included in the Others component for this data set-see Table 5.

(c) The Others coefficient in the first-order mixture model may be considered to be an average

coefficient for all the components contained in Others.

(d) Others coefficients for FEH models were computed by forming a weighted average of the coefficients
for the individual Others components, where the relative proportions of the Others components were used
as weights. This can yield different weighted averages across the data points in the data set, so the ranges
of coefficient values and standard deviations are reported.

(¢) All Others components have constant mass fraction values except for minor variations in three

glasses, and there is little variation in mole fractions. This is insufficient to estimate a separate

cocflicient for Others. The nine components varied in the WVDP data were renormalized to a total
mole fraction of 1.0 and then the first-order mixture model was fitted.
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Table 4. Coefficients, Coefficient Standard Deviations (in parentheses), and
Goodness-of-Fit Statistics for First-Order Mixture Models and Rewritten Free Energy
of Hydration Models for In(PCT Normalized B Release, g/m?) (continued)

SRTC 137 SRTC118 SRTC 111
Component  Mixture FEH Mixture  FEH Mixture.  FEH®

ALO, -32.03 -27.99 -30.48 -30.28 -22.29
(2.04) (1.31) 2.7 (1.53) (3.26)

B,0, 417 154 614 178 4.44
(1.83) (0.12) (2.52) (0.13) (2.54)

CaO -2.08 3.62 20.29 4.04 5.40
(3.42) (0.21) (11.21) (0.25) (11.16)

Cr,0, 109.45 -12.20 76.65 -13.13 13.35
(65.13) (0.55) (71.02) (0.65) (70.85)

CuO 133.56 1.69 72.90 195 - 44.86
(38.83) (0.12) (44.36) (0.14) (48.43)
Fe,0, -19.44 -13.80 -22.97 -14.87 -14.49 -
(3.06) (0.63) (4.61) (0.74) (4.64)

FeO 29.35 8.23 2473 9.05 61.42
(4.72) (0.43) (5.25) (0.50) (12.32)

K,0 -30.08 42.04 -21.89 45.76 -14.01
(71.37) (2.05) (8.19) (2.39) (8.03)

Li,0 5.39 9.90 541 10.85 3.20
(2.08) (0.51) (3.04) (0.59) (2.98)

MgO 4.85 -0.82 7.91 -0.78 19.19
(5.06) (0.05) ) (6.19) (0.05) (8.93)

MnO 18.75 10.14 14.12 11.12 -3.43
(7.10) (0.52) (7.43) (0.61) (9.37)

Na,0 21.07 27.73 19.56 30.22 16.98
(1.50) (1.36) (1.82) (1.59) (1.87)

Nio -48.18 -5.09 -40.15 -5.41 -0.09
(14.04) (0.22) (15.86) (0.25) (21.19)

Si0, -3.62 -7.35 -4.20 -7.87 -4.47
. (0.38) (0.32) (0.68) (0.38) (0.65)

TiO, 61.91 -14.85 56.79 -16.01 ) 41.81
(12.68) (0.68) (12.78) (0.80) (12.74)

Others -54.24®  .15.60t0 18.94® 10.92®  -16.82 t0 20.68® 30.01
(7122)  (0.05100.94) (2075)  (0.05t01.10) (20.95)
R? 0.9619  0.763 0.9619  0.764 0.968
R(AD)) 0.956 0.762 0.955 0.762 0.963
RZ(PRESS) 0.935 0.751 0.937 0.752 0.949
[ 0.251 0.583 0.237 0.547 0.215

(8) The Others coefficient in the first-order mixture model may be considered to be an average coefficient
for all the components contained in Others.

(b) Others coefficients for FEH models were computed by forming a weighted average of the coefficients
for the individual Others components, where the relative proportions of the Others components were used
as weights. This can yield different weighted averages across the data points in the data set, so the ranges
of coefficient values and standard deviations are reported.

(c) Although the various R? values are nearly identical for the 137-, 118-, and 111-observation data sets, the
models for 118 and 111 observations fit those data sets considerably better than the 137-observation model.

(@) The FEH model for SRTC 111 is essentially the same as for SRTC 118, and so is not reported here.
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Table 5. Coefficients of Others Components for Free Energy of Hydration Models Written
in the Form of First-Order Mixture Models for In(PCT Normalized B Release in g/m?)

Others

Component® CVS-1 CVS-IL1 CVS-II.2 CVS-IL.3 CVS-II.4 CVS(all)
AgO ®) ®) ®) 273 ®) 231
As,0, ®) ®) ®) -17.52 () -16.04
BaO 9.34 479 3.60 7.46 9.57 7.15
Cdo -1.49 -1.68 -0.78 -1.97 -1.81 -1.60
Ce,0, 20.34 11.36 8.06 17.04 21.12 16.05
CoO ®) ®) ®) 0.07 ®) 0.29
Cr,0, -8.39 -5.80 -3.58 -7.98 -9.06 -7.19
Cs,0 38.21 22.03 15.31 32.60 39.89 30.49
CuO 3.03 1.02 1.05 1.96 2.94 2.05
F 2236 220 -1.14 273 272 2231
FeO . ® (®) (b) (®) ® ®
X,0 ®) ®) ®) 30.85 ®) 28.87
La,0, 21.76 12.21 8.64 18.27 22.61 17.19
MnO 9.98 5.17 3.86 8.01 10.23 7.66
MoO, -10.67 -7.16 -4.51 -9.96 -11.45 -9.03
N4,0, 16.71 9.19 6.59 13.88 17.31 13.11
NiO -2.55 231 -1.21 -2.89 -2.92 -2.46
P,0, 11.04 5.80 429 8.94 11.35 8.53
PbO ®) 'O ®) -11.97 ®) -10.89
PdO -236 -2.20 -1.14 273 272 -2.31
Pdo, ® (®) ® ®) ® ®)
Pr,0,, 236 -2.20 -1,14 273 272 2231
Rb,0 41.16 23.80 16.50 35.17 43.00 32.88
RhO, ® ®) (®) (®) ® (®)
Rh,0, -2.36 220 -1.14 2.73 272 2231
RuO, -31.28 -19.48 -12.86 22791 - -33.10 -25.69
SO, -2.36 -2.20 -1.14 273 272 2231
Sb,0, ®) ®) ®) 13.78 ®) . 13.02
Se0, ®) ®) ®) 0.70 ®) 0.87
Sm,0, -2.36 -2.20 -1.14 273 272 2231
Sro 7.59 3.75 2.90 5.94 7.73 5.74
TeO, ) ®) () -8.01 ®) 721
ThO, (®) ® (®) ® ® ®
TiO, ®) ®) ®) -9.88 ®) -8.95
U,0, (®) (®) 3.73 ®) ® 7.39
WO, ® (®) (®) ®) ® ®
Y,0, 4.16 1.69 1.50 2.94 4.12 2.96
Zn0 (®) -2.48 -1.33 3.13 321 -2.68

(a) Component coefficients were computed according to the two parts of Equation (5d), depending on whether
or not a component is in S, the group of components assumed to be associated with SiO, in glass dissolution
reactions. Authorization has not been given to publish which components are in the group S. If and when such
authorization is received, a revised version of this table may be requested from the first author.

(b) Component was not included or determined for glasses in this data set.
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Table 5. Coefficients of Others Components for Free Energy of Hydration
Models Written in the Form of First-Order Mixture Models for
In(PCT Normalized B Release in g/m?) (continued)

Others ) SRTC Homo. SRTC Homo.
Component(‘) Ramsey wWVv87 wWV8s WVDP All 137 Obs. 118 Obs.
Ag0 ®) ® ® ® ®) ®)
As)0, (®) ® (®) ® ® ()
BaO () © © 6.84 9.37 10.28
Ca0 © © © 2.53 © ©
Cdo (®) ®) ®) . (®) (®) ®
Ce,0, (b) 3.58 4.41 16.87 22.75 24.81
CoO (®) ® ® -0.89 ()] ®
Cr,0, ) -3.61 -4.00 -9.32 © ) ©)
Cs,0 ®) 8.04 9.63 33.15 4448 48.41
CuO (®) -0.75 -0.66 1.09 (©) ©)
F (b) (®) ®) (®) () ®
FeO © )] (®) (®) © ©
Fe,0, © © (©) © © ©
K,0 ® © © © @© - ©)
La,0, (b) 3.93 4.82 18.16 24.47 26.68
MgO ) ® © © -0.80 © ©
MnO ®) © (c) 7.42 () (©)
MoO, ®) -4.18 -4.66 -11.39 -14.96 -16.14
Nd,0, ) 2.67 3.35 13.56 18.33 20.02
NiO () -2.15 -2.29 -3.99 (©) ©)
PO, ®) () () 8.39 11.44 12.53
PbO ®) ®) ®) ®) -17.77 -19.18
Pdo ® ® ® - -3.82 ® ()
PdO, (®) (®) (®) () ®) ®)
Pr,0,, () -2.10 -2.23 -3.82 (b) ®)
Rb,0 ®) () ®) ® ®) ®
RhO, (®) ® ® . =382 ®) ®
Rh,0, () ®) () ®) (® ®)
. RuO, ®) ®) ® -30.18 (®) ®)
SO, ®) -2.10 -2.23 -3.82 ®) ®)
Sb,0, (®) (b) (b) (b) ® ®
Se0, (®) ® ® ®) (®) ®
Sm,0, () 2.10 223 3.82 ®) ®)
SrO . ®) - 0.39 0.68 5.25 7.24 7.98
TeO, ® (®) ®) " () ® ®)
ThO, (® © ) ©) © () ®
TiO, ®) . -4.15 -4.63 -11.31 (c) ()
U,0, ()] © © 7.11 (®) ()
WO, ® (®) ® ®) ® ®
Y.0, ®) -0.47 -0.33 2.12 () . ®)
ZnO ®) 222 - -2.37 -4.25 - -543 -5.78
Zr0, () 431 -4.81 © 1560 -16.82

(8) Component coefficients were computed according to the two parts of Equation (5d), depending on whether

or not a component is in S, the group of components assumed to be associated with SiO, in glass dissolution reactions.
Authorization has not been given to publish which components are in the group S. If and when such authorization is
received, a revised version of this table may be requested from the first author.

(b) Component was not included or determined for glasses in this data set.

(©) Component was not in Others component for this data set--see Table 4 for coefficient.
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Table 6. Coefficients, Coefficient Standard Deviations (in parentheses), and
Goodness-of-Fit Statistics for Reduced Second-Order Mixture Models
for In(PCT Normalized B Release, g/m?)

WVDP CVS(all) RAMSEY
Model Term Coefficient Model Term Coefficient Model Term CocfTicient
(sd) ’ (sd (sd)
ALO; -21.89 ALO, -94.71 ALO, -56.16
(6.62) (7.85) (8.57)
B,0, 40.02 B0, 11.78 B,0O, 9.31
(6.83) (1.50) (2.35)
CaO ®) Ca0O 13.55 Ca0 -7.63
4.67) (2.33)
Fe,0,4 -73.47 Fe,0, ) -18.85 Fe,0, -25.59
(27:79) (4.18) (6.35)
FeO &) FeO (@ FeO 10.28
(20.78)
X,0 16.04 "K,0 (b) K,0 (a)
(5.22)
Lj,0 2747 Li,0 11.30 Li,0 (®
(9.45) (1.03)
MgO ®) MgO 11.54 MgO (a)
(1.63)
Na,O 7.87 Na,O 2048 Na,O 14.25
(3.07) (1.13) (2.33)
Sio, -5.18 Sio, . 344 Sio, -1.24
(1.38) (0.51) (1.22)
ThO, -240.17 ThO, (a) ThO, (a)
(72.48) :
210, -41.61 Zr0, -25.34 Z10, (a)
(26.97) (2.81)
Others ©) Others 3439 Others ©
(2.65) )
Fe,0,*Fe;0, 805.57 Al,0,*ALO, 406.09 ALO,*ALO, 185.40
(221.73) (54.04) (59.64)
B,0;*K,0 22891 . Na,0*CaO -111.56 AL O;*Fe,0, 186.30
(82.04) (27.93) (72.80)
ThO,*ThO, 11850.0 B,0,*Ca0 -82.09
(3870.25) (26.72)
B,0;*Lj,0 -145.12 MgO*AlL0, -109.80
(70.02) (37.00)
Fe,0,*A1,0,4 459.62
(137.24)
B,0,*Al,0, 85.79
(31.74)
RrR? 0.923 0.892 0.931
R*ADY) 0.903 0.879 0.905
R*(PRESS) 0.874 0.860 0.825
s 0.358 0.523 0.504

(a) Component was not included or determined for glasses in this data set.
(b) Included in Others component for this data set.

(c) Essentially only nine components were varied in the data set, and the mole fractions of these nine
components were renormalized to a total mole fraction of 1.0 prior to fitting the model.

(d) The Others coefficient in the first-order mixture model may be considered to be an average
coefficient for all the components contained in Others.

(e) No other components are in this data set.
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7. Discussion

The following subsections discuss various aspects of the first-order mixture, second-order
mixture, and free energy of hydration models fitted to the data sets described in Section 4.

7.1 Free Energy of Hydration Model Results

Table 3 shows that the fitted FEH models have R? values between 0.113 and 0.764 [i.e., the
models account for between 11.3% and 76.4% of the variation in In(NR) values in the various
data sets]. The R*(ADJ) value for the model fitted to each data set is close to the corresponding
R? value since, with only two coefficients estimated from each data set, it is unlikely the data are
overfitted (i.e., that there are unneeded coefficients). R*(PRESS) values are reasonably close to
the corresponding R%(ADJ) and R? values, except for the CVS-IL.1, CVS-I.2, WV87, and WV88
data sets. For the first three of these data sets, the FEH model fits the data very poorly, so poor
validation performance (including negative RZ(PRESS) values for the CVS-II.1 and CVS-IL.2 data
sets) is not surprising. For the WV88 data set, the drop from R* and R(ADJ) to R%(PRESS) is
not as large, and the FEH model fits better than for the CVS-II.1, CVS-II.2, and WV87 data sets.

The s statistics in Table 3 are generally much larger than the 0.06 - 0.14 range suggested in
Section 5 for subjectively assessing model lack-of-fit. The WV87 and WV88 data sets are
exceptions, where the s values are only slightly larger than the 0.06 - 0.14 range. In general, the
FEH models appear to have significant lack-of-fits for all of the data sets.

Predicted versus measured plots (see start of Appendix C for a discussion of such plots) for
the FEH models are given in the odd numbered figures in Appendix C (i.e., Figures C.1, C.3, ...
C.23). For the CVS-IL1, CVS-I1.2, and WV-87 data sets, the FEH models yield roughly
constant predictions that do not correlate with the variation in measured PCT normalized B
releases. For the CVS-I, CVS-11.3, CVS(all), Ramsey, and WVDP data sets, the FEH models
tend (in varying degrees) to overpredict lower PCT normalized B releases and underpredict higher
releases. For the CVS-IL.4 data set, the FEH model has a slight tendency to overpredict smaller
and larger B releases and underpredict intermediate B releases. For the WV88 data set, the FEH
model does not appear to be significantly biased, but has considerable uncertainty in predicted B
releases. For the SRTC homogeneous data, both the 137-observation and 118-observation FEH
models have biased prediction behavior below about 1 g/m?.

7.2 First-Order Mixture Model Results

Table 4 shows that the fitted FOM models have R? values between 0.694 and 0.980 [i.e., the
models account for between 69.4% and 98.0% of the variation in In(NR) values in the various
data sets]. Significant decreases in R%(ADJ) compared to R? occur for the CVS-IL.1, CVS-IL.2,
and WV87 data sets, indicating it may be possible to reduce the numbers of components (terms)
in the models for these data sets. Significant decreases in R3(PRESS) compared to the
corresponding R?(ADJ) and R? values occur for the CVS-II.1, CVS-IL.2, CVS-IL.4, WV87, and
WYV88 data sets, indicating the presence of influential data points. Because all of these data sets
resulted from statistically designed experiments, having one or more compositions much different
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from the others is not a potential explanation for influential points. One possible explanation is
that data points can be influential for FOM models when the true behavior is really second-order.
Another potential explanation exists for the CVS-I, CVS-I1.4, WV87, and WV88 data sets, which
contain only a few more points than model terms. In such cases, many data points can be
influential due to the small size of the data set. The fact that influential data points exist for a
given data set and model may or may not adversely affect the model’s predictive ability.

The s statistics in Table 4 for the FOM models are generally larger than the 0.06 - 0.14 range
suggested in Section 5 for subjectively assessing lack-of-fit of models. The WV87 and WV88
data sets are exceptions, where the s values are within the 0.06 - 0.14 range. This is likely due to
the relatively small composition regions and narrow ranges of PCT normalized B releases for the
WV87 and WV88 data sets. FOM models fitted to such data often perform extremely well.

FOM models appear to have slight to moderate lack-of-fits for the other data sets, although not as
large as the lack-of-fits for the FEH models. Such lack-of-fits are likely due to the presence of
curvilinear and interactive effects of glass components on In(PCT B normalized release).

Predicted versus measured plots (see start of Appendix C for a discussion of such plots) for
the FOM models are given in the even numbered figures in Appendix C (i.e., Figures C.2, C.4, ...
C.24). The FOM models do not show any significant prediction bias for any of the data sets,
although there are indications of possible slight biases for certain data sets. The FOM models for
the various CVS data sets show a slight tendency to underpredict very low PCT normalized B
releases (< 0.2 g/m?). The model for the Ramsey data shows a possible tendency to underpredict
larger B releases (> 30-35 g/m?). The uncertainty in model predictions (represented by the scatter
of the points about the 45° line in the predicted versus measured plots) appears to be quite small
for all data sets except CVS-IL.2, CVS(all), and WVDP, for which moderate uncertainty is seen.
Also worth noting is that the FOM model for the WVDP data significantly overpredicts the B
release for data point #11 (Ratio5 glass). This point was not greatly influential, and so was
retained for use in developing the models.

7.3 Second-Order Mixture Model Results

The reduced second-order mixture models fitted to the WVDP, CVS(all), and Ramsey data
sets have R? values that are noticeably larger than the R? values corresponding to the FOM
models (see Tables 4 and 6). The increase in R was from 0.842 to 0.923 for the WVDP data,
from 0.810 to 0.892 for the CVS(all) data, and from 0.880 to 0.931 for the Ramsey data. For all
three data sets, the SOM model R%(ADJ) and R*(PRESS) values are typical amounts below the
corresponding R? values, indicating that the reduced-second order models do not appear to overfit
the data and that there are no highly influential data points. Hrma, Piepel, et al.® and subsequent
unpublished PNL work have shown that indeed there are second-order component effects in the
CVS durability data. Other work in the waste glass community has also demonstrated curvilinear
and interactive effects of glass components on glass durability.

Although the second-order mixture models improve on the FOM models, the s statistics
(0.358 for the WVDP data, 0.523 for the CVS(all) data, and 0.504 for the Ramsey data) indicate
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that they still may have some lack of fit. However, this lack of fit may not be practically
significant depending on how the models might be used.

Predicted versus measured plots are given in Figures C.25, C.26, and C.27 for the reduced
second-order mixture models fitted to the WVDP, CVS(all), and Ramsey data sets. For the
WVDP data, comparing Figure C.25 to the corresponding plot for the FOM model in Figure C.20
shows that the reduced second-order model has better precision. For the CVS(all) data,
comparing Figure C.26 to the corresponding plot for the FOM model in Figure C.12 shows that
the tendency for biased predictions at smaller and larger B release values was slightly reduced,
and that precision is somewhat better. For the Ramsey data, comparing Figure C.27 to the
corresponding plot for the FOM model in Figure C.14 shows that the second-order model has
corrected the tendency toward underpredicting larger B releases.

7.4 Comparing Goodness-of-Fits of Mixture and Free Energy of Hydration Models

The FEH and FOM models are first compared by evaluating their goodness-of-fit statistics
[R? R*(AD]J), and s] and the predictive validation statistics [R3(PRESS)] listed in Table 4.
Comparing these statistics shows that the FOM model fits and predicts better (usually
substantially better) than the FEH model for all data sets. This should not be surprising, given the
Section 3 result that the FEH model is a restricted form of the FOM model. The FEH approach
assumes that the effects of glass components on durability are adequately represented by
component FEH values (all adjusted by the same slope “b” and intercept “a” estimated from each
data set), whereas the FOM approach lets each data set indicate the effect of each component.
For each data set where the FOM model performs much better than the FEH model, the
implication is that the component FEH values do not adequately represent the effects of the
components on durability over the composition region covered by the data set. Table 4 shows
that the FOM component coefficients vary from data set to data set, which implies that the
relative effects of components depend on the composition region covered by the data set. The
FEH model approach considered in this report does not allow for the relative effects of
components to depend on the composition region.

Predicted versus measured plots (Figures C.1 to C.24 in Appendix C) are also used to
compare the performance of FEH and FOM models. The plots for the FEH and FOM models for
a particular data set are given on the same page in Appendix C to facilitate their comparison.
FOM model predictions for the various data sets are generally free from bias, whereas FEH model
predictions are much more prone to bias. FOM model predictions are generally much more
precise than FEH model predictions, evidenced by the tighter scatter of points about the 45° lines
inFigures C.2, C .4, ..., C.22, and C.24 compared to Figures C.1, C.3, ..., C.21, and C.23.

The predicted versus measured plots for the reduced SOM models fitted to the WVDP,
CVS(all), and Ramsey data sets given in Figures C.25, C.26, and C.27 improve slightly over the
corresponding FOM plots, which in turn are better than the corresponding FEH plots.

The ideal basis to compare the performance of the FEH, FOM, and reduced SOM models
would be to have some additional data for each data set that were not used to develop the models.

.35




However, this is not possible, since all data in each data set were used to develop the models.
Data from other data sets in this study that fall in the composition region for a given data set
could be used to validate the fitted models, but doing so was beyond the scope of this effort.
Additional cross-validation approaches (besides the leave-each-data-point-out PRESS approach)
could also be used to validate the models, but again these were beyond the scope of this effort.
However, Hrma, Piepel, et al.® (Section 12.8) used CVS-II Phase 3 data to validate FOM and
reduced SOM models (for PCT normalized B release) fitted to CVS data through CVS-II Phase
2. The mixture models accurately predicted PCT normalized B releases within the uncertainty of
the model predictions for nearly all the CVS-II Phase 3 validation data points. FOM and SOM
‘models fitted to CVS data through CVS-II Phase 3 were validated using CVS-II Phase 4 data,
and the results (although not published) were again very good. These very good validation
performances indicate that FOM and SOM models can be very useful prediction tools.

7.5 Comparing FEH and FOM Model Coefficients

The FEH and FOM models fitted to the various data sets are written in the same
mathematical form in Table 4, which allows directly comparing their coefficients. Coefficients of
models written in the FOM model form do not directly estimate the effects of components on
In(NR), but can be used to estimate such effects. The effect of a given component is strongly
determined by its FOM coefficient. However, it’s effect is also determined by the component’s
value at the glass composition at which the effect is to be estimated, and the coefficients (and
effects) of other components. Still, comparing FEH and FOM coefficients in Table 4 can indicate
where the FEH theory and assumptions seem to hold, and where they do not. The standard
deviations of the coefficients provided in Table 4 must be considered when comparing FEH and
FOM coefficients. Differences between FEH and FOM model coefficients are only mentioned in
the following discussion when they are significant after accounting for the uncertainties in the
coefficients.

~ AL,O; coefficients for FEH and FOM models agree fairly well for all data sets except the
CVS data sets, where the AL, O, coefficients are more negative in the FOM models than in the
corresponding FEH models. The reason for this is not clear, but it could be due to the CVS data
covering a wider range of compositions than the other data sets.

B,0; coefficients are more positive for FOM models than FEH models for all of the data sets.
This may indicate a need to reassess the FEH theory and assumptions for B,0,.

For all the CVS data sets except CVS-II Phase 1 (where CaO was varied a small amount in
only one glass) and also the Ramsey data set, CaO coefficients are negative for FOM models but
positive for FEH models. CaO was combined with BaO and MgO in the WV87 and WV88 data
sets, so nothing specific can be said about CaO for those data sets. Neither can anything be said
about the WVDP data set, where CaO was not studied. For the SRTC 137, 118, and 111 data
sets, the CaO FOM model coefficient changes significantly as outlying data points are deleted.
This is due to the effect of the outlying data points on correlations of CaO with other
components, and also on the changes in the range of CaO values (see Table 2). However, with or
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without the outlying data, the CaO coefficients in the FOM models have large enough
uncertainties that they are not clearly different from the CaO coefficients in the FEH models.

Fe,0; coefficients in the FEH and FOM models in Table 4 agree very well within their
uncertainties except possibly for the Ramsey data set, where the coefficient in the F OM model is
more negative than in the FEH model. The Fe,0, coefficient in the FOM model for the CVS-II
Phase 1 data set is positive, whereas for the rest of the CVS data sets and all other data sets it is
. negative. However, the standard deviation of the Fe,0, FOM model coefficient is relatively large
for the CVS-II Phase 1 data set, and thus the difference from FEH coefficient is not significant.
The CVS-II Phase 1 study investigated a shrunken version of the CVS-I glass composition region,
where additional constraints were imposed on glass composition (directly via component ranges,
and indirectly via constraints on glass properties). The shrinkage of the composition region
reduces the effects of some components, and the small data set size limits the accurate estimation
of the reduced component effects.

Li,0 coefficients in the FEH and FOM models in Table 4 agree reasonably well within their
uncertainties for all data sets except possibly CVS-II Phase 2 and Phase 4. The very poor fit of
the FEH model to the CVS-II Phase 2 data (R*=0.113) is likely the reason for the poor
agreement of Li,O coefficients for that data set. The reason for the difference in Li,O coefficients
for the CVS-II Phase 4 data set. is not as clear, since the FEH model fits that data reasonably well
(R?>=0.741). The four data points in CVS-II Phase 4 in which Li,O was varied (see Section 4.1)
show an almost perfect linear relationship between In(NR) and Li,O mole fraction value, and the
FOM model Li,0 coefficient in Table 4 captures that relationship almost perfectly. Hence, the
problem would appear to be with the Li,O coefficient in the FEH model.

For the CVS data sets, the MgO coefficients for the FOM models are generally larger than
for the FEH models, but the differences are not significant in all cases. The MgO coefficients in
the FEH models for the WV87 and WV88 data sets have essentially identical small negative
values, but in the FOM models the MgO coefficient is more negative for the WV87 data set, and
positive for the WV88 data set. However, MgO+CaO+BaO were treated as one component in
the WV87 and WV88 studies, which is a possible explanation for the differences. Also, the
WV88 data set covers a larger composition region than the WV87 data set. MgO was not
studied in the WVDP data set. For the SRTC 137 and SRTC 118 data sets, the MgO FOM
model coefficients have relatively large standard deviations, and so the differences with respect to
the FEH coefficients aren’t significant. The MgO FOM model coefficient for the SRTC 111 data
set is larger than the coefficients for the SRTC 137 and 118 data sets, due to the smaller upper
limit for MgO. The standard deviation is still relatively large, but the difference from the FEH
coefficient is borderline significant. : .

Na,O coefficients in the FEH and FOM models in Table 4 agree very well within their
uncertainties for all data sets except CVS-II Phase 2 (where the FOM model coefficient is larger),
WYVDP (where the FEH model coefficient is larger), and SRTC 118 and SRTC 111 (where the
FEH model coefficients are larger). A possible explanation is that the upper limits of Na,O for
glasses in these data sets are lower than in the other data sets. For the CVS-II Phase 2 data, a
likely explanation is the very poor fit of the FEH model (R? = 0.113).
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_ Si0, coefficients in the FEH and FOM models in Table 4 agree very well within their
uncertainties for all data sets except possibly the SRTC 137, 118, and 111 data sets. For these
SRTC data sets, the SiO, coefficients for the FEH models are more negative than the coefficients
for the FOM models. The reasons for this are not apparent.

Zr0, coefficients for FOM models were more negative than for FEH models for the CVS-I,
CVS-II Phase 2, CVS-II Phase 3, CVS(all), and WVDP data sets, although the differences were
only significant (when considering uncertainties) for the CVS-II Phase 2, CVS-II Phase 3, and
CVS(all) data sets. ZrO, appears to have no effect on In(NR) over the composition region
covered by the CVS-II Phase 1 data set, which causes the FOM model to have a small ZrO,
coefficient with a large standard deviation. ZrO, was not studied in the CVS-II Phase 4, Ramsey,
WV87, WV88, and SRTC data sets.

K,O was only studied in the WV87, WV88, WVDP, and SRTC data sets. Inthe WV87,
WV88, and WVDP data sets, the K,O-coefficients were more positive for the FEH models than
the FOM models, although the differences are not significant when accounting for the
uncertainties in the coefficients. For the SRTC data, the K,O coefficients for the FOM models are
negative, while the coefficients for the FEH models are positive. K,0, like other alkalis, is
expected to increase PCT B release, so the negative K,0O coefficients for the FOM models is
bothersome. However, the shortcomings of the SRTC data sets discussed in Section 4.5 are
possible reasons. In particular, Figures B.11and B.12 show that the coverage of combinations of
K,O with other components is poor, and this can have significant effects on mixture model
coefficients.

FeO was only studied in the Ramsey and SRTC data sets. The FeO coefficients were
significantly more positive for the FOM models than the FEH models. This was especially true
for the Ramsey and SRTC 111 data sets, which had smaller upper limits for FeO than the SRTC
137 and SRTC 118 data sets. These observations may indicate a need to reassess the FEH theory
and assumptions for FeO.

. ThO, was only studied in the WV87, WV88, and WVDP data sets. For the WV87 and

WV88 data sets, the ThO, coefficients in the FOM models are positive, where the coefficients in
the FEH models are negative. For the WVDP data set, the FOM and FEH model coefficients for
ThO, are both negative, but not significantly different due to a large standard deviation of the
FOM model coefficient. Other work not reported here indicates that ThO, appears to have no
effect on In(NR) over the composition region studied in the WVDP data set. These results
suggest a possible need to reassess the FEH theory and assumptions for ThO,.

MnO was only studied in the WV87, WV88, and SRTC data sets. Agreement between
MnO coefficients in the FOM and FEH models is relatively good when accounting for
uncertainty, except for the SRTC 111 data set. The MnO coefficient for the SRTC 111 data is
noticeably different than for the SRTC 118 data, due to deleting two outlying data points with
low MnO and high MgO values. |
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P,0; and U,0, were only studied in the WV87 and WV88 data sets, and the small
composition regions and ranges of PCT NR releases in these data sets limit any conclusions. - _
Hence, the results for these components are not discussed.

Cr,0;, CuO, NiO, and TiO, were only studied in the SRTC data. The FOM model
coefficients of Cr,0;, CuO, and NiO change dramatically as the glasses with outlying values of
these components are deleted going from SRTC 137 to SRTC 118 to SRTC 111. This is due to:
(1) the narrowing of the ranges of these components, and (2) the “removal” of strong pairwise
correlations among these and other components caused by the outlying points. The coefficients of
Cr,0; and CuO are large due their very small upper limits (see Table 2). Overall, the
shortcomings of the SRTC data set limit the ability to make meaningful conclusions for Cr,0,,
CuO, and NiO. The TiO, coefficients are positive and large for the FOM models (for the SRTC
137, 118, and 111 data sets) compared to the FEH models. The range of TiO, values in these
glasses is small, and TiO, is somewhat correlated with certain other components (see Figures
B.11 and B.12). This could cause the differences observed, but reassessing the FEH theory and
assumptions for TiO, may be warranted.

The above comparisons show that FOM and FEH model coefficients agree in some cases and
disagree in others, depending on the component and data set. For most components, the FOM
and FEH model coefficients differed significantly for at least some of the data sets. This confirms
that the “preliminary” FEH approach is not flexible enough to adapt to components having
different effects for different data sets (and glass composition regions).
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8. Conclusions

The free energy of hydration model considered in this report is a restricted form of the first-
order mixture model, and thus does not have the flexibility to fit data sets as well as first- or
second-order mixture models. The free energy of hydration approach is “restricted” by the
assumption that the effects of glass components on durability are determined primarily by constant
values of free energy of hydration for each component, which are applicable to all glass
composition regions.

Work in the waste glass field has shown that glass components can have curvilinear and
interactive effects on glass durability (resistance to dissolution in water). In other words, the
effect of a glass component on durability can depend on the fraction of that component in the
glass as well as on the fractions of other components in the glass. Neither the FEH nor FOM
modeling approaches (as discussed in this report) can account for curvilinear or interactive effects
of glass components (without fitting separate models for different composition regions or
subregions). However, second-order and higher-order Scheffé mixture models (and other mixture
model forms®) can directly account for curvilinear or interactive effects of glass components. The
FEH approach discussed in this report is referred to as “preliminary FEH” by Jantzen et al.’, and
they also discuss “final FEH” which adjusts the preliminary FEH in some cases. These
adjustments appear to provide some ability to account for curvilinear and interactive effects of
glass components, but we have insufficient experience with the “final FEH” approach to comment
further.

A properly-developed mixture model has a distinct advantage over a FEH model (of the type
discussed in this report) when the goal is to predict PCT normalized releases for glass
compositions within the same composition region used to fit the model. By properly-developed
we mean that: (a) the data used to develop the mixture model should adequately cover the
composition region of interest and should avoid unnecessary correlations among glass component
mole (or mass) fractions, and (b) proper statistical approaches should be applied to fit the model,
detect outliers or influential data points, detect model lack-of-fit, and validate performance of the
model with data not used to fit it. If data to develop a mixture model are limited (in number, or
due to poor coverage of the region of interest), or are available only for a composition region
different than the one for which predictions are desired, then the FEH approach (or some other
theoretical/structural approach) might (or might not) be preferable to a mixture approach.
However, the FEH approach still requires fitting its model to data, and shortcomings in the data
may also affect the performance of the FEH approach. The performance of the FEH approach
also appears to depend on the composition region to which it is applied, and hence extrapolation
may not be any more advisable than for the mixture approach.

In conclusion, the mixture approach is recommended over the FEH approach for predicting

PCT releases of glass compositions within the same composition region as the data base available
for modeling.
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Appendix A
Data Sets--Glass Compositions and PCT Normalized Releases

This appendix contains the glass compositions (mole fractions) and PCT normalized
elemental releases for the data sets used in this report. Normalized releases for several elements
are given in the tables, but only B normalized releases were used in this report.

In several of the references from which the data were taken, compositions were given in
terms of weight percents (or weight fractions). In those cases, mole fraction compositions were
computed and are given in the tables of this appendix. Also, in several of the references, PCT
unnormalized releases or normalized releases that did not normalize for the surface area to volume
ratio were given. In those cases, normalized releases in units of g/m* were computed and are
given in the tables of this appendix.
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Table A.1. CVS-I Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. Cvsi-1* CVSs1-2 Cvsi-3 Cvsi4 CVs1-5 CVsi1-6 Cvs1-7 Cvsi-8
Sio, 0.512371 0.555060 0.419394 0.567939 0.612381 0.477042 0.622724  0.595322
B.,O, 0.105186  0.043550 0.172363 0.171988 0.046361 0.187143 0.047144  0.0475902
Ng,0 0.103769 0.048917 0.048401 0.086933 0.072905 0.052552  0.102097  0.090071
Li0 0.080686  0.142048  0.140550 0.020035 0.151218 0.152603  0.021967 0.022321
Ca0 0.031444  0.108127 0.000000 0.021351 0.000000 0.000000 0.117051 0.000000
MgO 0.057752 0.000000 0.119089 0.118829 0.000000 0.000000 0.000000 0.132386
Fe,0, 0.022807 0.007594 0.007514 0.007498 0.060634 0.008158 0.013811  0.062648
ALO, 0.039998  0.089206 0.082381  0.000000 0.050648 0.000000 0.000000 0.000000
Zro, 0.022325 0.000000 0.004869  0.000000 0.000000 0.063440 0.069254  0.043303
Ag,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
As,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
BaO 0.000305 0.000071 0.000070 0.000070 0.000075 0.000760 0.000077  0.000078
Cdo 0.002729 0.000634 . 0.000627 0.000626 0.000675 0.006813  0.000687  0.000698
Ce,0, 0.000204  0.000047 0.000047 0.000047 0.000050 0.000509 0.000051  0.000052
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000385 0.000089 0.000088 0.000088 0.000095 0.000960 0.000097  0.000098
Cs,0 0.000249  0.000058 0.000057 0.000057 0.000062 0.000622 0.000063  0.000064
Cu0 0.000883  0.000205 0.000203 0.000202 0.000218  0.002203 0.000222  0.000226
F 0.007376 0.001714 0.001696 0.001692 0.001824 0.018411 0.001855 0.001885
K0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000896  0.000208 0.000206 0.000206 0.000222 0.002237 0.000225  0.000229
MnO 0.000808  0.000188  0.000186  0.000185 0.000200 0.002016 0.000203  0.000206
MoO, 0.000974  0.000226  0.000224 0.000223 0.000241 0.002430 0.000245  0.000249
N4, O, 0.001713  0.000398  0.000394 0.000393  0.000424 0.004277 0.000431  0.000438
NiO 0.003599  0.000836  0.000827 0.000825 0.000890 0.008982 0.000905 0.0009520
PO, 0.000329 0.000076 0.000076 0.000075 0.000081 0.000821 0.000083  0.000084
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000192  0.000045 0.000044 0.000044 0.000047 0.000479 0.000048  0.000049
Pr0,, 0.000046 0.000011 0.000011 0.000010 0.000011 0.000114 0.000012  0.000012
Rb,0 0.000126  0.000029 0.000029 0.000029 0.000031 0.000314 0.000032 0.000032
Rh,0, 0.000093  0.000022 0.000021 0.000021 0.000023 0.000231 0.000023  0.000024
RuO, 0.000528  0.000123 0.000121 0.000121 0.000130 0.001317 0.000133  0.000135
SO, 0.001607 0.000373  0.000369  0.000369 0.000398 0.004012 0.000404  0.0004i1
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 '0.000000 0.000000 0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000067 0.000016 0.000015 0.000015 0.000017 0.000168 0.000017 0.000017
Sr0 0.000451  0.000105 0.000104 0.000103 0.000112 0.001125 0.000113  0.000115
TeO, 0.000000 - 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y.,0, 0.000104  0.000024 0.000024 0.000024 0.000026 0.000260 0.000026  0.000027
ZnO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 0.521 0.066 0.864 20.639 0.355 6.113 0.287 1.238
PCTLi 0.529 0.154 0.791 16.935 0.462 4.892 0.331 0.744
PCT Na 0.403 0.064 0.580 17.034 0.191 3.046 * 0.339

0.805

* The glass names are those used in the reference from which the data were taken.
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Table A.1. CVS-I Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVs1-9* CVS1-10 . CVS1-11  CVS1-12 CVS1-13 CVS1-14 CVSi-15 CVSi-16
Sio, 0.472970  0.641699  0.473322  0.440542 0.594718 0.475321 0.536648  0.470582
B,0, 0.190688  0.082685 0.150660 0.159689  0.180097 0.195347 0.041435  0.046931
Na,0 0.058733  0.103571  0.082047 0.074839  0.188334 0.204282 0.112723  0.197470
Li0 0.022644  0.022637 0.022660 0.147637 0.020980 0.022756 0.135149  0.021868
Ca0 0.000000 0.000000 0.120743  0.112381  0.000000 0.000000 0.000000  0.000000
MgO 0.134302  0.000000 0.000000 0.000000 0.000000 0.000000 0.114512 0.129702
Fe,0, 0.059318  0.008472  0.008480 0.059198 0.007851 0.008516 0.007225 0.035108
ALO, 0.000000 0.079609  0.092974  0.000000 0.002336 0.015872 0.000000 0.092414
Zr0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.071740  0.000000  0.000000
Ag0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000790  0.000790  0.000632 0.000074 0.000073 0.000079 0.000674 0.000076
Cdo 0.007077  0.007074 0.005665 0.000659 0.000656 0.000711 0.006034  0.000683
Ce,0, 0.000529  0.000529 0.000423  0.000049 0.000049 0.000053 0.000451  0.000051
CoO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000997  0.000997 0.000798  0.000093  0.000092 0.000100 0.000850  0.000096
Cs,0 0.000646  0.000646 -0.000517 0.000060 0.000060 0.000065 0.000551  0.000062
CuO 0.002288  0.002287 0.001832 0.000213 0.000212 0.000230 0.001951  0.000221
F 0.019123  0.019118 0.015310 0.001781 0.001772 0.001922 0.016305 0.001847
K,0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.002324  0.002323  0.001860 0.000216 0.000215 0.000234 0.001981  0.000224
MnO 0.002094  0.002093 0.001676 0.000195 0.000194 0.000210 0.001785  0.000202
MoO, 0.002524  0.002524  0.002021 0.000235 0.000234 0.000254 0.002152  0.000244
Nd,0, 0.004442  0.004441  0.003556 0.000414 0.000412 0.000446 0.003787  0.000429
NiO 0.009330  0.009327 0.007469 0.000869 0.000864 0.000938 0.007955  0.000901
PO, 0.000853  0.000853  0.000683 0.000079 0.000079 0.000086 0.000728  0.000082
PbO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PdO 0.000498  0.000497  0.000398 0.000046 0.000046 0.000050 0.000424  0.000048
Pr,0,, 0.000119  0.000119  0.000095 0.000011 0.000011 0.000012 0.000101 0.000011
Rb,0 0.000326  0.000326  0.000261 0.000030 0.000030 0.000033 0.000278  0.000031
Rh,0,4 0.000240  0.000240  0.000192  0.000022 0.000022 0.000024 0.000205  0.000023
RuO, 0.001368  0.001367 0.001095 0.000127 0.000127 0.000137 0.001166 0.000132
SO, 0.004167  0.004165  0.003336  0.000388 0.000386 0.000419  0.003553  0.000402
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000175  0.000175 0.000140 0.000016 0.000016 0.000018 0.000149  0.000017
Sr0 0.001169  0.001168  0.000936 0.000109 0.000108 0.000117 0.000997 0.000113
TeO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
wo, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0, 0.000270  0.000270  0.000216 0.000025 0.000025 0.000027 0.000230  0.000026
ZnO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 10.993 0.127 0.099 4.662 14.072 9.847 18.778 0.523

PCT Li 8.602 0.386 0.187 4.171 12.903 8.011 11.198 0.266

PCT Na 7.897 0.095 0.099 4.395 12.413 5.790 13.995 0.540

* The glass names are those used in the reference from which the data were taken.
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Table A.1. CVS-I Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

" Comp. CVS1i-17* CVS1-18 CVSi-19  CVsi-20 CVsi-21  CVS1-22  CVS1-23
Sio, 0.520558  0.429600 - 0.512371  0.512371  0.567939  0.595322  0.563543
B,O, 0.049425  0.043993 0.105186  0.105186  0.171988  0.047902  0.090233
Na,0 0.161552 0.117211 0.103769  0.103769  0.086933  0.090071 0.111531
Li,0 0.023030 0.143492 0.080686  0.080686  0.020035  0.022321  0.082463
Ca0 0.122713  0.021845  0.031444  0.031444 0.021351 0.000000 0.033863
MgO 0.000000 0.121581 0.057752 0.057752- 0.118829 0.132386  0.013695
Fe,0, . 0.060331 0.007671  0.022807  0.022807  0.007498  0.062648  0.048513
ALO, 0.000000 0.000000 0.039998  0.039998  0.000000 0.000000 0.029387
Zr0, 0.000000 0.064624 0.022325  0.022325  0.000000 0.043303  0.003360
Ag,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As)O, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000803 0.000644 0.000305 0.000305 0.000070 0.000078  0.000301
Cdo 0.007197 0.005766  0.002729 0.002729 0.000626 0.000698  0.002701
Ce,0, 0.000538  0.000431  0.000204 0.000204 0.000047 0.000052  0.000202
CoO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.001014 0.000812 0.000385 0.000385 0.000088 0.000098  0.000381
Cs,0 0.000657 0.000526  0.000249  0.000249  0.000057 0.000064  0.000246
CuO 0.002327 0.001864 0.000883  0.000883  0.000202 0.000226 0.000873
F 0.019450 0.015581 0.007376 0.007376 0.001692 0.001885  0.007299
K,0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 ©0.000000
La,0, 0.002364 0.001893 0.000896 0.000896 0.000206 0.000229  0.000887
MnO 0.002129 0.001706 0.000808  0.000808 0.000185 0.000206 0.000799
MoO, 0.002567  0.002057 0.000974 0.000974 0.000223 0.000249 0.000963
Nd,0, 0.004518 0.003619 0.001713 0.001713  0.000393  0.000438  0.001695
NiO 0.009489  0.007601 0.003599 0.003599  0.000825 0.000920 0.003561
PO, 0.000868  0.000695 0.0003290 0.000329 0.000075 0.000084 0.000326
PO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000506 0.000405 0.000192 0.000192 0.000044 0.000049 0.000190
Pr,0,, 0.000121  0.000097 0.000046 0.000046 0.000010 0.000012 0.000045
Rb,O 0.000331  0.000265 0.000126  0.000126 0.000029 0.000032 0.000124
Rh,0, 0.000244  0.000195 0.000093  0.000093 0.000021 0.000024  0.000092
RuO, 0.001391  0.001114  0.000528 0.000528 0.000121 0.000135 0.000522
SO, 0.004238  0.003395 0.001607 0.001607 0.000369 0.000411  0.001590
Sb,0, 0.000000  0.000000 0.000000 0.000000 ©0.000000 0.000000 0.000000
Se0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000178  0.000142 0.000067 0.000067 0.000015 0.000017 0.000067
Sro 0.001189  0.000952 0.000451 0.000451 0.000103 0.000115 0.000446
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
wo, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y.0,4 0.000274  0.000220 0.000104 0.000104 0.000024 0.000027 0.000103
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 2.235 11.238 0.523 0.455 18.850 1.119 0.525
PCT Li 2.075 8.065 0.533 0.468 15.591 0.704 0.535
PCT Na 2.304 8.040 0.433 0.396 15.536 0.760 0.487

* The glass names are those used in the reference from which the data were taken.
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Table A.2. CVS-II Phase 1 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. Cvs2-1* CVs22 Cvs2-3 Cvs24 Cvs2-5 Cvs2-6 CvVs2-7 Cvs2-8
Si0, 0.537807 0.526245 0.497874  0.574264 0.528889  0.584895 0.514167 0.532857
B,O, 0.077626  0.063370 0.122109 0.096912 0.152730 0.065778 0.156707 0.062937
Na,0 0.069834 0.089788 0.072735 0.060588 0.108974 0.073885  0.072479  0.099475
Li0 ' 0.124156  0.126548  0.093753  0.110522  0.044759 0.083631  0.126925  0.125683
CaO 0.000000 0.078668 0.080387 0.076909 0.041498 0.081657 0.010757  0.000000
MgO 0.076707 0.000000 0.015979  0.000000 0.000000 0.007466 0.000000 0.077650
Fe,0, 0.015488 0.017760  0.018148 0.015433 0.016750 0.049158 0.016074 0.044683
ALO, 0.048515 0.067993  0.065184  0.037406 0.052469  0.010202 - 0.059981  0.037447
Zro, 0.005018  0.015344  0.019234  0.005000 0.005427 0.005309 0.005208  0.005080
Ag0 0.000000  0.000000 0.000000 0.000000. 0.000000 0.000000 0.000000 0.000000
As,04 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000577 0.000184 0.000188 0.000180 0.000625 0.000490 0.000485  0.000183
Cdo 0.005173  0.001648 0.001684 0.001611 0.005595 0.004386 0.004349  0.001637
Ce,0, 0.000387 0.000123 0.000126 0.000120 0.000418 0.000328 0.000325 0.000122
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000729  0.000232 0.000237 0.000227 0.000788 0.000618 0.000613  0.000231
Cs,0 0.000472  0.000150 0.000154 0.000147 0.000511 0.000400 0.000397  0.000149
CuO 0.001673  0.000533  0.000544 0.000521 0.001809 0.001418 0.001406 0.000529
F 0.013981  0.004453  0.004550 0.004354 0.015120 0.011852 0.011753  0.004423
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
La,0, 0.001699  0.000541 0.000553 0.000529 0.001837 0.001440 0.001428  0.000537
MnO 0.001531  0.000488 0.000498 0.000477 0.001655 0.001298 0.001287  0.000484
MoO, 0.001845  0.000588  0.000601 0.000575 0.001996 0.001564 0.001551  0.000584
Nd,0, 0.003247 0.001034  0.001057 0.001011 0.003512 0.002753 0.002730  0.001027
NiO 0.006821  0.002173  0.002220 0.002124 0.007377 0.005782 0.005734  0.002158
P,0, 0.000624 0.000199 0.000203 0.000194 0.000675 0.000529 0.000524  0.000197
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PdO 0.000364  0.000116 0.000118 0.000113 0.000393 0.000308 0.000306 0.000115
Pr,0,, 0.000087  0.000028 0.000028  0.000027 0.000094 0.000073 0.000073  0.000027
Rb,0 0.000238  0.000076 0.000078 0.000074 0.000258 0.000202 0.000200 0.000075
Rh,0, 0.000175 0.000056 0.000057 0.000055 0.000150 0.000149 0.000147  0.000055
RuO, 0.001000  0.000319  0.000325 0.000311 0.001081 0.000848 0.000841  0.000316
SO, 0.003046  0.000970  0.000991  0.000949 0.003294 0.002582 0.002561  0.000964
Sb,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000128  0.000041 0.000042 0.000040 0.000138 0.000108 0.000107  0.000040
SrO 0.000855 0.000272 0.000278 0.000266 0.000924 0.000724 0.000718  0.000270
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0, 0.000197  0.000063 0.000064 0.000061 0.000213 0.000167 0.000166 0.000062
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PCTB 0.312 0.128 0.137 0.158 0.284 1.185 0.740 0.484
PCT Li 0.369 0.276 0.222 0.300 0.382 1.303 0.812 0.523
PCT Na 0.208 0.188 0.125 0.182 0.284 1.284 0.343 0.445

* The glass names are those used in the reference from which the data were taken.
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Table A.2. CVS-II Phase 1 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. ~ CVS2-9% (CVs2-10 CVs2-11 CVs2-12 CVS2-13 CVs2-14 CVS2-15  CVS2-16
Sio, 0.582711 0.527333  0.517212 0.491330 0.516203 0.491918 0.517626  0.579488
B0, 0.087399  0.164828 0.068192  0.153935  0.063168 0.121090 0.066128  0.098382
Na,0 0.096090 0.142232  0.084960 0.071197 0.171503 0.083142 0.180389  0.118063
Li0 0.129421 0.045178 0.126931 0.098309 0.047304 0.104503 0.047100 0.081628
Cal 0.000000 0.000000 0.078906 0.078687 0.033607 0.057287 0.070482  0.009627
MgO 0.000000 0.000000 0.015684 0.015641 0.077935 0.031884 0.000000 0.013556
Fe0, 0.028737 0.028278 0.015834 0.015790 0.015736 0.016094 0.016473  0.029285
AlLO, 0.008724 0.069048 0.006200 0.055706 0.055206 0.015313  0.048763  0.014736
Zx0, 0.052309 0.005478 0.047968 0.005116 0.005098  0.052145 0.005337  0.020323
Ag0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
" As,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000188  0.000227 0.000491 0.000184 0.000183 0.000343 0.000614  0.000450
Cdo 0.001685 0.002033 0.004397 0.001648 0.001643 0.003071  0.005503  0.004027
Ce,0,4 0.000126 0.000152 0.000328 0.000123  0.000123  0.000229 0.000411 0.000301
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000237 0.000287 0.000620 0.000232 0.000231 0.000433 0.000775  0.000567
Cs,0 0.000154 0.000186 0.000401 0.000150 0.000150 0.000280 0.000502 0.000368
CuO 0.000545 0.000657 0.001422 0.000533 0.000531 0.000993  0.001779  0.001302
F 0.004554 0.005494 0.011881  0.004454 0.004439 0.008299 0.014870 0.010883
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000553 0.000668 0.001444  0.000541 0.000539 0.001008 0.001807  0.001322
MnO 0.000499  0.000602 0.001301 0.000488 0.000486 0.000909 0.001628 0.001191
MoO, 0.000601  0.000725 0.001568 0.000588 0.000586 0.001095 0.001963  0.001437
Nd,0, 0.001058 0.001276° 0.002760 0.001035 0.001031  0.001928 0.003454  0.002528
NiO 0.002222 0.002680 0.005796 0.002173 0.002166 0.004049  0.007255  0.005309
PO, 0.000203  0.000245 0.000530 0.000199 0.000198 0.000370 0.000663  0.000486
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000118  0.000143  0.000309 0.000116° 0.000115 0.000216 0.000387  0.000283
Pr0,, 0.000028  0.000034 0.000074 0.000028 0.000028 0.000051 0.000092  0.000067
Rb,0 0.000078 0.000094 0.000202 0.000076 0.000076 0.000141 0.000253 0.000185
Rh,0, 0.000057 0.000069 0.000149 0.000056 0.000056 0.000104 0.000187 0.000137 .
RuO, 0.000326  0.000393 0.000850 0.000319 0.000317 0.000594 0.001064 0.000778
S0, 0.000992- 0.001197 0.002589 0.000970 0.000967 0.001808 ~ 0.003240 0.002371
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000042 0.000050 0.000108  0.000041  0.000041 0.000076 0.000136  0.000099
Sr0 0.000278 0.000336 0.000726 0.000272 0.000271 0.000507 0.000909  0.000665
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y0, 0.000064 0.000077 0.000168 0.000063 0.000063 0.000117 0.000210 0.000153
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 0.560 1.332 1.587 0.194 0.360 1.656 0.331 2.937
PCTLi 0.620 1.322 1.564 0.262 0.362 1.468 0.451 2.349
PCT Na 0.374 0.828 1.370 0.184 0.478 1.268 0.608 2.182

* The glass names are those used in the reference from which the data were taken.
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Table A.2. CVS-II Phase 1 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVS2-17* CVS2-18  CVS2-19
sio, 0.512371  0.579488  0.578911
B,0, 0.105186  0.098382  0.098276
Na,0 0.103769  0.118063  0.118920
Li,0 0.080686  0.081628  0.081492
Ca0 0.031444  0.009627  0.009546
Mg0 0.057752  0.013556  0.013606
Fe,0, 0.022807 0029285  0.029966
ALO, 0.039998  0.014736  0.015047
Zr0, 0.022325 0.020323  0.020769
Ag,0 0.000000  0.000000  0.000000
As0, 0.000000  0.000000  0.000000
BaO 0.000305  0.000450  0.000423
cdo 0.002729  0.004027  0.003316
Ce,0, 0.000204  0.000301  0.000032
Co0 0.000000  0.000000  0.000000
Cr,0, 0.000385  0.000567  0.000556
Cs,0 0.000249  0.000368  0.000349
Cu0 0.000883  0.001302  0.001301
F 0.007376 = 0.010883  0.006551
K,0 0.000000  0.000000  0.000000
La,0, 0.000896 0.001322  0.003097
MnO 0.000808  0.001191  0.001191
MoO, 0.000974  0.001437  0.001411
N4,0, 0.001713  0.002528  0.001110
NiO 0.003599  0.005309  0.005262
P,0; 0.000329  0.000486  0.000457
PbO 0.000000  0.000000  0.000000
PdO 0.000192  0.000283  0.000000
Pr,0, 0.000046  0.000067  0.000121
Rb,0 0.000126  0.000185  0.000000
Rh,0, 0.000093  0.000137  0.000000
RuO, 0.000528  0.000778  0.000743
S0, 0.001607  0.002371  0.003601
Sb,0, 0.000000  0.000000  0.000000
Sc0, 0.000000  0.000000  0.000000
Sm,0, 0.000067  0.000099  0.000000
Sr0 0.000451  0.000665  0.000000
TeO, 0.000000  0.000000  0.000000 _
Tio, 0.000000  0.000000  0.000000
U,0, 0.000000  0.000000  0.000000
wo, 0.000000  0.000000  0.000000
Y,0, 0.000104  0.000153  0.000000
ZnO 0.000000  0.000000  0.003945
PCTB 0.495 2.578 1.990
PCTLi 0.572 2.094 1.654
PCT Na 0.474 1.886 1.481

* The glass names are those used in the reference from which the data were taken.
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Table A.3. CVS-II Phase 2 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. CVS2-20% CVS2-21 CVS2-22 CVS223 CVS224 CVS225 CVS2-26 CVS2-27
Sio, 0.603222 0.545304 0.554513 0.592645 0.471671 0.534599  0.457421  0.550251
B.O, 0.045668 0.108492  0.041980 0.046841  0.182383  0.045601 0.178191  0.043465
Na,0 0.105773 0.046371 0.069317 0.201588 0.075389  0.086154 0.051239  0.195287
L0 0.142360 0.134655 0.136929 0.020906 0.148721  0.148738  0.145302  0.031392
Ca0 0.000000 0.000000 ©0.000000 0.089118 0.000000 0.090575 0.088483  0.000000
MgO 0.000000 0.114094 0.116020 ©0.000000 0.000000 0.000000 0.000000 0.120123
Fe,0, 0.023891 0.007199 0.007321 0.007824 0.007951  0.059639  0.007768  0.007579
ALO, 0.006236  0.038673  0.020925 0.035414 0.059836 0.002055 0.015634  0.046415
Zr0, 0.067085  0.000000 0.000000 0.000000 0.000000 0.000000 0.050338  0.000000
Ag,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
AsO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000074 0.000067 0.000682 0.000073 0.000696 0.000420 0.000072  0.000071
Cdo 0.000665 0.000601 0.006113  0.000653 0.006235. 0.003765 0.000649  0.000633
Ce 0, 0.000050 0.000045 0.000457 0.000049° 0.000466 0.000281 0.000048  0.000047
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000094 0.000085 0.00086%1 0.000092 0.000879 0.000531 0.000091  0.000089
Cs,0 0.000061 0.000055 0.000558 0.000060 0.000569 0.000344 0.000059  0.000058
CuO 0.000215 0.000194 0.001977 0.000211 0.002016 0.001217 0.000210  0.000205
F 0.001797 0.001625 0.016520 0.001766 0.016848 0.010175 0.001753  0.001710
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Ls,0, 0.000218 0.000197 0.002008  0.000215 0.002047 0.001236 0.000213  0.000208
MnO 0.000197 0.000178 0.001809 0.000193  0.001845 0.001114 0.000192  0.000187
MoOQ, 0.000237 0.000214 0.002181  0.000233  0.002224 0.001343  0.000231  0.000226
Nd,0, 0.000417 0.000377 0.003837 0.000410 0.003914 0.002363  0.000407  0.000397
NiO 0.000877 0.000793 0.008060 0.000861 0.008220 0.004964 0.000855 -0.000834
PO, 0.000080  0.000072 0.000737 0.000079 0.000752 0.000454 0.000078  0.000076
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000047 0.000042 0.000430 0.000046 0.000438 0.000265 0.000046 0.000044
Pr,0,, 0.000011  0.000010 0.000102 0.000011 0.000104 0.000063 0.000011 0.000011
Rb,0 0.000031  0.000028 0.000281  0.000030 0.000287 0.000173  0.000030  0.000029
Rh,0, 0.000023  0.000020 0.000207 0.000022 0.000211 0.000128  0.000022  0.000021
RuO, 0.000129 0.000116 0.001182 0.000126 0.001205 0.000728 0.000125  0.000122
SO, 0.000392  0.000354 0.003599 0.000385 0.003671 0.002217 0.000382  0.000373
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000016 0.000015 0.000151 0.000016 0.000154 0.000093 0.000016 0.000016
SrO0 . 0.000110 0.000099 0.001010 0.000108 0.001030 0.000622  0.000107  0.000105
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 - 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0; 0.000025 0.000023 0.000233 0.000025 0.000238 0.000143 0.000025 0.000024
Zn0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 0.347 3.854 9.646 0.173 4.522 4.662 1.628 3.270

PCT Li 0.386 2.534 5.453 0.604 3.226 2.765 1.436 1.835

PCT Na 0.279 2.089 6.097 0.809 2.060 3.526 1.349 2.342

* The glass names are those used in the reference from which the data were taken.
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Table A.3. CVS-II Phase 2 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. Cvs2-28* (CVS2-29 CVS2-30 CVs2-31 CVS2-32 CVS2-33 CVS2-34 CVS2-35
Si0, 0.611440  0.495802 0.593498  0.585354 0.575854  0.433951 0.450027 0.448238
B,0, 0.046957 0.194901 0.197388  0.163346 0.045638  0.048510 0.161186 0.046054
Na,0 0.210979 0.073886  0.092234  0.049777 0.205049 0.200325 0.207746 0.206921
Li0 0.027569  0.022704  0.022994 0.068349 0.091016 0.075623 0.079502  0.091847
Ca0 0.000000 0.096781  0.000000 0.088021 0.000000 0.000000 0.000000 0.091475
MgO 0.000000 0.000000 0.000000 0.000000 0.000000 0.123222 0.000000 0.000000
Fe,0, 0.008188  0.008497 0.056794 0.007728 0.007958 0.007775 0.008063  0.025378
ALO, 0.035589  0.000000 0.030863 0.031831 0.001683 0.054310 0.087640 0.084273
Zr0, 0.000000 0.045919  0.000000 0.000000 0.067041  0.000000 0.000000 0.000000
Ag0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As, O, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000763  0.000792  0.000080 0.000072 0.000074 0.000725 0.000075 0.000075
Cdo 0.006838  0.007095 0.000719 0.000645 0.000665 0.006493 0.000673 0.000671
Cc,0, 0.000511  0.000530  0.000054 0.000048 0.000050 0.000485 0.000050  0.000050
CoO 0.000000 0.000000 0.000000 0.000000 - 0.000000 0.000000 0.000000  0.000000
Cr,0, 0.000964 0.001000 0.000101 0.000091 0.000094 0.000915 0.000095 0.000095
Cs,0 0.000624 0.000648 0.000066 0.000059 0.000061 0.000593 0.000061 0.000061
CuO 0.002211  0.002294  0.000232 0.000209 0.000215 0.002099 0.000218 0.000217
F 0.018479  0.019174  0.001942 0.001744 0.001796 0.017546 0.001820 0.001812
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.002246  0.002330 0.000236 0.000212 0.000218 0.002132 0.000221  0.000220
MnO 0.002023  0.002099 0.000213  0.000191 0.000197 0.001921 0.000199  0.000198
MoO, 0.002439  0.002531 0.000256 0.000230 0.000237 0.002316 0.000240 0.000239
Nd, 0, 0.004292  0.004454 0.000451 0.000405 0.000417 0.004076 0.000423  0.000421
NiO 0.009015 0.009355 0.000947 0.000851 0.000876 0.008560 0.000888  0.000884
P,0, 0.000824  0.000856 0.000087 0.000078 0.000080 0.000783 0.000081  0.000081
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000481  0.000499  0.000051 0.000045 0.000047 0.000456 0.000047 0.000047
Pr,0,, 0.000115 0.000119 0.000012 0.000011 0.000011 0.000109 0.000011  0.000011
Rb,0 0.000315  0.000327 0.000033 0.000030 0.000031 0.000299 0.000031 0.000031
Rh,O, 0.000232  0.000241 0.000024 0.000022 0.000023 0.000220 0.000023  0.000023
RuO, 0.001322 0.001371 0.000139 0.000125 0.000128 0.001255 0.000130 0.000130
SO, 0.004026 0.004178  0.000423  0.000380 0.000391 0.003823 0.000396 0.000395
Sb,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm0, 0.000169 0.000175 0.000018 0.000016 0.000016 0.000160 0.000017 0.000017
Sr0 0.001129 0.001172 0.000119 0.000107 0.000110 0.001072 0.000111  0.000111
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
. TiO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0, 0.000261  0.000270  0.000027 0.000025 0.000025 0.000247 0.000026  0.000026
Zn0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PCTB 5.144 1.286 6.512 0.411 9.646 1.723 4.340 0.320
PCTLi - 3.682 1.355 4.194 0.460 5.527 1.438 3.468 0.580
PCT Na 3.538 1.273 2.552 0.318 5.896 1.608 2.700 0.910

* The glass names are those used in the reference from which the data were taken.
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Table A.3. CVS-II Phase 2 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

CVS2-36% CVS2-37 CVS2-38 CVS239 CVS240 CVS241 CVS242 CVS243

Si0, 0.561666 0.580749 0.555715 0.482977 0.515480 0.538664 0.576536 0.521806
B,O, 0.044710 0.073776  0.103340 0.043079 0.056406 0.060589  0.043840  0.131196
Na,0 0.089493 0.104795 0.109273 0.131811 0.148726 0.076588  0.061554  0.049887
Li0 0.145833  0.143407 0.021710 0.140514 0.086581  0.142382  0.142994  0.135137
CaO 0.088806 0.000000 0.000000 0.000000 0.021916 0.054190 0.034831  0.022054
MgO 0.000000 0.000000 0.128764 0.119058 0.076236 0.030160 0.057551  0.046029
Fe,0, 0.058474  0.007667 0.058010 0.027870 0.007696 0.011418  0.038224  0.011617
ALO, 0.005373 0.084056 0.017306 0.015178 0.060271  0.059611 0.017960  0.030325
Zro, - 0.000000 0.000000 0.000000 0.034075 0.009975 0.009865 0.005908  0.035130
Ag0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000073 0.000071 0.000076 0.000070 0.000215 0.000213 0.000214 0.000217
Cdo 0.000651 0.000640 0.000678 0.000627 0.001928 0.001907 0.001915  0.001940
Ce 0, 0.000049  0.000048 0.000051 0.000047 0.000144 0.000142 - 0.000143  0.000145
CoO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Cr,0, 0.000092 0.000090 0.000096 0.000088 . 0.000272 0.000269 0.000270  0.000273 -
Cs,0 0.000059 0.000058 0.000062 0.000057 0.000176 0.000174 0.000175 0.000177
CuO 0.000211  0.000207 0.000219 0.000203 0.000623 0.000617 0.000619  0.000627
F 0.001759 0.001730 0.001833 0.001695 0.005210 0.005153 0.005176  0.005243
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000214 0.000210 0.000223 0.000206 0.000633 0.000626 0.000629  0.000637
MnO 0.000193  0.000189  0.000201 0.000186 0.000570 0.000564 0.000567 0.000574
MoO, 0.000232  0.000228 0.000242 0.000224 0.000688 0.000680 0.000683  0.000692
Nd4,0, 0.000409  0.000402 0.000426  0.000394 0.001210 0.001197 0.001202 0.001218
NiO 0.000858  0.000844 0.000894  0.000827 0.002542 0.002514 0.002525  0.002558
PO, 0.000079  0.000077 0.000082 0.000076 0.000232 0.000230 0.000231 0.000234
PO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PdO 0.000046  0.000045 0.000048 0.000044 0.000136 0.000134 0.000135 0.000136
Pr0,, 0.000011 0.000011 0.000011 0.000011 0.000032 0.000032 0.000032 0.000033
Rb,0 0.000030  0.000029 0.000031 0.000029 0.000089 0.000088 0.000088  0.000089
Rh,0, 0.000022  0.000022 0.000023 0.000021 0.000065 0.000065 0.000065 0.000066
RuO, 0.000126 0.000124 0.000131 0.000121 0.000373 0.000369 0.000370  0.000375
SO, 0.000383  0.000377 0.000399 0.000369 0.001135 0.001123 0.001128 0.001142
Sb,0,4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000016  0.000016 0.000017 0.000015 0.000048 0.000047 0.000047 0.000048
SO 0.000108  0.000106 0.000112 0.000104 0.000318 0.000315 0.000316 0.000320
TeO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Tio, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0,4 0.000025  0.000024 0.000026 0.000024 0.000073 0.000073 0.000073  0.000074
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 0.480 0.246 1.119 12.701 0.337 0.177 1.694 0.767
PCT Li 0.630 0.300 0.726 6.528 0.328 0.260 1.220 0.697
PCT Na 0.654 0.177 0.807 7.668 0.399 0.188 1.337 0.451

* The glass names are those used/in the reference from which the data were taken.
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Table A.3. CVS-II Phase 2 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVS2-44*% CVS245 CVS246 CVS247 CVS2-48 CVS249 CVS2-50 CVS2-51
Sio, 0.566725 0.538631 0.537222 0.551685 0.496072 0.537845 0.512371  0.578911
B,O, 0.092503  0.097027 0.110893  0.044969  0.131357 0.124169 0.105186  0.098276
Na,0 0.048193  0.049270 0.057086 0.129007 0.099046 0.098360 0.103769  0.118920
Li0 0.139745  0.121611 0.143647 0.089893  0.082770  0.088044 0.080686  0.081492
Ca0 0.053263  0.021781 0.021869  0.055825 0.056542 0.022718 0.031444  0.009546
MgO 0.029644 0.075766 0.030428 0.031070 0.031469 0.031610 0.057752 0.013606
Fe, 0,4 0.007482 0.011779  0.007680 0.007842 0.007942  0.020543  0.022807  0.029966
ALO, 0.036501 0.035460 0.044864 0.024564 0.053116 0.049044 0.039998  0.015047
Zr0, 0.009696 0.009913  0.009953  0.025407 0.010293 0.010340 0.022325  0.020769
Ag,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 °0.000000 0.000000
As,O, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000209 0.000499  0.000468 0.000512 0.000404 0.000223 0.000305  0.000423
Cdo 0.001874  0.004471 0.004194 0.004584 0.003621 0.001999 0.002729  0.003316
Ce,0, 0.000140  0.000334  0.000313  0.000342 0.000271 0.000149  0.000204  0.000032
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000264  0.000630 0.000591 0.000646 0.000510 0.000282 0.000385  0.000556
" Cs,0 0.000171  0.000408 0.000383 0.000418 0.000331 0.000182 .0.000249  0.000349
CuO 0.000606 0.001446 0.001356 0.001482 0.001171 0.000646 0.000883  0.001301
F 0.005065 0.012083  0.011334  0.012387 0.009786 0.005401 0.007376 0.006551
" K0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000616 0.001468 0.001377 0.001505 0.001189 0.000656 0.000896  0.003097
MnO 0.000555 0.001323  0.001241 0.001356 0.001071 0.000591  0.000808 0.001191
MoO, 0.000669  0.001595 0.001496 0.001635 0.001292 0.000713  0.000974  0.001411
Nd,0, 0.001177  0.002807 0.002633 0.002877 0.002273 0.001255 0.001713  0.001110
NiO 0.002471  0.005895 0.005530 0.006043 0.004774 0.002635 0.003599  0.005262
P,O, 0.000226  0.000539 0.000506 0.000553 0.000437 0.000241  0.000329  0.000457
PbO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000132  0.000314  0.000295 0.000322 0.000255 0.000141 0.000192  0.000000
Pr,0,, 0.000031  0.000075 0.000070 0.000077 0.000061 0.000033 0.000046 0.000121
Rb,0 0.000086  0.000206 0.000193 0.000211 0.000167 0.000092 0.000126  0.000000
Rh,0, 0.000064  0.000152 0.000142 0.000155 0.000123 0.000068 0.000093  0.000000
RuO, 0.000362  0.000864 0.000811 0.000886 -0.000700 0.000386 0.000528  0.000743
SO, 0.001104  0.002633  0.002470  0.002699  0.002132 0.001177 0.001607 0.003601
Sb,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000046  0.000110 0.000103  0.000113  0.000089 0.000049  0.000067 0.000000 .
SrO 0.000310 0.000739 0.000693 0.000757 0.000598 0.000330 0.000451  0.000000
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
wo, 0.000000  0.000000 - -0.000000 ©0.000000 0.000000 0.000000 0.000000 0.000000
Y,0, 0.000071  0.000170  0.000160 0.000175 0.000138 0.000076 0.000104  0.000000
ZnO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 . 0.003945
PCTB 0.255 0.500 0.317 1.159 0.307 0.303 0.442 1.764
PCT Li 0.294 0.478 0.346 1.124 0.318 0.334 0.426 1.496
PCT Na 0.194 0.374 0.188 1.055 0.284 0.217 0.368 1.283

* The glass names are those used in the reference from which the data were taken.
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Table A.3. CVS-II Phase 2 Glass Compositions (mole fractions)

and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. Cvs2-52¢# CVS2-53 CVS2-54 CVS2-55 CVS2-56 CVS2-57 CVS2-58
Sio, 0.620786  0.538830 0.578728 0.574707 0.569131 0.585337  0.390482
B0, -0.072955  0.077774  0.098245 0.097563 0.096616 0.099367 0.172825
Na,0 0.045135 0.069967 0.118882 0.118056 0.116911 0.120240 0.048531
Ly0 0.163937 0.124392 0.081466 0.080900 0.080116 0.082397  0.140927
Ca0 0.000887 0.000000 0.009543 0.009477 0.009385 0.009652  0.021455
MgO 0.001388 0.076853 0.013602 0.013507 0.013376 0.013757 0.119408
Fe, O, 0.028028  0.015517 0.029956 0.029748 0.029460 0.030298  0.007534
ALO, 0.014206  0.048607 0.015042  0.014937 0.014792 0.015214  0.088502
Zr0, 0.019424  0.005028 0.020762 0.020618 0.020418 0.021000 0.004882
Ag0O 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As O, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000428  0.000579 0.000454  0.000000 0.000000 0.000000 0.000070
Cdo 0.003836  0.005183  0.004068  0.000000 0.000000 0.000000 0.000629
Ce,0, 0.000287 0.000387 0.000304 0.000000 0.000000 0.000000  0.000047
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Cr,0, 0.000541  0.000730 0.000573 0.003812 0.003020 0.002330  0.000089
Cs,0 0.000350 = 0.000473  0.000371 0.000000 0.000000 ©0.000000 0.000057
CuO 0.001240 0.001676  0.001315 0.000000 0.000000 0.000000 0.000203
‘F 0.010366  0.014007 0.010993 0.010165 0.010066 0.010353  0.001700
K,0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.001260 0.001702  0.001336  0.000000 0.000000 0.000000 0.000207
MnO 0.001135 0.001533  0.001204 0.020882 0.034320 0.000000 0.000186
MoO, 0.001368  0.001849  0.001451  0.000000 0.000000 0.000000 0.000224
Nd,O, 0.002408  0.000000 0.000000 0.003214 0.000000 0.010055 0.000395
- NiO 0.005057 0.006834  0.005363  0.000000 0.000000 0.000000 0.000829
PO, 0.000463  0.000625 0.000491 0.000000 0.000000 0.000000 0.000076
PO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdoO 0.000270  0.000364 0.000286 0.000000 0.000000 0.000000 0.000044
Pr,0,, 0.000064  0.000087 0.000068 0.000000 0.000000 0.000000 0.000011
Rb,0 0.000177  0.000239  0.000187 0.000000 0.000000 0.000000  0.000029
Rh,0, 0.000130  0.000176  0.000138  0.000000 0.000000 0.000000 0.000021
RuO, 0.000741  0.001002 0.000786 0.000000 0.000000 0.000000 0.000122
S0, 0.002259  0.003052 0.002395  0.002412  0.002389  0.000000  0.000370
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000095 0.000128  0.000100 0.000000 0.000000 0.000000 0.000016
SrO 0.000634  0.000856 0.000672  0.000000 0.000000 0.000000 0.000104
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Tio, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.001351  0.001061  0.000000 0.000000 0.000000  0.000000
WO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000- 0.000000
Y,0, 0.000146  0.000198  0.000155 0.000000 ~ 0.000000 0.000000  0.000024
ZnO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 0.557 0.304 2.761 1.342 1.419 1.164 0.778 -
PCT Li 0.554 0.305 1.715 1.127 1.218 1.081 0.636
PCT Na 0.260 0.202 1.612 0.880 0.946 0.842 0.620

* The glass names are those used in the reference from which the data were taken.
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Table A.4. CVS-II Phase 3 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. CV82-59* CVS2-60 CVS2-61 CVS2-62 CVS2-63 CVS2-64 CVS2-65 CVS82-66
§i0, 0.446571  0.528447 0.546037 0.586772 0.362325 0.609524 0.560856 0.545773
B0, 0.151175 0.075654 0.059254 0.160213 0.166126 0.047001 0.102172  0.083466
Na,0 0.125328  0.167335 0.120282 0.114704 0.206488 0.095940 0.087498  0.123811
Li0 0.149043  0.149497 0.151771  0.032991 0.011496 0.138115 .0.147088  0.1109508
CaO ' 0.040964 0.006754 0.000000 0.056343 0.120111 0.002866 0.000787  0.010960
MgO 0.000760  0.000746  0.000000 0.000784 0.000000 0.001276 0.000626 0.009590
Fe,0, 0.007672  0.007530 0.007781 0.007914 0.008436 0.032687 0.000513  0.015396
ALO, 0.069094 0.054545 0.099011 0.030989 0.118912 0.018158 0.012122 0.073335
Zr0, 0.003729  0.003660 0.008823  0.003846 0.000000 0.022486 0.079220 0.001337
Ag0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000073  0.000075 0.000091 0.000070  0.000079  0.000000 0.000000 0.000209
Cdo 0.000654 0.000673 0.000812 0.000628 0.000704 0.006476 0.000000  0.000000
Ce,0, 0.000049 0.000050 0.000061 0.000047 0.000053 0.000483 0.000000 0.000000
CoO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000092  0.000095 0.000114 0.000088 0.000099 0.000477 0.001996  0.004486
Cs,0 0.000060 0.000061 0.000074 0.000057 0.000064 0.000590 0.000000 . 0.000000
CuO 0.000211  0.000218  0.000263  0.000203  0.000228 0.000000 0.000000 0.000000
F 0.001766  0.001818  0.002195 . 0.001697 0.001904 0.001122 0.000000 0.002111
K.,0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000588  0.005844  0.000000
La,0, 0.000215 0.000221 0.000267 0.000206 0.000231 0.000549 0.000083  0.000829
MnO 0.000193  0.000199 0.000240 0.000186 0.000208 0.000000 0.000000 0.010581
MoO, 0.000233  0.000240 0.000290° 0.000224 0.000251 0.001066 0.000000  0.002768
Nd,0, 0.000410  0.000422  0.000510 0.000394 0.000442 0.002788 0.001160  0.000000
Nio 0.000862  0.000887 0.001071  0.000828 0.000929 0.008450 0.000000 0.004439
P,0, 0.000079  0.000081  0.000098 0.000076 0.000085 0.001681 0.000000  0.000000
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000802 0.000000 0.000000
PdO 0.000046  0.000047 0.000057 0.000044 0.000050 0.000279 0.000000 0.000000
Pr,0,, 0.000011  0.000011 0.000014 0.000011 0.000012 0.000000 0.000000 0.000000
Rb,0 0.000030  0.000031  0.000037 0.000029 0.000032 0.000000 0.000000 0.000000
Rh,0, 0.000022 0.000023 0.000028 0.000021 0.000024 0.000118  0.000035  0.000000
RuO, 0.000126  0.000130 0.000157 0.000121 0.000136 0.000852  0.000000  0.000000
SO, 0.000385 0.000396 0.000478 0.000370 0.000415 0.002236  0.000000  0.000000
Sb,0,4 0.000000 0.000000 0.000000 - 0.000000 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000016  0.000017 0.000020 0.000015 0.000017 0.000000 0.000000 0.000000
§r0 0.000108  0.000111  0.000134 0.000104 0.000116 0.000000 0.000000  0.000000
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.002240  0.000000  0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Y,0, 0.000025 0.000026 0.000031 0.000024 0.000027 0.000000 0.000000  0.000000
Zn0 0.000000  0.000000 0.000000 0.000000 0.000000 0.001152 0.000000  0.000000
PCTB 1.591 1.624 0.222 1.002 .0.332 0.379 0.335 0.210

PCTLi 1.287 1.158 0.280 0.862 0.222 0.376 0.355 0.247

PCT Na 1.222 1.523 0.230 0.928 0.390 0.342 0.200 0.223

* The glass names are those used in the reference from which the data were taken.
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Table A.4. CVS-II Phase 3 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVS2-67* CVS2-68 CVS2-69 CVS2-70 CVS2-71 CVS2-72 CVS2-73 CVS2-74

Sio, 0.484279  0.518857 0.587706 0.509864 0.605472 0.546417 0.524842 0.586424
B0, © 0.144322 0.120392  0.069990 0.128550 0.046688  0.083565 0.121780  0.069837
Na,0 0.110933  0.079541  0.066838  0.082685  0.095302 0.123957 0.080458  0.066693
LiO 0.123522 0.144074 0.148865 0.145946 0.137196 0.111039 0.145736  0.148541
Ca0 0.002709  0.000772 0.008789  0.000900 0.002847 0.010973 0.000781  0.008770
MgO 0.000157  0.000307 0.004953 0.001253  0.001267 0.009602 0.000310  0.004943
Fe, 04 0.000159 0.001782 0.013049 0.003162 0.032470 0.015414 0.001802 0.013020
ALO, 0.126855 0.099491  0.049930 0.112593  0.018037 0.073421  0.100639  0.049821
Zro, 0.000000 0.000050 0.000253 0.000256 0.022336 0.001339  0.000051  0.000253
Ag,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
AsO, 0.000000 0.000000 0.000000 0.000340 0.000000 0.000000 0.000000 0.000000
BaO 0.000000  0.000000 0.000000 0.000000 0.000494 0.000313 0.000304 0.000666
Cdo 0.000000 0.000000 0.000534 0.000538 0.004428 0.002800 0.002722  0.005964
Ce,0, 0.000000 0.000000 0.000000 0.000240 0.000331 0.000209 0.000203  0.000446
CoO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000563 0.012071 0.009750 0.004852 0.000624 0.000395 0.000384  0.000840
Cs,0 . 0.000000 0.000000 0.000000 0.000000 0.000404 0.000256 0.000248 0.000544
CuO 0.000000 0.000000 0.001437 0.001304 0.001432 0.000305 0.000880  0.001928
F 0.004280  0.018418 0.003609 0.000000 0.011966 0.007567 0.007356 0.016116
K,0 0.000000 0.001065 0.000000° 0.000000 0.000000 0.000000 0.000000 0.000000
La, O, 0.000000 0.000000 0.000000 0.000106 0.001454 0.000919 0.000894 0.001958
MnO 0.000000 0.001894 0.010728 0.002562 0.00131C  0.000828 0.000805 0.001764
MoO, 0.000000 0.000304 0.000000 0.000000 0.001579 ° 0.000999 0.000971  0.002127
Nd, O, 0.000000 0.000000 0.000323 0.000103 0.002779 0.001758 -~ 0.001709 0.003744
NiO 0.000000 0.000000 0.000000 0.000693 0.005838 0.003692 0.003589  0.007863
PO, 0.002203  0.000000 0.014309  0.000297 0.000534 0.000338 0.000328  0.000719
PO 0.000000  0.000000 0.000410 0.000000 0.000000 0.000000 0.000000 0.000000
Pdo 0.000000  0.000000 0.000700 0.000706 0.000311 0.000197 0.000191  0.000419
PrO,, 0.000000 0.000000 0.000000 0.000000 0.000074 0.000047 0.000046 0.000100
Rb;0 0.000000 0.000000 - 0.000000 0.000000 0.000204 0.000129 0.000125 0.000275
Rh,0, 0.000000 0.000000 0.000158 0.000166 0.000150 0.000095 0.000092  0.000202
RuO, 0.000000 0.000000 0.000301 0.000337 0.000856 0.000541 0.000526 0.001153
SO, 0.000018  0.000064 0.005361 0.000216 0.002607 0.001649 0.001603  0.003512
Sb,0, 0.000000 0.000000 0.000000 0.000106 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000 0.000000 0.002009 0.002007 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000  0.000000 0.000000 0.000000 0.000109 0.000069 0.000067 0.000147
SrO 0.000000 0.000000 0.000000 0.000000 0.000731 0.000462 0.000450  0.000985
TeO, 0.000000 0.000000 0.000000 0.000217 0.000000 0.000000 0.000000  0.000000
. TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y.0, 0.000000 0.000000 0.000000 0.000000 0.000169 0.000107 0.000104 0.000227
ZnO 0.000000 0.000917 0.000000 0.000000 0.000000 0.006000 0.000000 0.000000
PCTB 0.512 0.308 0.226 0.312 0.411 0.210 0.244 0.226
PCT Li 0.480 0.340 0.302 0.381 0.427 0.226 0.301 0.279
PCT Na 0.214 0.127 0.112 0.128 0.350 0.228 0.074 0.147

* The glass names are those used in the reference from which the data were taken.
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Table A.4. CVS-II Phase 3 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVS2.75* CVS2-76 CVS2-77 CVS2-78 CVS2-79 CVS2-80 CVS2-81 CVS2-82

Sio, 0.508511  0.517269 0.478355 0.598395 0.626631 0.568136 0.456525 0.533726
B,0, 0.128208  0.053380  0.054442 0.147557 0.157932 0.154619 0.053728  0.078144
Na,0 0.082465 0.179876 0.183453  0.051795 0.055436 0.054273 0.174411 0.166309
LiO 0.145559  0.130997 0.147978  0.054575 0.027826 0.039626 0.146039  0.134149
Ca0 0.000898  0.044177 0.005632 0.005724 0.006127 0.005998 0.005558  0.005106
MgO 0.001249  0.007684 0.007836  0.063719  0.008525 0.066768 0.061870  0.056833
Fe,0, 0.003153  0.040724 0.001978  0.028103  0.045183  0.044235 0.040990  0.001793
ALO, 0.112294  0.012149 0.012391 0.012594 0.013479 0.013196 0.012228  0.011233
Zr0, 0.000255 0.002513  0.056391 0.025896 0.002788  0.040949  0.002530  0.002324
Ag0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000224 0.000145 0.000664 0.000150 0.000722 0.000157 0.000594  0.000134
Cdo 0.002008  0.001296 0.005946  0.001343  0.006468 0.001407 0.005320 0.001198
Ce,0, 0.000150  0.000097 0.000444 0.000100 0.000483 0.000105 0.000398  0.000089
CoO 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Cr,0, 0.000283  0.000183 0.000838 0.000189 0.000911 0.000198 0.000750 0.000169
Cs,0 0.000183  0.000118 0.000543 0.000123 0.0005%0 0.000128 0.000486  0.000109
CuO 0.000649  0.000419 0.001923  0.000434 0.002091 0.000455 0.001720  0.000387
F 0.005426  0.003501 0.016068  0.003629 0.017479  0.003803  0.014377  0.003237
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000659 0.000425 0.001953 0.000441 0.002124 0.000462 0.001747 0.000393
MnO 0.000594  0.000383 0.001759 0.000397 0.001914 0.000416 0.001574  0.000354
MoO, 0.000716 0.000462 0.002121 0.000479 0.002307 0.000502 0.001898  0.000427
Nd,0, 0.001260 0.000813  0.003732 0.000843 0.004060 0.000883  0.003340  0.000752
NiO 0.002647 0.001708  0.007839 0.001771 0.008528 0.001855 0.007014 ~ 0.001579
PO, 0.000242  0.000156 0.000717 0.000162 0.000780 0.000170 0.000642 0.000144
PbO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PdO 0.000141  0.000091 0.000418  0.000094 0.000455 0.000099 0.000374  0.000084
Pr,0,, 0.000034  0.000022 0.000100 0.000023 0.000108 0.000024 0.000089  0.000020
Rb,0 0.000092  0.000060 0.000274 0.000062 0.000298 0.000065 0.000245  0.000055
Rh,0, 0.000068  0.000044  0.000202 0.000046 0.000219 0.000048 0.000180  0.000041
RuO, 0.000388  0.000250 0.001149  0.000260 0.001250 0.000272 0.001028  0.000232
S0, 0.001182  0.000763 0.003501 0.000791 0.003809 0.000829 0.003133  0.000705
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Sm,0, 0.000050  0.000032 0.000147 0.000033 0.000160 0.000035 0.000131  0.000030
Sr0 0.000332  0.000214 0.000982 0.000222 0.001068 0.000232 0.000879  0.000198
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
TiO, 0.000000  0.000000  0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Wwo, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Y,0,4 0.000077 0.000049 0.000227 0.000051 0.000246 0.000054 0.000203  0.000046
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 0.278 14.871 9.512 0.934 0.744 0.764 16.613 44.000

PCT Li 0.334 7.571 6.221 0.698 0.684 0.672 8.064 19.969

PCT Na 0.100 12.541 6.552 0.593 0.660 0.600 12.824 35.377

* The glass names are those used in the reference from which the data were taken.
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Table A.4. CVS-II Phase 3 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVS2-83* CVs2-84 CVS2-85 CVS2-86 CVS2-87 CVS2-88 CVS2-89 CVS2-90
Sio, 0.488745  0.486090 0.453040 0.523892  0.548474 0.480202 0.500662 0.578967
B0, 0.081867  0.055322 0.053318  0.056946  0.075997 0.054093 0.114998  0.142766
Na,0 0.174049 0.186420 0.179668 0.191892 0.192066 0.142076 0.198554  0.054322
Li,0 0.140192  0.150371  0.144925 0.030072 0.039838  0.147031 0.022880  0.145520
Ca0 0.042747 0.005723  0.005516 0.047129 0.016156 0.044768 0.048765 0.005538
MgO 0.007435 0.007963  0.030699  0.008197 0.008204 0.007786 0.008481 0.007706
Fe,0, 0.001876  0.042206 0.001937 0.002069 0.010353 0.009826 0.044953  0.039210
ALO, 0.011756 0.012591 0.103147 0.110165 0.064019 0.064634 0.013411  0.012185
Z:0, 0.002432  0.041675 0.002510 0.002681  0.032901  0.038203  0.0349500  0.002521
Ag0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As)0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000630  0.000150 0.000325 0.000347 0.000154 0.000147 0.000160 0.000145
Cdo 0.005641  0.001343 0.002912 0.003110 0.001383 0.001313 0.001430 0.001299
Ce,0, 0.000421  0.000100 0.000218  0.000232 0.000103  0.000098 0.000107  0.000097
Co0O 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000795 0.000189 0.000410 0.000438 0.000195 0.000185 0.000202 0.000183
Cs,0 0.000515 0.000123 0.000266 0.000284 0.000126 0.000120 0.000131  0.000119
CuO 0.001824 0.000434 0.000941 0.001005 0.000447 0.000424 0.000462  0.000420
F 0.015244 0.003628 0.007868 0.008403  0.003738 0.003548 0.003865 0.003511
K,0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La, 0, 0.001852 0.000441 0.000956 0.001021  0.000454 0.000431 0.000470  0.000427
MnO 0.001669  0.000397 0.000861 0.000920 0.000409 0.000388  0.000423  0.000384
MoO, 0.002012  0.000479 0.001039 0.001109 0.000493 0.000468 0.000510 0.000464
N4,0, - 0.003541  0.000843 0.001828 0.001952 0.000868 0.000824 0.000898  0.000816
NiO 0.007437 0.001770  0.003839 0.004100 0.001824 0.001731 0.001885 0.001713
P,0; 0.000680 0.000162 0.000351 ©0.000375 0.000167 0.000158 0.000172  0.000157
PbO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Pdo 0.000397  0.000094 0.000205 0.000219 0.000097 0.000092 0.000101  0.000091
Pr,0,, 0.000095  0.000022 0.000049 0.000052° 0.000023 0.000022 0.000024  0.000022
Rb,0 0.000260 0.000062 0.000134 0.000143 0.000064 0.000060 0.000066 0.000060
Rh,0, 0.000191  0.000046  0.000099 0.000105 0.000047 0.000045 0.000048 0.000044
RuO, 0.001090 0.000260 0.000563 0.000601 0.000267 0.000254 0.000276 0.000251
SO, 0.003321  0.000791 0.001714 0.001831 0.000815 0.000773 0.000842  0.000765
Sb,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm0, 0.000139  0.000033  0.000072 0.000077 0.000034 0.000032 0.000035  0.000032
SrO 0.000932 0.000222 0.000481 0.000514 0.000228 0.000217 0.000236  0.000215
TeO, 0.000000 0.000000 0.000000 0.000000 = 0.000000 0.000000 0.000000  0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y.0, 0.000215 0.000051 0.000111 0.000119 0.000053 0.000050 0.000054 0.000050
Zn0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 34.656 12.460 0.456 0.115 0.178 0.308 1.716 5.577

PCTLi 19.228 6.682 0.422 0.091 0.131 0.376 1.236 3.764

PCT Na 27.890 8.236 0.749 0.254 0.286 0.473 1.348 3.481

* The glass names are those used in the reference from which the data were taken.

A16




Table A.4. CVS-II Phase 3 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVs2-91* CVS292 CVS2-93 CVS2-94 CVS2-95 CVS296 CVS297 CVS2-98
Si0, 0.589408  0.450082 0.468865 0.451923  0.504882 0.512371 0.578911  0.450027
B,O, 0.145341  0.141253  0.122961  0.141831  0.098986 0.105186 0.098276 0.161186
Na,0 0.107135  0.099164  0.132123  0.179225 0.167079 0.103769 0.118920 0.207746
Li0 0.021164 0.143978  0.149987 0.108632 0.088762 0.080686 0.081492  0.079502
Ca0 0.005638  0.005480 0.011189  0.044018 0.012488 0.031444  0.009546  0.000000
MgO 0.062762  0.060997 0.007943  0.007656 0.025531 0.057752 0.013606  0.000000
Fe, 0, 0.001980  0.001924  0.039532  0.010473  0.036049  0.022807 0.029966  0.008063
ALO, 0.012405 0.012056 0.012559  0.042549  0.022306 0.039998 0.015047 0.087640
Zr0, 0.002566  0.034915  0.002598  0.002504 0.020599  0.022325 0.020769  0.000000
Ag0 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
A0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000664 0.000646 0.000673 0.000144 0.000000 0.000305 0.000423  0.000075
Cdo 0.005953  0.005785 0.006027 0.001291  0.000000 0.002729 0.003316 0.000673
Ce,0, 0.000445 0.000432 0.000450 0.000096 0.000000 0.000204 0.000032  0.000050
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Cr,0, 0.000839  0.000815 0.000849 0.000182 0.000000 0.000385 0.000556 0.000095
Cs,0 0.000543  0.000528 0.000550 0.000118 0.000000 0.000249 0.000349  0.000061
Cu0 0.001925 0.001871  0.001949 0.000417 0.000000 0.000883 0.001301 0.000218
F 0.016086 0.015634 0.016286  0.003488 0.000000 0.007376 0.006551 0.001820
K0 0.000000 0.000000 0.000000 0.000000 0.000263 0.000000 0.000000 0.000000
La,0, 0.001955 0.001900 0.001979 0.000424 0.000780 0.000896 0.003097  0.000221
MnO 0.001761 0.001712 0.001783 0.000382 0.011706 0.000808 0.001191  0.000199
MoO, 0.002123  0.002064  0.002150 0.000460 0.000000 0.000974 0.001411  0.000240
Nd,0, 0.003737 0.003631 0.003783  0.000810° 0.000000 0.001713 0.001110 0.000423
NiO 0.007848  0.007627 0.007945 0.001702 0.005061 0.003599 0.005262  0.000888
P,0, 0.000718  0.000698  0.000727 0.000156 0.000000 0.000329 0.000457  0.000081
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000418  0.000407 0.000424 0.000091 0.000000 0.000192 0.000000 0.000047
Pr,0,, 0.000100  0.000097 0.000101  0.000022 0.000000 0.000046 0.000121 0.000011
Rb,0 0.000274  0.000266 0.000277 0.000059 0.000000 0.000126 0.000000  0.000031
Rh,0, 0.000202 0.000196 0.000204 0.000044 0.000000 0.000093 0.000000  0.000023
RuO, 0.001151 0.001118 0.001165 0.000250 0.000000 0.000528 0.000743  0.000130
S0, 0.003505 0.003406 0.003548 0.000760 0.000000 0.001607 0.003601  0.000396
Sb,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000147  0.000143  0.000149 0.000032 0.000000 0.000067 0.000000 0.000017
SrO 0.000983  0.000956 0.000995 0.000213 0.000000 0.000451 0.000000 0.000111
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.005508 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0, 0.000227  0.000220 0.000230 0.000049 0.000000 0.000104 0.000000  0.000026
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003945  0.000000
PCTB 8.642 18.590 13.227 4.070 9.976 0.493 1.434 4.520
PCTLi 6.774 12.442 1.757 3.066 4.271 0.429 1.052 3.497
PCT Na 6.738 11.792 10.010 3.350 7.259 0.410 1.134 2.796

* The glass names are those used in the reference from which the data were taken.
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Table A.4. CVS-II Phase 3 Glass Compositions (mole fractions)
.and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVS2:99% CVS2-100 CVS2-101
§i0, 0.576620  0.591424  0.512060
B,0, 0.092683  0.070880  0.101150
Na,0 0.105287 0.067351  0.171843
Li,0 0.079332  0.133002  0.088901
Ca0 0.011518  0.004162  0.013835
MgO 0.012721  0.001985  0.028025
Fe,0, 0.042490  0.051319  0.036932
ALO, 0.034156  0.018704  0.022280
Zr0, 0.010754  0.023974  0.002458
Ag0 0.000287  0.000087  0.000000
AsO, 0.000000  0.000000  0.000000
BaO 0.000218  0.000303  0.000000
-Cdo 0.001556  0.004153  0.000000
Ce,0, 0.000271  0.000000  0.000000
Co0 0.000401  0.000000  0.000000
Cr,0, 0.000877  0.000263  0.000000
Cs,0 0.000000  0.000000  0.000000
Cu0 0.000169  0.000254  0.000000
F 0.000000 0.000000  0.000000
K,0 0.014986  0.011612  0.000268
La,0, 0.000287  0.000941  0.000542
MnO 0.003677 0.001609  0.012097
MoO, 0.000045  0.000000  0.000000
N4,0, 0.000910  0.002874  0.000000
NiO 0.002587  0.006159  0.004477
P,0, 0.002580  0.004134  0.000000
PbO 0.000597  0.000328  0.000000
PdO 0.000000  0.000000  0.000000
Pr,0, 0.000000  0.000000  0.000000
Rb,0 0.000000  0.000000  0.000000
Rh,0, 0.000000  0.000000  0.000000
RuO, 0.000000  0.000452  0.000000
so, 0.003326  0.002668  0.000000
Sb,0, 0.000000  0.000000  0.000000
Se0, . 0.000000  0.000000  0.000000
Sm,0, 0.000000  0.000000  0.000000
Sr0 0.000256  0.000322  0.000000
TeO, 0.000000  0.000209  0.000000
TiO, 0.001000  0.000670  0.005133
U,0, 0.000000  0.000000  0.000000
wo, 0.000000  0.000000  0.000000
Y,0, 0.000000  0.000000  0.000000
ZnO 0.000411  0.000162  0.000000
PCTB 0.232 0.326 8.644

PCT Li 0.246 0.343 3.831

PCT Na 0.199 0.226 6.586

* The glass names are those used in the reference from which the data were taken.
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Table A.5. CVS-II Phase 4 Glass Compositions (mole fractions)

and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. CVS2-102*% CVS2-103 CVS2-104 CVS2-105 CVS2-106 CVS2-107 CVS2-108 CVS2-109
Sio, 0.579488  0.453956 0.494661  0.534747 0.613270 0.612819 0.552342 0.521788
B,0, 0.098382  (0.127752 0.118210 0.108843  0.090480 0.046526 0.140604 0.188172
Na,0 0.118063  0.153307 0.141889  0.130626 0.108578 0.124849  0.112532  0.106305
Li0 0.081628 0.105996 0.098094 0.090321 0.075070 0.086327 0.077811  0.073499
Ca0 0.009627 0.012503 0.011565 0.010652 0.008853 0.010177 0.009181  0.008667
MgO 0.013556  0.017595 0.016289  0.015000 0.012462  0.014337 0.012920  0.012205
Fe,0, 0.029285  0.038030 0.035196 0.032401  0.026932  0.030968  0.027914. 0.026370
AlLO, 0.014736  0.019137 0.017710 0.016303 0.013555 0.015585 0.014048  0.013266
Zr0, 0.020323  0.026390 0.024426  0.022483 0.018693  0.021492 0.019373  0.018297
Ag0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000450  0.000584 0.000540 0.000497 0.000413 0.000475 0.000428  0.000405
Cdo 0.004027 0.005229  0.004840 ' 0.004456 0.003704 0.004259 0.003838  0.003626
Ce,0, 0.000301  0.000391 0.000362 0.000333- 0.000277 0.000318  0.000287 0.000271
CoO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000567 0.000737 0.000682 0.000628 0.000522 0.000600 0.000541  0.000511
Cg,0 0.000368  0.000477 0.000442 0.000407 0.000338 0.000389 0.000350 0.000331
CuO 0.001302 0.001691 0.001565 0.001441 0.001198  0.001377 0.001241 0.001172
F 0.010883  0.014132 0.013080 0.012040 0.010009 0.011509 0.010373  0.009799
K,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.001322  0.001717 0.001589 0.001463 0.001216 0.001399  0.001260 0.001191
MnO 0.001191 0.001547 0.001432 0.001318 0.001096 0.001260 0.001136 0.001073
MoO, 0.001437  0.001865 0.001727  0.001589  0.001321 0.001519 0.001369  0.001293
Nd,0, 0.002528  0.003283  0.003038  0.002797 0.002325 0.002673 0.002409  0.002276
NiO 0.005309  0.006894  0.006381  0.005874 0.004883 0.005615 0.005060 0.004780
P,0; 0.000486  0.000631 0.000584 0.000537 0.000447 0.000514 0.000463  0.000437
PbO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PdO 0.000283 - 0.000368 0.000340 0.000313  0.000260 . 0.000299 0.000270  0.000255
Pr,0,, 0.000067 . 0.000088 0.000081 0.000075 0.000062 0.000071 0.000064 0.000061
Rb,0 0.000185  0.000241 ~ 0.000223 0.000205 0.000170 0.000196 0.000177 0.000167
Rh,0, 0.000137  0.000177 0.000164 0.000151 0.000126 0.000144 0.000130  0.000123
RuO, 0.000778  0.001011 0.000936 0.000861 0.000716 0.000823 0.000742 0.000701
SO, 0.002371  0.003079 0.002850 0.002623 0.002181 0.002508 0.002260 0.002135
Sb,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Se0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000099  0.000129 0.000119 0.000110 0.000091 0.000105 0.000095  0.000089
Sro - 0.000665 0.000864 0.000799 0.000736 0.000612 0.000703 0.000634  0.000599
TeO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000 0.000000 ©0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U;0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
WO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
Y,0, 0.000153  0.000199 0.000184 0.000170 0.000141 0.000162 0.000146  0.000138
Zn0 0.000000  0.000000 0.000000 .0.000000 0.000000 0.000000 0.000000 0.000000
PCTB 2.672 6.073 5.548 4.590 1.651 0.788 2.144 5.707
PCT Li 1.921 4.066 3.633 3.132 1.348 0.662 1.646 4.494
PCT Na 1.677 4.082 3.668 2.974 1.165 0.620 1.387 3.584

* The glass names arc those used in the reference from which the data were taken.
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Table A.S5. CVS-II Phase 4 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Cvs2-114

PCT Na

Comp. CVS2-110% CVS2-111 CVs2-112  CVS2-113 CVS2-115 CVSs2-116 CVS2-117
-8i0, 0.622469  0.553837 0.519827 0.616782  0.550790  0.538521 0.571568  0.587447
B,O, 0.105683  0.094027 0.088255 0.104716  0.093510 0.091424 0.097040  0.099732
Na,0 - 0.052656 0.157087 0.208876 0.125657 0.112216 0.109716 0.116448 0.119682
Li,0 0.087680  0.078025 0.073218 0.022525 0.127108 0.146550 0.080518  0.082755
Ca0 0.010335 0.009201 0.008634  0.010250 0.009150 0.008947 0.023153  0.009759
MgO 0.014559  0.012964  0.012158  0.014429 0.012885 0.012603  0.013369  0.000000
Fe,O, 0.031456  0.027988  0.026270 0.031169  0.027835 0.027214 0.028885  0.029688
AlLO, 0.015831  0.014081. 0.013218 0.015685 0.014006 0.013695 0.014537 0.014941
Zr0, 0.021830  0.019422  0.018229 .0.021631 0.019317 0.018887 0.020048  0.020604
Ag,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
As,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
BaO 0.000483  0.000430 0.000403 0.000478 0.000427 0.000418 0.000443  0.000456
Bi,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cdo 0.004326  0.003849 0.003612 0.004286 0.003828 0.003742 0.003972  0.004082
Ce,0, 0.000323  0.000288 0.000270 0.000320 0.000286 0.000280 0.000297  0.000305
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000610  0.000542  0.000509 0.000604 0.000539  0.000527 0.000560  0.000575
Cs,0 0.000395 0.000351 0.000330 0.000391 0.000349 0.000342 0.000363  0.000373
CuO 0.001399  0.001245 0.001168 0.001386 0.001238 0.001210 0.001284  0.001320
F 0.011690 0.010401 0.009762 0.011583 0.010344 0.010113 0.010734 0.011032
K,0 0.000000 0.000000 0.000000 0.000000 = 0.000000 0.000000 0.000000  0.000000
La,0, 0.001421 0.001264 0.001186 0.001408  0.001257 0.001229 0.001304 0.001341
MnO 0.001280 0.001139 0.001069 0.001268 = 0.001132 0.001107 0.001175  0.001208
MoO, 0.001543  0.001373  0.001289  0.001529 0.001365 0.001335 0.001417  0.001456
Nd O, 0.002715 0.002416 0.002268 0.002691  0.002403  0.002349 0.002493  0.002563
NiO 0.005703  0.005075 0.004763 0.005651 0.005046 0.004934 0.005237 0.005382
PO, 0.000522 0.000464 0.000436  0.000517 0.000462 0.000451 0.000479  0.000492
PbO 0.000000 0.000000 0.000000 0.000000 0.000000 0.600000 0.000000  0.000000
PdO 0.000304 . 0.000271 0.000254 0.000301 0.000269 0.000263 0.000279  0.000287
Pr,0, 0.000072  0.000064 0.000061 0.000072 0.000064 0.000063 0.000067 0.000068
X 0.000199  0.000177 0.000166 0.000197 0.000176 0.000172 0.000183 0.000188
Rh,0, 0.000147  0.000131  0.000122 0.000145 0.000130 0.000127 0.000135 0.000138
RuO, 0.000836 0.000744  0.000698  0.000828 0.000740 0.000723 0.000768  0.000789
SO, 0.002547  0.002266 0.002127 0.002524 0.002254 0.002204 0.002339  0.002404
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Se0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000107 0.000095 ©0.000089 0.000106 0.000094 0.000092 0.000098 0.000101 °
Sr0 0.000715 0.000636 0.000597 0.000708 0.000632 0.000618 0.000656 0.000674
TeO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
WO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y.0, 0.000165 0.000147 0.000138 0.000163 0.000146 0.000143  0.000151 0.000156
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PCTB . 0314 6.135 14.400 0.612 7.116 9.406 3.012 1.590
PCT Li 0.402 3.894 7.794 0.630 4.928 5.837 2.203 1.337
0.118 4.043 9.603 0.510 4.599 5.765 2.030 1.099

* The glass names are those used in the reference from which the data were taken.
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Table A.5. CVS-II Phase 4 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. CVs2-118* CVS2-119 CVS2-120 CVS2-121 CVS2-122 CVS2-123 CVS2-124
Si0, 0.568631 0.588149  0.569204 0.549531 0.529092 0.578911  0.412660
B,O, 0.096540  0.099852 0.096636 0.093295 0.089825 0.098276 0.137413
Na,0 0.115846  0.119827 0.115965 0.111955 0.107801 0.118920  0.164902
Li,0 0.080095  0.082855 0.080185 0.077413 0.074533 0.081492 0.114012
Ca0 0.009443  0.009775 0.009454 0.009133 0.008787 0.009546 0.013446
MgO 0.032046 0.013761 0.013318  0.012857 0.012379 0.013606 0.018934
Fe,0, 0.028737  0.029723  0.028766 0.027771  0.026739  0.029966  0.040904
ALO, 0.014460 0.000000 0.032218 0.065664 0.100412 0.015047  0.020582
Zr0, 0.019942  0.020627 0.019962 0.019273 0.018556 0.020769  0.028386
Ag0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
As,O, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
BaO 0.000441  0.000456 0.000442 0.000426 0.000410 0.000423  0.000628
CdO 0.003952  0.004087 0.003956 0.003819 0.003677 0.003316  0.005625
Ce,0, 0.000295  0.000305 0.000296 0.000285 0.000275 0.000032  0.000420
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000557 0.000576  0.000557 0.000538 0.000518 0.000556 0.000793
Cs,0 0.000361  0.000373  0.000361 0.000349  0.000336 0.000349  0.000513
Cuo 0.001278  0.001322 0.001279 0.001235 0.001189 0.001301  0.001819
F 0.010679  0.011046 0.010690 0.010320 0.009937 0.006551  0.015200
K0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.001298  0.001342 0.001299 0.001254 0.001207 0.003097 0.001847
MnO 0.001169  0.001209 0.001170 0.001130 0.001088 0.001191 0.001664
MoO, 0.001410  0.001458  0.001411  0.001362 0.001312 0.001411  0.002006
Nd, 0, 0.002481  0.002566  0.002483  0.002397 0.002308 0.001110 0.003531
NiO - 0.005210  0.005389  0.005215 0.005035 0.004848 0.005262 0.007416
P,0, 0.000477 0.000493  0.000477 0.000460 0.000443 0.000457 0.000678
PbO 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000  0.000000
PdO 0.000278  0.000287 0.000278 0.000268 0.000259 0.000000 0.000395
Pr,0,, 0.000066 0.000068 0.000066 0.000064 0.000062 0.000121 0.000094
X 0.000182° 0.000188 0.000182 0.000176 0.000169  0.000000  0.000259
Rh,0, 0.000134  0.000139  0.000134 0.000129 0.000125 0.000000 0.000191
RuO, 0.000764  0.000790 0.000765 0.000738 0.000711 0.000743  0.001087
SO, 0.002327  0.002407  0.002329  0.002249 - 0.002165 0.003601  0.003312
Sb,0, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SeO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0,4 0.000097 0.000101  0.000098 0.000094 0.000091  0.000000 0.000139
Sr0 0.000653  0.000675 0.000653 0.000631 0.000607 0.000000 0.000929
TeO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
TiO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
U,0, 0.000000 0.000000 0.000000 0.000000 . 0.000000 0.000000 0.000000
wo, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Y,0, 0.000151 0.000156 0.000151 0.000146 0.000140 0.000000 0.000214
ZnO 0.000000 0.000000 0.000000 0.000000 0.000000 0.003945  0.000000
PCTB 3.630 3.803 0.291 0.199 0.193 1473 5.567
PCT Li 2.609 2.688 0.324 0.311 0.363 1.125 4.424
PCT Na 2.394 2.574 0.231 0.137 1.075 4.293

0.089

* The glass names are those used in the reference from which the data were taken.
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Table A.6. Ramsey Glass Compositions (mole fractions)

and PCT Normalized Si, B, and Na Releases (g/m?)

#* S0, ALO, B0, FeO, FeO CaO NaO PCTSi PCTB PCT Na
1 0.6049 0.1046 0.1407 0 0 0 0.1499 0.093 0.555 0.239
2 0593 0.1038 0.0495 0 0 0.1035 0.1529 0.045 0.075 0.187
4 0.6009 0.1107 0.0430 0 0 0 0.2454 0.187 0.368 0.685
5 0.5887 0.0349 0.1365 0 0 0.0961 0.1438 0.179 0.361 0.364
6 05857 0.0296 0.1312 0.0871 0.0256 0 0.1407 0.162 0.817 - 0512
7 05938 0.0062 0.1446 0 0 0 0.2555  15.029 29.834 25.044
8 0.5800 0.0252 0.0473 0.0828 0.0200 0.0934 0.1424 0.108 0.257 0.597
9 05953 0.0012 0.0491 0 0 0.1002 0.2543  16.036 38.709 27.827

10 0.5777 0.0165 0.0409 0.0794 0.0294 0 0.2561 0.710 1.702 1.508

11 04817 0.1084 0.1543 0 0 0.1040  0.1516 0.047 0.254 0.286

13 0.5000 0.1198 0.1390 0 0 0 0.2412 0.085 2.122 1.133

15 0.5036 0.1121 0.0453 0 0 0.0980 0.2410 0.126 0.174 0.762

16 0.5046 0.1084 0.0440 0.0874 0.0225 0 0.2331 0.218 0.493 0.620

17 04551 0.0810 0.1344 0.0715 0.0340 0.0896 0.1344 0.078 0.184 0.481

18 0.4912 0.0057 0.1429 0 0 0.1026 0.2576 7.624 31.162 22.973

19 0.4643 0.0260 0.1319 0.0901 0.0146 O 0.2730 0.367 5.016 2.621

20 0.4876 0.0067 0.0496 0.0975 0.0133 0.0992 0.2461 0.361 0.770. 1.748

21 05684 0.0751 0.0861 0.0374 0.0080 0.0384 0.1865 0.126 0.275 0.378

22 0.4604 0.1295 0.0974 0.0489 0.0166 0.0532 0.1850 0.084 0.165 0.240

23 05047 0.1568 0.0774 0.0295 0.0162 0.0352 0.1802 0.086 0.152 0.205

24 05302 0.0500 0.1036 0.0527 0.0166 0.0560 0.1909 0.128 0.436 0.531

25 05212 0.0876 0.1357 0.0355 0.0111 0.0370 0.1720 0.103 0.417 0.353

26 0.5553 0.0755 0.0432 0.0493 0.0244 0.0563 0.1960 0.123 0.254 0.472

27 0.5112 0.0972 0.0795 0.0333 0.0122 0.0936 0.1731 0.058 0.137 0.277

28 0.5412 0.1016 0.0938 0.0496 0.0212 0 0.1926 0.134 0.307 0.312

29 0.5348 0.0817 0.0765 0.0784 0.0301 0.0345 0.1640 0.120 0.276 0.382

30 0.5542 0.0673 01130 0 O 0.0631  0.2025 0.138 0.847 0.817

31 05099 0.1002 0.0776 0.0346 0.0109 0.0368 0.2300 0.147 0.310 0.469

32 0.5264 0.1130 0.0943 0.0442 0.0282 0.0541 0.1400 0.050 0.123 0.202

33 05116 0.1234 0.0877 0.0372 0.0181 0.0430 0.1790 0.088 0.168 0.237

* The glass mumbers are those used in the reference from which the data were taken. Note that three mumbers are
missing, so that there are only 30 glasses, not 33.
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Table A.7. WV87 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. WVDG-15* WVDG-16 WVDG-17 WVDG-18 WVDG-19 WVDG-20 WVDG-21 WVDG-22
ALO, 0.068181 0.067416 0.066961 0.066586 0.091558 0.087620 0.091514  0.092402
B,0, 0.130854  0.132033 0.101710 0.109363 0.110520 0.111342 0.107674 0.125261
BaO- 0.001559  0.001521  0.001511 0.000514 0.001593 0.001476 0.000535  0.000541
Ca0 0.017562 0.017808 0.018462 0.006903 0.017831 0.017441 0.006650 0.006720
Ce,0, 0.002609 0.000805 0.002860 0.000812 0.000843 0.002862 0.000845  0.002850
Cr,0, 0.001143  0.000336 0.001239 0.000377 0.000352 0.001249 0.000393  0.001289
Cs,0 0.000308 0.000103 0.000334 0.000102 0.000108 0.000337 0.000106 0.000348
CuO 0.000182 0.000733 0.000182 0.000180 0.000672 0.000184 0.000656 0.000190
Fe,0, 0.039905  0.065822 0.040215 0.064826 0.067875 0.039993  0.068519  0.066219
K,0 0.012608 0.010137 0.015911 0.013319 0.015964 0.017279 0.009740 0.014723
La,0, 0.000156 0.000045 0.000178 0.000044 0.000047 0.000157 0.000046 0.000162
LiO 0.066159 0.046593 0.056697 0.058541  0.052878 0.049830 0.057660  0.045907
MgO 0.000000 0.022065 0.023173  0.007827 0.024242  0.025715 0.009808  0.008976
MnO 0.020907 0.018698 0.020737 0.004453 0.004390 0.004366 0.021449  0.021327
MoO, 0.000352  0.000101  0.000402 0.000100 0.000106 0.000355 0.000104  0.000367
Na,0 0.118824 0.101615 0.123475 0.128857 0.121679 0.101631 0.125879  0.101056
Nd,0, 0.000517 0.000152 0.000559 0.000170 0.000159 0.000564 0.000177 0.000582
NiO 0.005138  0.001561  0.005622 0.001632 0.001635 0.005667 0.001697 0.005751
P,0; 0.006785 0.016587 0.006325 0.007829 0.007260 0.017175 0.017761 0.007593
Pr,0,, 0.000050  0.000014  0.000057 0.000014 0.000015 0.000050 0.000015 0.000052
SO, 0.003618 0.001093  0.00388% 0.001164 0.001144 0.003920 0.001118  0.003954
Si0, 0.479557 0.484669 0.476819 0.515456 0.457473 0.485304 0.466014  0.468904
Sm,0, 0.000062  0.000021 0.000083 0.000021 0.000022 0.000084 0.000021  0.000086
Sr0 0.000210 0.000070 0.000279 0.000069 0.000074 0.000282 0.000072  0.000291
ThO, 0.004553  0.004417 0.012860 0.005322 0.015149 0.005169 0.004492  0.004996
TiO, 0.013051  0.004014 0.014317 0.004127 0.004204 0.014342 0.004294  0.014527
U,0, 0.000822 0.000117 0.000072 0.000080 0.000876 0.000856 0.000847  0.000102
Y,0, 0.000096 0.000032 0.000128 0.000032 0.000034 0.000129 0.000033  0.000134
Zn0 0.000178  0.000179  0.000534 0.000000 0.000000 0.000179 0.000550  0.000185
Zr0, 0.004055  0.001242  0.004407 0.001280 0.001301 0.004443  0.001332  0.004465
PCTB 0.296 0.189 0.292 0.225 0.214 0.160 0.225 0.210
PCTLi 0.300 0.235 0.292 0.269 0.282 0.242 0.252 0.300.
PCT Nz 0.264 0.165 0.273 0.219 0.207 0.139 0.222 0.179

* The glass numbers are those used in the reference from which the data were taken.
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Table A.7. WV87 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. WVDG-23* WVDG-24 WVDG-25 WVDG-26 WVDG-27 WVDG-28 WVDG-29 WVDG-30
ALQO, 0.070257 0.086353  0.065548 0.086082 0.088273  0.069246  0.063024  0.072232
B,O, 0.136321 0.135709 0.112516 0.137478 0.133639 0.111683  0.113888  0.124804
BaO 0.000546 * 0.000513  0.000469 0.001400 0.000531 0.000523 0.001445  0.000954
Ca0 0.006780  0.006117 0.006407 0.017092 0.006462 0.006243  0.016423  0.010955
Ce,0, 0.000928  0.000830 0.000919 0.000935 0.003094 0.002924  0.000885  0.001700
Cr,0; 0.000400 0.000376 0.000378 0.000424 0.001362 0.001296 0.000364  0.000770
Cs,0 0.000108 0.000101  0.000102 0.000102 0.000367 0.000336  0.000098  0.000208
CuO 0.000000 0.000180 0.000181  0.000270 0.000744 0.000734 0.000174  0.000368
Fe,O, 0.067811 0.038800 0.039016 0.038836 0.040199  0.055311  0.037899  0.052577
K,0 0.015016 0.019119 0.015411  0.020048  0.019236  0.010453  0.013526  0.014053
La,0, 0.000047 0.000044 0.000044 0.000066 0.000182 0.000179  0.000043  0.000090
Li0 0.045808  0.049029  0.048821 0.047877 0.056430 0.050039  0.059556 0.051399
MgO 0.010189  0.009930 0.009450 0.023960 0.011377 0.011220 0.023366  0.018328
MnO 0.004461  0.020058 0.019839 0.004525 0.004339 0.004363 0.003983  0.010095
MoO, 0.000106  0.000099  0.000100 0.000149 0.000411 0.000405 0.000096  0.000203
Na,0 0.100978 0.110234 0.105397 0.104911 0.120995 '0.104266 0.119993  0.113637
Nd 0, 0.000181 0.000170 0.000171 0.000191 0.000615 0.000585 0.000165 0.000348
NiO 0.001832 0.001626 0.001828 0.001819 0.006138 0.005761 0.001761  0.003427
P,0; 0.017679  0.007099  0.015847 0.008164 0.018132 0.007862 0.015952  0.012469
Pr,0,, 0.000015 0.000014 0.000014 0.000021 0.000058 0.000057 0.000014  0.000029
SO, 0.001330 0.001160  0.001257 0.001251 0.004249  0.004009  0.001211  0.002375
§io, 0.497523  0.500751 0.538222  0.487522 0.451977 0.526601 0.514930  0.487625
Sm,0, 0.000022 0.000020 0.000021 0.000021 0.000085 0.000084 0.000020 0.000042
Sr0 0.000073  0.000069 0.000069 0.000069 0.000285 0.000282 0.000067 0.000141
ThO, 0.014256  0.005089 0.011867 0.010295 0.009691  0.004751 0.005062  0.005030
TiO, 0.004759 0.004204 0.004587 0.004745 0.015550 0.014697 0.004420 0.008604
U,0, 0.000873  0.000820 0.00008%  0.000088 0.000100 0.000864 0.000085  0.000533
Y0, 0.000034  0.000032 0.000032 0.000032 0.000131 0.000129  0.000031  0.000065
ZnO 0.000187 0.000176 0.000000 0.000176 0.000545 0.000538 0.000170  0.000270
Zr0, 0.001481 0.001276 0.001400 0.001451 0.004802 0.004558 0.001349  0.002671
PCTB 0.253 0.213 0.188 0.185 0.309 0.201 0.217 0.209
PCT Li 0.307 0.286 0.253 0.257 0.327 0.289 0.255%* 0.270**

PCT Na 0.187 0.173 0.164 0.156 0.243 0.169 0.214 0.196

* The glass numbers are those used in the reference from which the data were taken.

** Approximated from Figure 4.4 of Ref. 8 due to errors for these values in Table 4.3 of Ref. 8.
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Table A.8. WV88 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?)

Comp. WVDG-33* WVDG-34 WVDG-35 WVDG-36 WVDG-37 WVDG-38 WVDG-39 WVDG-40
ALO, 0.057810  0.036690  0.072311  0.042298 0.069628 0.073673  0.070996  0.043326
B,0, 0.093011 0.112355 0.075571 0.117582 0.079496 0.079871 0.116084  0.078458.
BaO 0.000281 0.000142 0.000480 0.000099 0.000093 0.000096 0.000423  0.000473
CaO 0.005115  0.002323  0.009185 0.002162 0.001776 0.002093  0.008477  0.009313
Ce,0, 0.001396 0.004015 0.000684 0.004139 0.003844 0.004113 0.001067 0.000885
Cr,0, 0.000613 0.001761 0.000290 0.001845 0.001685 0.001786 0.000474  0.000382
Cs,0 0.000178  0.000488 0.000078 0.000484 0.000454 0.000495 0.000128 0.000103
Cu0 0.000361 0.001001 0.000185 0.000953 0.000894 0.001014 0.000272 0.000182
Fe,0, 0.051415 0.044269  0.069024  0.069581  0.043521  0.044421 0.041857 0.069725
K,0 0.026187 0.027808 0.028981  0.020438 0.029452 0.025388  0.027681  0.024411
La,0, 0.000088  0.000244  0.000045 0.000233 0.000218 0.000248  0.000066  0.000045
Lio 0.069833 0.074341  0.077322 0.054535 0.078560 0.067756 0.073761  0.065300
MgO 0.017436  0.008079 0.031767 0.007522 0.006354 0.007098 0.029309  0.032036
MnO 0.010558 0.016480 0.016505 0.001046 0.001064 0.016623 0.000911  0.001001
MoO, 0.000199  0.000553 0.000102 0.000527 0.000494 0.000561 0.000150 0.000101
Na,0 0.121598  0.129239  0.134630 0.094775 0.136696 0.117766 0.128301 0.113291
Nd,0, 0.000277 0.000796 0.000131 0.000833 0.000761 0.000807 0.000214 0.000172
NiO 0.002784  0.007943  0.001379  0.008219 0.007618 0.008151 0.002121  0.001748
PO, 0.012478  0.009533  0.000311 0.003150 0.002506 0.003101 0.019333  0.003066
Pr,0,, 0.000028 0.000078 0.000014 0.000074 0.000070 0.000079 0.000021 0.000014
SO, 0.001881  0.005513  0.000919 0.005680 0.005331  0.005589 0.001440 0.001178
Si0, 0.507219 0.481712 0.465367 0.518464 0.497252 0.499348 0.455540 0.535544
Sm,0, 0.000041  0.000104  0.000021 0.000109 0.000102 0.000105 0.000021  0.000021
Sr0 0.000138  0.000349  0.000071 0.000366 0.000343 0.000354 0.000070  0.000070
ThO, 0.009152  0.005262 0.007747 0.016678 0.005631 0.011474 0.013940 0.011511
TiO, 0.007000  0.020195 0.003500 0.020775 0.019231  0.020658 0.005409  0.004449
U,0, 0.000443  0.001635 0.002180 0.000122 0.000123 0.000081 0.000089 0.001630
Y,0, 0.000064 0.000160 0.000033 0.000168 0.000158 0.000162 0.000032  0.000032
ZnO 0.000264  0.000711  0.000090 0.000745 0.000699 0.000721 0.000177 0.000178
Zro, 0.002153  0.006225 0.001075 0.006397 0.005946 0.006370 0.001637 0.001354
PCTB 0.247 0.417 0.400 0.244 0.231 0.197 0.271 0.305
PCTLi 0.263 0.388 0.394 0.251 0.267 0.240 *0.249 0.305

PCT Na 0.245 0.363 0.399 0.164 0.267 0.197 0.247 0.289

* The glass numbers are those used in the reference from which the data were taken.
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Table A.8. WV88 Glass Compositions (mole fractions)
and PCT Normalized B, Li, and Na Releases (g/m?) (continued)

Comp. WVDG-41* WVDG-42 WVDG43 WVDG44 WVDG-45 WVDG-46 WVDG47 WVDG-48
ALO, 0.041905 0.039679  0.072406 0.060784  0.073694 0.047064 0.040476 0.068960
B,O, 0.075265  0.070678 - 0.131287 0.12304% 0.077274 0.120428 0.116789  0.113100
BaO 0.000141  0.000475 0.000144 0.000146 0.000096 0.000447 0.000095 0.000486
CaO 0.002574 0.008839 0.002622 0.002524 0.002100 0.008312 0.002069 0.009041
Ce,0, 0.001006 0.003918  0.000876  0.000866 0.000877 0.000737 0.000759  0.004440
Cr,0, 0.000427 0.001727 0.000387 0.000392 0.000387 0.000316 0.000334 0.001962
Cs,0 0.000128 0.000466 0.000104 0.000106 0.000104 0.000097 0.000103  0.000529
CuO 0.000272 0.000916 0.000185 0.000187 0.000185 0.000172 0.000182 0.001031
Fe,0, 0.042845  0.043502 0.043882 0.073748 0.071477 0.044602 0.067856 0.043143
K,0 0.028733  0.026854 0.020921 0.027915 0.030001 0.024526 0.020559 0.021214
La,0, 0.000066  0.000224 0.000045 0.000046 0.000045 0.000042 0.000045 0.000252
LiOo 0.076566  0.071722  0.055860 0.074537 0.080043 0.065613 0.054856 0.056643
MgO 0.009133  0.030204 0.008940 0.008871 0.007304 0.028404 0.007198  0.030895
MnO 0.000996 0.016351 0.016409 0.001114 0.017015 0.015455 0.016185 0.001029
MoO, 0.000150 0.000506 0.000102 0.000104 0.000102 0.000095 0.000101 0.000570
Na2,0 0.133217 0.124671  0.096929 = 0.129682 0.139281  0.113924  0.095726  0.098408
Nd,0, 0.000193  0.000780 0.000175 0.000177 0.000175 0.000143 0.000151  0.000886
NiO 0.002029 0.007807 0.001772 0.001695 0.001773 0.001468 0.001456 0.008784
PO, 0.019322  0.018899  0.012381 0.003254 0.020220 0.002849  0.020081  0.022483
Pr,0,, 0.000021  0.000071 ©0.000014 0.000015 0.000014 0.000013 0.000014  0.000080
SO, 0.001352  0.005372 0.001194 0.001210 0.001213 0.001028 0.000997  0.006147
Sio, 0.540541  0.485292  0.513999 0.471114 0.465438 0.513421 0.543214 0.471566
Sm,0, 0.000021  0.000104 0.000021 0.000021 0.000021 0.000020 0.000021 0.000128
Sro 0.000070  0.000352 0.000071 0.000072 0.000071 0.000066 0.000070  0.000432
ThO, 0.014405  0.013804 0.011529 0.010467 0.004989  0.005608  0.005357 0.005817
TiO, 0.005059  0.019707 0.004417 0.004382 0.004421 0.003689 0.003813  0.022304
U,0, 0.001773  0.000108 0.001743  0.001977 0.000091 0.000093  0.000107 0.001749
Y.0, 0.000032  0.000161  0.000033  0.000033 0.000033 0.000030 0.000032  0.000198
ZnO 0.000177 0.000717 0.000181 0.000183 0.000181 0.000168 0.000178  0.000825
Zr0, 0.001581  0.006093 0.001373 0.001330 0.001374 0.001168 0.001177  0.006898
PCTB 0.314 0.380 0.208 0.357 0.260 0.372 0.224 0.179
PCT Li 0.299 0.355 0.257 0.358 0.265 0.317 0.233 0.206
PCT Na 0.369 0.364 0.138 0.331 0.300 0.299 0.156 0.129

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m?)

Comp. 1* 2 3 4 5 6 7 8
WVDG-40 WVDG-46 FY92#5  FY92#6  FY92#7 FY92#9 FY92#10 FY92REF5

Sio, 0.535544 0513421 0.436609 0.526622 0.543849 0.516604 0.491458 0.491773
AL O, 0.043326 0.047064 0.049811 0.033538 0.034635 0.033504 0.050969 0.045412
Zr0, 0.001354 0.001168 0.007620 0.007538 0.007784 0.007530 0.007797 0.001864
ThO, 0.011511 0.005608 0.007193 0.007115 0.007348 0.011846 0.012267 0.009679
Na,0 0.113291 0.113924 0.100421 0.116704 0.067061 0.064870 0.067173 0.113741
K0 0.024411  0.024526 0.051954 0.051392 0.053073 0.023356 0.053162 0.024235
Li0 0.065300 0.065613 0.121404 0.054629 0.056416 0.119966 0.056511 0.065106
B0, 0.078458 0.120428 0.106670 0.105515 0.108067 0.105407 0.160378 0.132917
Fe,0, 0.069725 0.044602 0.063696 0.042915 0.065068 0.062942 0.044393 0.054035
BaO 0.000473  0.000447 0.001206 0.001193° 0.001232 0.001192 0.001234 0.000749
CaO 0.009313 0.008312 0.006088 0.006022 0.006219 0.006016 0.006230 0.008705
Ce,0, 0.000885 0.000737 0.000672 0.000665 0.000686 0.000664 0.000687 0.000334
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000192
Cr,0, 0.000382 0.000316 0.000655 0.000648 0.000669 0.000647 0.000670 0.000661
Cs,0 0.000103  0.000097 0.000000 0.000000 0.000000 0.000000 0.000000 0.000204
CuO 0.000182 0.000172 0.000000 0.000000 0.000000 0.000000 0.000000 0.000271
La,0, 0.000045  0.000042 0.000000 0.000000 0.000000 0.000000 0.000000 0.000088
MgO 0.032036 0.028404 0.015707 0.015537 0.016046 0.015521 0.016072 0.015852
MnO 0.001001 0.015455 0.008222 0.008133 0.008400 0.008125 0.008414 0.008340
MoO, 0.000101  0.000095 0.000000 0.000000 0.000000 0.000000 0.000000 0.000199
Nd,0, 0.000172  0.000143 0.000000 0.000000 0.000000 0.000000 0.000000 0.000299
NiO 0.001748 0.001468 0.002381 0.002355 0.002432 0.002352 0.002436 0.002403
PO, 0.003066 0.002849 0.006013 0.005948 0.006143 0.005942 0.006153 0.011986
Pdo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000176
Pr,O;, 0.000014 0.000013 0.000000 0.000000 0.000000 0.000000 0.000000 0.000028
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000106
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000432
Sm,0, 0.000021  0.000020 0.000000 0.000000 0.000000 0.000000 0.000000 0.000062
SO, 0.001178  0.001028 0.002044 0.002021 0.002088 0.002019 0.002091 0.002062
SrO 0.000070  0.000066 0.001716 0.001698 0.001753 0.001696 0.001756 0.000139
TiO, 0.004449  0.003689 0.007122 0.007045 0.007276 0.007038 0.007288 0.007188
U,0, 0.001630  0.000093 0.000522 0.000517 0.000533 0.000516 0.000534 0.000523
Y.0; 0.000032 0.000030 0.000000 0.000000 0.000000 0.000000 0.000000 0.000064
ZnO 0.000178 0.000168 0.002273 0.002248 0.002322 0.002246 0.002325 0.000176
PCTB 0.306 0.373 0.694 0.278 0.211 0.262 0.822 0.196

PCT Na 0.290 0.300 0.529 0.267 0.208 0.196 0.569 0.256

PCT Li 0.305 0.318 0.584 - 0.357 0.264 0.295 0.711 0.275

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m?) (continued)

Comp. 9* 10 11 12 13 14 15 16
Ratio2 Ratio4 Ratio5 LoTh2 LoTh4 LoThS HiFe2 HiFe3
Sio, 0.467398 0.507408 0.455155 0.493499 0.498396 0.494554 0.469548 0.460604
ALO, 0.047106  0.039271 0.035947 0.042493 0.041431 0.038299 0.037635 0.038835
Zro, 0.007013  0.010832 0.005720 0.007644 0.006766 0.006651 0.006648 0.006485
ThO, 0.003545 0.011440 0.007475 0.003699 0.004737 0.006477 0.008274 0.007836
Na,0 0.102240 0.081605 0.102350 0.100185 0.099771 0.080481 0.102030 0.105904
K,0 0.042045 0.041762 0.037413 0.033330 0.035405 0.033059 0.041196 0.043552
LiOo 0.089163 0.096386 0.096710 0.091526 0.076731 0.077503 0.096194 0.101236
B0, 0.113777 0.113012 0.147815 0.117252 0.137726 0.146677 0.113543 0.115087
Fe,0, 0.072418 0.044341 0.057290 0.056796 0.045684 0.061579 0.069749 0.065675
BaO 0.001221 0.001191 0.001195 0.001183 0.001178 0.001208 0.001219 0.001210
Ca0 0.006163 0.006013 0.006033 0.005972 0.005947 0.006099 0.006151 0.006107
Ce)0, 0.000680 0.000663 0.000666 0.000659 0.000656 0.000673 0.000679 0.000674
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000663 0.000647 0.000649 0.000643 0.000640 0.000656 0.000662 0.000657
Cs,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cu0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MgO 0.015501 0.015512 0.015564 0.015406 0.015342 0.015735 0.015868 0.015755
MnO 0.008324 0.008120 0.008148 0.008065 0.008031 0.008237 0.008307 0.008247
MoO, 0.000000  0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Nd,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NiO 0.002410 0.002351 0.002359 0.002335 0.002325 0.002385 0.002405 0.002388
P,0, 0.006088 0.005939 0.005959 0.005898 0.005874 0.006024 0.006075 0.006032
PdO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
PrO,, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 °0.000000
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SO, 0.002069 0.002018 0.002025 0.002004 0.001996 0.002047 0.002064 0.002050
SrO 0.001737 0.001695 0.001701 0.001683 0.001676 0.001719 0.001734 0.001721
TiO, 0.007210 0.007034 0.007057 0.006986 0.006957 0.007135 0.007195 0.007144
U,0, 0.000529 0.000516 0.000517 0.000512 0.000510 0.000523 0.000528 0.000524
Y,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Zn0O 0.002301 0.002244 0.002252 0.002220 0.002220 0.002277 0.002296 0.002279
PCTB 1.546 0.261 0.244 0.393 0.644 0.242 0.588 0.418
PCT Na 0.909 0.255 0.297 0.229 0.487 0.385 0.498 0.382
PCTLi 1.129 0.290 0.305 0.283 0.577 0.433 0.555 0.423

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m?) (continued)

Comp. 17* 18 19 20 21 22 23 24
HiFe4 PNL190  Alkalil Alkali2  Alkali3 Alkali4 AlkaliS Alkali6

Sio, 0.457673 0.465367 0.508815 0.460112 0.477124 0.512849 0.476404 0.480355
ALO, 0.037883 0.033261 0.046069 0.041230 0.041893 0.044116 0.043052 0.045291
Z10, 0.005349 0.007302 0.008413 0.008327 0.008841 0.008796 0.007182 0.008089
ThO, 0.008590 0.011796 0.010831 0.010848 0.008957 0.009927 0.010324 0.009369
Na,O 0.094911 0.115019 0.085363 0.087370 0.094820 0.089148 0.091386 0.089663
K0 0.032730 0.050551 0.035674 0.034795 0.036521 0.033841 0.034575 0.038824
Lo 0.098431 0.118126 0.086136 0.097763 0.081547 0.082971 0.086482 0.091188
B,0O, 0.149651 0.103392 0.107832 0.149425 0.136918 0.112944 0.147461 0.121539
Fe,O, 0.060359 0.042040 0.055964 0.055415 0.058343 0.051012 0.048769 0.060619
BaO 0.001202 0.001174 0.001212 0.001208 0.001215 0.001201 -0.001201 0.001216
Ca0 0.006066 0.005924 0.006120 0.006099 0.006134 0.006063 0.006060 0.006138
Ce,0, 0.000669 0.000654 0.000675 0.000673 0.000677 0.000669 0.000669 0.000677
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000653 0.000638 0.000659 0.000656 0.000660 0.000652 0.000652 0.000660
Cs,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
CuO’ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La, 0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MgO 0.015650 0.015283 0.015788 0.015734 0.015826 0.015642 0.015634 0.015834
MnO 0.008193 0.008000 0.008265 0.008236 0.008285 0.008188 0.008184 0.008289
MoO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Nd,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NiO 0.002372 0.002316 0.002393 0.002385 0.002399 0.002371 0.002369 0.002400
P,0, 0.005992 0.005851 0.006044 0.006024 0.006059 0.005989 0.005985 0.006062
Pdo 0.000000  0.000000 * 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Pr0,, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SO, 0.002036 0.001988 0.002054 0.002047 0.002059 0.002035 0.002034 0.002060
Sr0 0.001710 0.001670 0.001725 0.001719 0.001729 0.001709 0.001708 0.001730
TiO, 0.007096 0.006930 0.007159 0.007134 0.007176 0.007093 0.007089 0.007180
U,0, 0.000520 0.000508 0.000525 0.000523 0.000526 0.000520 0.000520 0.000526
Y,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Zn0 0.002264 0.002211 0.002284 0.002276 0.002290 0.002263 0.002262 0.002291
PCTB 0.741 1.227 0.251 0.647 0.454 0.274 0.636 0.328

PCT Na 0.572 1.014 0.217 0.430 0.316 0.195 0.421 0.240

PCTLi 0.652 1.069 0.280 0.474 0.355 0.257 0.477 0.302

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m’) (continued)

Comp. 25+ 26 27 28 29 30 31 32
Alkali7 Alkali8 Alkali9 Ref6Q2  FY93#1 FY93#2 FY93#3 FY93#4

Sio, 0.461738 0.483394 0.499984 0.484195 0.481539 0.481008 0.402515 0.559838
ALQ, 0.040465 0.039194 0.046624 0.041776 0.055402 0.029330 0.051866 0.030436
Z10, 0.009237 0.008340 0.009370 0.007605 0.007849 0.007468 0.007348 0.007749
ThO, 0.011127 0.010649 0.011310 0.009572 0.004939 0.004699 0.004624 0.004877
Na,0 0.093542 0.103625 0.082796 0.091634 0.067617 0.115620 0.113765 0.066761
K.0 0.040781 0.041668 0.038588 0.037683 0.024345 0.050914 0.050098 0.052836
Lio 0.095225 0.078810 0.081096 " 0.088142 0.056884 0.054122 0.117066 . 0.056164
B0, 0.142031 0.128131 0.127970 0.131444 0.174278 0.165814 0.163154 0.095803
Fe,O, 0.051228 0.051390 0.047532 0.053436 0.070884 0.037497 0.036895 0.069987
BaO 0.001206 0.001210 0.001209 0.001204 0.001242 0.001182 0.001163 0.001227
Ca0 0.006089 0.006108 0.006100 0.006076 0.006271 0.005967 0.005871 0.006192
Ce, 0, 0.000672 0.000674 0.000673 0.000670 0.000692 0.000658 0.000648 0.000683
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000655 0.000657 0.000656 0.000654 0.000675 0.000642 0.000632 0.000666
Cs,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
CuO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La, 0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MgO 0.015708 0.015758 0.015738 0.015676 0.016179 0.015393 0.015146 0.015974
MnO 0.008223 0.008249 0.008239 0.008206 0.008469 0.008058 0.007929 0.008362
MoO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Nd,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NiO 0.002381 0.002388 0.002385 0.002376 0.002452 0.002333 0.002296 0.002421
P,0, 0.006014 0.006033 0.006025 0.006002 0.006194 0.005803 0.005799 0.006116
Pdo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Pr,O, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SO, 0.002044 0.002050 0.002048 0.002040 0.002105 0.002003 0.001971 0.002078
SO 0.001716 0.001722 0.001720 0.001713 0.001768 0.001682 0.001655 0.001745 .
TiO, 0.007123 0.007145 0.007136 0.007108 0.007336 0.006980 0.006868 0.007243
U,0, 0.000522 0.000524 0.000523 0.000521 0.000538 0.000512 0.000504 0.000531
Y,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Zn0 0.002273  0.002280 0.002277 0.002268 0.002341 0.002227 0.002191 0.002311
PCTB 0.889 0.468 0.284 0.415 0.544 4.044 3.266 0.239
PCT Na 0.567 0.350 - 0.208 0.317 0.328 2.426 1.897 0.190
PCT Li 0.586 0.412 0.271 0353~ 0.504 2.702 2.265 0.250

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m?) (continued)

Comp. 33+ 34 35 36 37 38 39 40
FY93#5  FY93#  FY93#7 FY93#8 FY93#9 FY93#10 FY94#1 FY9%#R

Si0, 0.519219 0.528517 0.557559 0.432517 0.441461 0.521456 0.555001 0.521361
ALO, 0.027934 0.050950 0.054619 0.031393 0.057586 0.028528 0.050695 0.052872
Zr0, 0.007112 0.007218 0.007738 0.007993 0.008158 0.007263 0.004138 0.004316
ThO, 0.004476 0.004542 0.014608 0.015090 0.015402 0.013713 0.012698 0.007532
Na,0 0.061271 0.111756 0.066661 0.123754 0.126313 0.112458 0.094669 0.061121
X0 0.022061 0.022389 0.052757 0.024793 0.055623 0.022530 0.044493 0.045630
Lio 0.113312 0.097410 0.056080 0.057929 0.062440 0.115721 0.065453 0.097519
B,O, 0.157922  0.089234 0.095660 0.177051 0.100857 0.089795 0.090301 0.074192
Fe,0, 0.035712 0.036244 0.038854 0.072186 0.073679 0.036471 0.028913 0.079514
BaO 0.001126 0.001143 0.001225 0.001265 0.001291 0.001150 0.001184 0.001235
Ca0 0.005683 0.005767 0.006182 0.006386 0.006518 0.005803 0.005979 0.006235
Ce,0, 0.000627 0.000636 0.000682 0.000705 0.000719 0.000640 0.000660 0.000688
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000612 0.000621 0.000665 0.000687 0.000701 0.000625 0.000643 0.000671
Cs,0 0:000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
CuO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La, 0, - 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MgO 0.014660 0.014879 0.015950 0.016476 0.016817 0.014972 0.015424 0.016087
MnO 0.007674 0.007789 0.008349 0.008625 0.008803 0.007838 0.008074 0.008421
MoO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Nd, 0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NiO 0.002222  0.002255 0.002417 0.002497 0.002549 0.002269 0.002338 0.002438
P,0, 0.005613 0.005696 0.006106 0.006308 0.006438 0.005732 0.005905 0.006159
PdO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Pr,0,, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SO, 0.001907 0.001936 0.002075 0.002144 0.002188 0.001948 0.002007 0.002093
Sr0 0.001602 0.001626 0.001743 0.001800 0.001837 0.001636 0.001685 0.001758
TiO, 0.006647 0.006746 0.007232 0.007471 0.007625 0.006789 0.006994 0.007294
U,0, 0.000487 0.000495 0.000530 0.000548 0.000559 0.000498 0.000513 0.000535
Y,0;, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
ZnO 0.002121 0.002153 0.002308 0.002384 0.002433 0.002166 0.002232 0.002328
PCTB 1.267 0.269 0.186 1.575 0.431 0.757 0.186 0.215

PCT Na 0.658 0.225 0.145 0.962 0.377 0.467 0.208 0.222

PCT Li 0.881 0.200 1.197 0.385 0.495 0.253 0.297

0.266

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m?) (continued)

Comyp. 41* 42 43 44 45 46 47 48
FY94#3 FY94#4 FYO4#S FY94#6 FYO4#T FYO4#8 FY94#9  FY94#10
sio, "0.433979 0.406858 0.534509 0.483946 0.510653 0.414041 0.492486 0.470732
ALO, 0.030121 0.029883 0.036318 0.055976 0.043582 0.031117 0.032356 0.040420
Z10, 0.004175 0.004198 0.009453 0.011475 0.010533 0.011177 0.010477 0.003990
ThO, 0.005338 0.002415 0.007905 0.014467 0.012555 0.003004 0.006519 0.009182
Na,0 0.125077 0.104036 0.116235 0.071663 0.075110 0.099357 0.070816 0.084749
K,0 0.034415 0.039868 0.047175 0.033007 0.029952 0.029089 0.048727 0.022377
Li,0 0.066037 0.109079 0.100267 0.116435 0.056651 0.091700 0.081603 0.108175
B,0, 0.189167 0.174043 0.068568 0.075380 0.177606 0.186438 0.139071 0.180789
Fe,0, 0.048544 0.075200 0.027869 0.080798 0.029195 0.078704 0.062874 0.027874
BaO 0.001195 0.001202 0.001142 0.001255 0.001196 0.001223 0.001216 0.001142
Ca0 0.006032 0.006065 0.005763 0.006336 0.006037 0.006172 0.006139 0.005764
Ce,0, 0.000666 0.000659 0.000636 0.000699 0.000666 0.000681 0.000677 0.000636
CoO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000649 0.000653 0.000620 0.000682 0.000650 0.000664 0.000661 0.000620
Cs,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cu0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MgO 0.015562 0.015647 0.014867 0.016346 0.015575 0.015923 0.015837 0.014870
MnO 0.008146 0.008191 0.007783 0.008557 0.008153 0.008335 0.008290 0.007784
MoO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Nd,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NiO 0.002359 0.002371 0.002253 0.002477 0.002361 0.002413 0.002400 0.002254
P,0, 0.005958 0.005990 0.005692 0.006258 0.005963 0.006096 0.006063 0.005693
PdO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Pr,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
SO, 0.002025 0.002036 0.001934 0.002127 0.002026 0.002072 0.002060 0.001935
S10 0.001700 0.001710 0.001624 0.001786 0.001702 0.001740 0.001730 0.001625
TiO, 0.007056 0.007095 0.006741 0.007412 0.007062 0.007220 0.007181 0.006743
U,0, 0.000517 0.000520 0.000494 0.000543 0.000518 0.000520 0.000527 0.000494
Y,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
ZnO 0.002252 0.002264 0.002151 0.002365 0.002253 0.002304 0.002291  0.002152
PCT B 4.057 333  0.453 0.288 1.047 2242 0435 3.385
PCTNa  2.553 2296  0.495 0.266 0.693 1.565 0.368 2.151
PCTLi 3.559 2605 0532 0364  0.949 0.447 2.885

1.920

* The glass mmbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions)
and PCT Normalized B, Na, and Li Releases (g/m?) (continued)

Comp. 49% 50 51 52 53 54 55 56
Sigmal  Sigma2  Sigma3  Sigma4  SigmaS  Sigma6  Sigma7  Sigma8
Sio, 0.389960 0.392802 0.441782 0.403675 0.400893 0.417742 0.410534 ° 0.425531
ALO, 0.028809 0.029019 0.032613 0.032858 0.031049 0.031699 0.034272 0.032531
Z10, 0.004056 0.004086 0.004576 0.004495 0.004468 0.004576 0.004337 0.004711
ThO, 0.002308 0.013478 0.010513 0.002590 0.002346 0.005730 0.002855 0.002617
Na,0 0.121520 0.122406 0.127130 0.113627 0.116592 0.112061 0.118290 0.108148
K,0 0.050010 0.050374 0.051417 0.046455 0.048951 0.047452 0.048009 0.046217
Li,0 0.116861 0.117713 0.118539 0.114408 0.112854 0.110463 0.113504 0.112158
B,0, 0.183818 0.185157 0.079018 0.181692 0.177939 0.172859 0.167314 0.158814
Fe,0, 0.050080 0.032003 0.078901 0.047397 0.052060 0.044612 0.048270 0.056210
BaO 0.001161 0.001170 0.001226 0.001159 0.001167 0.001166 0.001162 0.001172
CaO 0.005861 0.005903 0.006187 0.005852 0.005891 0.005886 0.005865 0.005915
Ce,0, 0.000647 0.000651 0.000683 0.000646 0.000650 0.000649 0.000647 0.000653
Co0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cr,0, 0.000631  0.000635 0.000666 0.000630 -0.000634 0.000633 0.000631 0.000637
Cs,0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 "
Cuo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
La,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
MgO 0.015120 0.015230 0.015963 0.015098 0.015197 0.015185 0.015130 0.015259
MnO 0.007915 0.007972 0.008356 0.007904 0.007955 0.007949 0.007920 0.007988
MoO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Nd,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
NiO 0.002292 0.002308 0.002419 0.002288 0.002303 0.002301 0.002293 0.002313
P,0, 0.005788 0.005831 0.006111 0.005780 0.005818 0.005814 0.005793 0.005842
PdO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Pr,0,, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RhO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
RuO, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Sm,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
so, 0.001967 0.001981 0.002077 0.001964 0.001977 0.001976 0.001968 0.001985
S10 0.001652 0.001664 0.001744 0.001650 0.001660 0.001659 0.001653 0.001667
TiO, 0.006856 0.006906 0.007238 0.006846 0.006891 0.006885 0.006861 0.006919
U,0, 0.000503 0.000506 0.000531 0.000502 0.000505 0.000505 0.000503 0.000507
Y,0, 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Zn0 0.002188 0.002204 0.002310 0.002184 0.002199 0.002197 0.002189 0.002208
PCT B 6.609 10278 7.742 4.655 5.268 4.921 4.429 3.407
PCTNa  4.920 7.965 5.429 3.551 3.930 3.683 3.326 2.559
PCT Li 5.312 7.535 4.071 3.839 4.262 3.969 3.545 2.730

* The glass numbers are those used in the reference from which the data were taken.
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Table A.9. WVDP Glass Compositions (mole fractions) -
and PCT Normalized B, Na, and Li Releases (g/m?) (continued)

Comp. 57* 58
Sigma9 Sigmal0

Sio, 0.433440  0.439137
ALO, 0.035418  0.034050
Zr0, 0.004791  0.004677
ThO, 0.011310 0.013149
Na,0 0.110930  0.106428
X0 " 0.044973  0.045702
. Li,0 0.110395 0.109213
B0, 0.154621 0.157584
Fe,0, 0.040792  0.036741
BaO 0.001178  0.001177
CaO 0.005944  0.005943
Ce,0, 0.000656  0.000656
CoO 0.000000  0.000000
Cr,0, 0.000640  0.000640
Cs,0 0.000000  0.000000
CuO 0.000000  0.000000
La,0, 0.000000  0.000000
MgO 0.015335 0.015333
MnO 0.008028  0.008026
MoO, 0.000000  0.000000
Nd,0, 0.000000  0.000000
NiO 0.002324  0.002324
P,0; 0.005871  0.005870
PdO 0.000000  0.000000
Pr,0,; 0.000000  0.000000
RhO, 0.000000  0.000000
RuO, 0.000000  0.000000
Sm,0, 0.000000  0.000000
SO, 0.001995  0.001995
Sr0 0.001676  0.001675
TiO, - 0.006954 0.006952
U,0, 0.000510  0.000510
Y,0, 0.000000  0.000000
ZnO 0.002219  0.002218
PCTB 3.542 4,028

PCT Na 2.485 2.913
PCT Li 2.833 3.245

* The glass mumbers are those used in the reference from which the data were taken.
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Appendix B
Scatterplot Matrices

This appendix contains the scatterplot matrix for each data set described in Section 4. A
scatterplot matrix in this appendix consists of a matrix of scatterplots of pairs of glass components
for a given data set. Because individual plots in a scatterplot matrix get quite small for larger
numbers of components, only those components included in the first-order mixture model for each
data set are included in the scatterplot matrix.

Various features of a data set can adversely affect property models fitted to the data set.
Such features that can be detected in a scatterplot are: -

(1) A component being constant or nearly constant over a data set. This indicates that it is _
impossible to accurately estimate the component's coefficient in empirical mixture models.

(2) A correlation between pairs of components in a scatterplot, indicated by the points having a
linear appearance. The stronger such a correlation, the more difficult (and eventually
impossible) it is to separate the effects of the components on glass properties using the data
set. Incorrect empirical model coefficients can result if pairwise component correlations are
strong enough.

(3) Clustering of points or an uneven coverage of pairwise combinations of components.
Clustering of points can indicate that the data set contains points with similar combinations of
components in many compositions. An uneven coverage of pairwise combinations can
indicate a lack of compositions in parts of the model domain. Both of these conditions can
result in a poor basis for estimating the effects of the affected components on glass
properties. However, an uneven coverage can be indicative of constraints imposed in
collecting the data (e.g., avoiding compositions with low SiO, and low AlLQ,).

The presence or absence of any such bothersome features is discussed for each data set in the
corresponding subsection of Section 4.
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Appendix’C
Predicted Versus Measured Plots

This appendix contains the predicted versus measured In(NR) plots for the free energy of
hydration and first-order mixture models presented in Section 6. A predicted versus measured
plot for a given model consists of a scatterplot of the In(NR) values predicted by the model for
each data point (on the y-axis) versus the measured In(NR) values for each data point (on the x-
axis). Included in each predicted versus measured plot is a 45° line that represents perfect
prediction by the model. That is, if the model predicted the data perfectly, the predicted value
would equal the measured value for each data point, and the plotted points would all fall on the
45° line.

Any tendency for points to fall more above the 45° line than below for a particular range of
In(NR) values indicates the model tends to overpredict for that range of values. Similarly, any
tendency for points to fall more below the 45° line than above for a particular range of In(NR)
values indicates the model tends to underpredict for that range of values. Ideally, a model should
yield unbiased predictions (i.e., not tend to overpredict or underpredict) over its whole range of
applicability.

The imprecision of a model is indicated by the scatter of predicted versus measured points
about the 45° line. A very tight scatter about the 45° line indicates the model's predictions are
very precise (i.e., have low uncertainty) A very wide scatter about the 45° line indicates the
model's predlctlons are not very precise (i.e., have high uncertainty). Ideally a model should y1e1d
very precise predictions.
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Figure C.1. Predicted Versus Measured Plot for the Free Energy of Hydration

Model Fitted to the CVS-I Data
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Figure C.2. Predicted Versus Measured Plot for the First-Order Mixture
Model Fitted to the CVS-I Data
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Figure C.3. Predicted Versus Measured Plot for the Free Energy of Hydration
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Figure C.4. Predicted Versus Measured Plot for the First-Order Mixture

Model Fitted to the CVS-II Phase 1 Data
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Figure C.5. Predicted Versus Measured Plot for the Free Energy of Hydration

Model Fitted to the CVS-II Phase 2 Data
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Figure C.6. Predicted Versus Measured Plot for the First-Order Mixture
Model Fitted to the CVS-II Phase 2 Data
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Figure C.7. Predicted Versus Measured Plot for the Free Energy of Hydration
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Figure C.8. Predicted Versus Measured Plot for the First-Order Mixture

Model Fitted to the CVS-II Phase 3 Data
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Figure C.9. Predicted Versus Measured Plot for the Free Energy of Hydration

Model Fitted to the CVS-II Phase 4 Data
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Figure C.10. Predicted Versus Measured Plot for the First-Order Mixture

Model Fitted to the CVS-II Phase 4 Data
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Figure C.11. Predicted Versus Measured Plot for the Free Energy of Hydration

Model Fitted to All of the CVS Data
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Figure C.12. Predicted Versus Measured Plot for the First-Order Mixture

Model Fitted to All of the CVS Data
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Figure C. 13 Predicted Versus Measured Plot for the Free Energy of Hydration

Model Fitted to the Ramsey Data
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Figure C.14. Predicted Versus Measured Plot for the First-Order Mixture

Model Fitted to the Ramsey Data
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Figure C.15. Predicted Versus Measured Plot for the Free Energy of Hydration
' Model Fitted to the WV87 Data
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Figure C.16. Predicted Versus Measured Plot for the First-Order Mixture

Model Fitted to the WV87 Data
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Figure C.17. Predicted Versus Measured Plot for the Free Energy of Hydration
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Figure C.18. Predicted Versus Measured Plot for the First-Order Mixture
Model Fitted to the WV88 Data
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Figure C.19. Predicted Versus Measured Plot for the Free Energy of Hydration
Model Fitted to the WVDP Data
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Figure C.20. Predicted Versus Measured Plot for the First-Order Mixture
Model Fitted to the WVDP Data
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Figure C.21. Predicted Versus Measured Plot for the Free Energy of Hydration Model

Figure C.22. Predicted Versus Measured Plot for the First-Order Mixture Model
Fitted to the SRTC Homogeneous Data (All 137 Observations)
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Figure C.23. Predicted Versus Measured Plot for the Free Energy of Hydration Model

Fitted to the SRTC Homogeneous Data (118 Observations)
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Figure C.24. Predicted Versus Measured Plot for the First-Order Mixture Model

Fitted to the SRTC Homogeneous Data (118 Observations)
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Figure C.25. Predicted Versus Measured Plot for the Reduced Second-Order

Mixture Model Fitted to the WVDP Data
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